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PL1

PLASMONIC PHOTOCATALYSIS: LIGHTING THE PATH TO SUSTAINABLE
CHEMISTRY
Naomi J. Halas
Rice University, Houston, TX 77005, USA
e-mail: halas@rice.edu
Keywords: plasmonics, photothermal cancer therapy, photocatalysis, antenna-reactor
complexes

Metallic nanoparticles, known and used since antiquity to impart intense, vibrant color into
materials, then brought to scientific attention in the 19th century as “Faraday’s colloid”, have more
recently become a central tool in the nanoscale manipulation of light. When excited by light,
metallic nanoparticles undergo a coherent oscillation of their conduction electrons- known as a
plasmon- which is responsible for their strong light-matter interactions and properties. Both
photothermal heating, useful for ultralocalized cancer therapy,[1] and the generation of hot
electrons or holes that can drive chemical reactions, result from this light-nanoparticle
interaction.[2] We have previously introduced photothermal effects for biomedical therapeutics;
now, years after their initial demonstration, this approach has been utilized in successful human
trials for the precise and highly localized ablation of cancerous regions of the prostate, eliminating
the side effects of conventional prostate cancer therapies. Coupling a plasmonic nanoparticle an optical frequency antenna - directly to catalytic nanoparticles or individual single-atom catalytic
sites transforms the entire complex into an efficient, light-controlled catalyst capable of driving
chemical reactions under surprisingly mild, low temperature conditions.[3,4] This new type of lightbased catalyst can be utilized for remediating greenhouse gases, and converting them to useful
molecules for industry, or benign molecules for a cleaner planet.[5]
References
[1] A. R. Rastinehad et al., PNAS 116, 18590-18596 (2019).
[2] M. Brongersma et al., Nature Nanotechnology10, 25-34 (2015).
[3] D. Swearer et al., PNAS 113, 8916–8920 (2016).
[4] L. Zhou et al., Science 362, 69–72 (2018).
[5] L. Zhou, Nature Energy 5, 61-70 (2020).
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PL2

IS CHEMICAL BONDING A BORDERLESS CONTINENT?
Santiago Alvarez
Departament de Química Inorgànica i Orgànica, e Institut de Química Teòrica i Computacional,
Universitat de Barcelona
e-mail: santiago@qi.ub.es
Keywords: intermolecular interactions, chemical bonding, atomic radii.

How can we consistently combine the precision with which we can nowadays calculate
quantum chemically molecular energies and geometries, bond energies and bond distances, with
the fuzziness of the conceptual framework of chemical bonding? In the quest for a theoretical
description of the variety of bonding situations, from strong multiple bonds to very weak Van der
Waals -or dispersion- interactions, a forest of adjectives is associated to the substantives "bond"
or "interaction": hydrogen bonds, metallophylic interactions, three center-two electron bonds,
agostic interactions, -hole bonding, halogen bonds, chalcogen bonds, etc. Does that improve
our perspective view of the field of chemical bonding? Or should we try to develop a simpler
conceptual framework that may cover all particular cases and emphasizes analogies among
them?
With that view in mind, a critical revision of the concept and standard values of covalent
and Van der Waals radii1,2 will be presented. The atomic radii are human constructs that pretend
to represent with a single parameter the size of the electron density cloud of each element,
regardless of coordination number, oxidation state, bond orders and chemical nature of the
bonded groups. As such, those parameters are only indicative of the most probable distance
between a pair of bonded atoms or between two non covalently linked atoms. To deal with the
variety of bonding situations that appear for the whole range of interatomic distances intermediate
between the covalent and the Van der Waals radii sums, we propose a unified approach,3
consistent in describing the interaction between two atoms by the degree of interpenetration of
their Van der Waals crusts. An atom's crust is simply the spherical section that extends between
its valence and Van der Waals spheres, defined by the corresponding covalent and Van der
Waals radii. A penetration index adopts a value of 0% when the two Van der Waals spheres are
just touching each other, and 100% when they interpenetrate in such a way that the two valence
spheres are in contact. In that way we can compare on the same footing the degree of interaction
of pairs of different atoms that should allow for a better systematization of the wide variety of
bonding situations.

References
[1] B. Cordero et al. Dalton Trans., 2008, 2832-2838.
[2] S. Alvarez. Dalton Trans., 2013, 42, 8617-8636.
[3] D. M. Gil, J. Echeverría, S. Alvarez. Inorg. Chem., 2022, in press.
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PL3
SELECTIVE CATALYTIC FUNCTIONALIZATIONS OF C-H AND C=C BONDS
John F. Hartwig
University of California Berkeley
e-mail: jhartwig@berkeley.edu
Keywords: C-H bond functionalization, iridium, borane, silane, carbene, artificial
metalloenzymes
The selective introduction of functional groups at the positions of typically unreactive CH bonds and the stereo- and regio-selective functionalization of unconjugated C=C bonds have
been longstanding challenges in catalysis. To this end, our group has developed practical
methods for the catalytic functionalization of C-H bonds with main group reagents.1-4 These
studies have led us to a general strategy of installing a single transient functional group to form
a range of products from one C-H bond functionalization reaction. This research has led us to
seek next-generation catalysts for the functionalization of C-H in complex molecules, new classes
of reactions for functionalization of these bonds, and new strategies, such as the construction of
artificial metalloenzymes to control the site at which such reactions occur. In parallel, our group
has discovered catalysts and reagents for the hydroamination of terminal and internal,
unactivated alkenes5 and artificial metalloenzymes for the cyclopropanation of alkenes, including
those in terpene natural products as part of artificial biosynthetic pathways.6-7
This lecture will present recent directions of research in our group toward discovering
selective reactionsof both small and complex molecules with large and small catalysts. The
design and selection, as well as the intimate mechanism, of catalysts and catalytic reactions for
selective functionalization processes will be presented.

Undirected Ir-catalyzed borylation of alkyl C-H bonds and artificial Ir-P450 enzymes for
organometallic reactions.
References
[1] I. Mkhalid, J. Barnard, et al. Chem. Rev. 2010, 110, 890-931.
[2] J. Hartwig, et al. Acc. Chem. Res. 2012, 45, 864-873.
[3] J. Hartwig, et al. Acc. Chem. Res. 2017, 50, 549-555.
[4] C. Cheng, J. Hartwig, et al. J. Am. Chem. Soc. 2015, 137, 592- 595.
[5] Y. Xi, S. Ma, et al. Nature 2020, 588, 254-260.
[6] H. Key, P. Dydio, et al. ACS Cent. Sci. 2017, 3, 302-308.
[7] J. Huang, J.; Z. Liu, et al. Nature Chemistry 2021, 13 (12), 1186-1191.
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PL4

CARBON-BASED COMPOUNDS AND MATERIALS FOR ENHANCED
SOLAR CELL EFFICIENCIES AND FOR ELECTROCATALYTIC
APPLICATIONS FOR HYDROGEN FORMATION
Luis Echegoyen,a
a

Department of Chemistry, Univ. of Texas – El Paso, 500 W University Ave, El Paso TX 79965
e-mail: Echegoyen@utep.edu

Keywords: Fullerenes, Endohedral Fullerenes, Photovoltaic Cells, HER
Carbon-based chemical compounds and materials are relatively inexpensive and very
effective as selective Electron Transporting Layers (ETLs) in solar cells. Our work in this area has
been
primarily
with
buckminsterfullerene
compounds, also called “buckyballs” or simply
fullerenes, which are pure-carbon cages that are
excellent electron acceptors and 3D transporters. We
have functionalized fullerenes in order to modulate
and probe their specific interfacial interactions in
perovskite solar cells to understand the details and to
enhance the cell performance efficiencies. Pyridinefunctionalized fullerenes were tested as ETLs, see
picture, both as pure compounds as well as in
combination with other ETL compounds in order to
discriminate their ability to extract electrons at the
perovskite interface and to transport the electrons
through the bulk phase. Results clearly showed that
the pyridine-functionalized compounds act as
efficient electron extractors at the interface but are
not necessarily good electron transporters as a bulk
phase.
In addition to regular fullerenes we have also worked with endohedral
versions, carbon cages which encapsulate ions and/or atoms and
clusters inside, stabilized by electronic interactions with the cages.
These nano-sized compounds, which we also call “Buckyball
Maracas” due to their composition and structure, were recently shown
to act as reasonably efficient non-precious metal-containing
molecular catalysts to effect the Hydrogen Evolution Reaction (HER),
or water splitting, to produce hydrogen gas, see JACS cover. These
are preliminary results and we are currently exploring the
fundamental aspects of the HER with other endohedral fullerene
compounds, both to understand the details and to increase their
efficiencies.
References
[1] Olivia Fernandez-Delgado, P. S. Chandrasekhar, Natalia Cano, Zoe C. Simon, Alain. R.
Puente-Santiago, Fang Liu, Edison Castro, and Luis Echegoyen, “The Role of Fullerene
Derivatives in Perovskite Solar Cells: Electron Transporting or Electron Extraction Layers?” J.
Mater. Chem. C, 9, 10759 – 10767, 2021.
[2] O. Fernandez-Delgado, A.R. Puente Santiago, J. Galindo Betancourth, M.F. Sanad S.
Sreenivsan, and L. Echegoyen, “Diazonium Functionalized Fullerenes: A New Class of Efficient
Molecular Catalysts for the Hydrogen Evolution Reactions,” Nanoscale, 2021.
[3] Alain Puente Santiago, Mohamed Sanad, Antonio Moreno-Vicente, Md Ariful Ahsan, Maira
Ceron, Yangrong Yao, Sreeprasad Sreenivasan, Antonio Rodriguez-Fortea, Josep Poblet and
Luis Echegoyen, “A new class of molecular HER electrocatalysts: catalytic activity of M3N@C2n
(C2n=68, 78, 80) fullerenes,” J. Am. Chem. Soc., 143(16), 6037-6042, 2021.
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PL5

IN PURSUIT OF SUSTAINABILITY: FROM MODULAR LIGANDS TO
CATALYTIC FLOW PROCESESS
Miquel A. Pericàsa,b
a

Institute of Chemical Research of Catalonia (ICIQ), The Barcelona Institute of Science and
Technology (BIST)
b

Departament de Química Inorgànica i Orgànica, Universitat de Barcelona
e-mail: mapericas@iciq.es and mapericas@gmail.com

Keywords: Modular ligands, Asymmetric Catalysis, Organocatalysis, Catalysit Immobilization,
Catalyst Recycling and Reuse, Continuous Flow Processes

The concept of sustainability has become ubiquitous and a global concern as human
activity on earth, a closed system, is approaching its growth limits. Chemistry has a major role to
play in ensuring a sustainable future. From a global perspective, the focus is mainly put on a few
fundamental processes with enormous impact, such as controlling the breakdown of water into
oxygen and hydrogen by the effect of sunlight or the chemical reduction of carbon dioxide to C1
raw materials, for their potential of freeing oil and natural gas from their use as fuels and their
contribution to limiting global warming, thus slowing down the ongoing climate change.
However, beyond this paradigm change with respect to energy supply and the use of raw
materials, a radical change in the way of performing chemical processes towards day-to-day
improvement in sustainability, is also possible. In this lecture, the evolution from performing
catalytic homogeneous processes in batch to the development of heterogeneous catalytic
enantioselective processes in continuous flow under fully controlled conditions will be discussed.
This evolution path covers different stages spanning from: a) modular ligand design for
enantioselective catalysis, with focus on catalytic activity and enantioselectivity, b) covalent
immobilization of ligands and organocatalysts, with emphasis on factors that allow the
preservation of the catalytic activity and enantioselectivity recorded in solution and allow efficient
recycling and reuse, and, c) the implementation of continuous flow processes based on these
catalysts.[1]
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References
[1] For some key references, see: (a) A. Vidal-Ferran, A. Moyano, M. A. Pericàs, A. Riera, J. Org.
Chem. 1997, 62, 4970-4982; (b) C. Jimeno, A. Vidal-Ferran, M. A. Pericàs, Org. Lett. 2006, 8,
3895-3898; (c) S. Rodríguez-Escrich, K. S. Reddy, C. Jimeno, G. Colet, C. Rodríguez-Escrich, L.
Solà, A. Vidal-Ferran, M. A.; Pericàs, J. Org. Chem. 2008, 73, 5340-5353; (d) C. RodríguezEscrich, M. A. Pericàs, Eur. J. Org. Chem. 2015, 1173-1188; (e) C. Rodriguez-Escrich, M. A.
Pericàs, Chem. Rec. 2019, 19, 1872-1890; (f) J. Lai, M. Fianchini, M. A. Pericàs, ACS Catal.
2020, 10, 14971-14983; (g) N. Zanda, A. Sobolewska, E. Alza, A. W. Kleij, M. A. Pericàs, ACS
Sust. Chem. Eng. 2021, 9, 4391-4397; (h) P. Borah, M. Fianchini, M. A. Pericàs, ACS Catal. 2021,
11, 6234-6242; (i) L. Zhou, S. Perulli, M. M. Mastandrea, P. Llanes, J. Lai, M. A. Pericàs, Green
Chem. 2021, 23, 8859-8864.
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PL6

RETICULAR CHEMISTRY FOR CARBON CAPTURE AND WATER
HARVESTING FROM AIR
Omar M. Yaghi
Department of Chemistry, University of California-Berkeley
e-mail: yaghi@berkeley.edu
Keywords: Reticular, Metal-Organic Frameworks, Covalent Organic Frameworks, Porosity
Reticular chemistry is concerned with linking molecular building blocks with strong bonds
into crystalline extended structures. This chemistry has yielded two extensive classes of porous
frameworks; namely, metal-organic frameworks (MOFs) and covalent organic frameworks
(COFs). This presentation will outline the key features of these reticular frameworks and the
flexibility with which their interior can be designed and chemical modified to produce structures
capable of highly selective binding of carbon dioxide from air and flue gas as well as harvesting
water from air anywhere in the world at any time of the year. The strong bonds and the crystallinity
of these frameworks allow for their robustness, operation with energy efficiency, cyclability, and
long-term stability. Future directions in the design of MOFs and COFs with sequence-dependent
properties will also be presented.
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PL7

NEW TRICKS WITH OLD CHEMISTRY: NANOPORE SEQUENCING FOR
PSEUDOURIDINE IN RNA WITH BISULFITE
Cynthia J. Burrowsa*
Dept. of Chemistry, Univ. of Utah, 315 S. 1400 East, Salt Lake City, UT 84112-0850, USA

a

* e-mail: burrows@chem.utah.edu
Pseudouridine (Ψ) and N6-methyladenosine (m6A) represent the most common modified
bases in mRNA, and Ψ is particularly abundant in cells undergoing stress or viral infection. Ψ
has come to recent fame because it enabled development of mRNA vaccines against
coronaviruses. Determining where modifications are written into the epitranscriptome is the first
step in understanding why they are present naturally. A common method for sequencing for Ψ
involves Ψ-specific alkylation that induces reverse transcription stop sites; however, this reaction
does not permit sequencing of multiple sites per strand,
In the course of studying bisulfite sequencing for m5C in RNA, we discovered that bisulfite
also reacts with Ψ generating a clean deletion signature during reverse transcription bypass.[1]
Mechanistic studies on model nucleosides and oligonucleotides helped us unravel the intriguing
organic chemistry of the bisulfite adducts of Ψ,[2] and lead us to propose a mechanism for the
deletion signature involving a flipped out, ring-opened ribose adduct.

Figure 1. Proposed pathway to O- or S-linked Ψ-SO3- adducts.
Most recently, we have used nanopore direct RNA sequencing to locate Ψ as well as several
other RNA base modifications in mRNA, including the SARS-CoV-2 genome,[3] and in rRNA. In
combination with the chemistry of Fig. 1, sites of modification can be readily identified and their
occupancies quantified. We are currently using the nanopore technique to understand how
ribosomes respond to cellular stress by altering their base modification patterns.
Acknowledgment: This work was supported by the U. S. National Institutes of Health (grant No.
R01 GM093099).
References:
[1] Khoddami, V.; Yerra, A.; Mosbruger, T. L.; Fleming, A M.; Burrows, C. J.; Cairns, B. R.
“Transcriptome-wide profiling of multiple RNA modifications simultaneously at single-base
resolution,” Proc. Natl. Acad. Sci. 2019, 118, 6784-6789.
[2] Fleming, A. M.; Alenko, A.; Kitt, J. P.; Orendt, A. M.; Flynn, P. F.; Harris, J. M.; Burrows, C. J.
“Structural elucidation of bisulfite adducts to pseudouridine that result in deletion signatures
during reverse transcription of RNA,” J. Am. Chem. Soc. 2019, 141,16450-16460.
[3] Fleming, A.M.; Mathewson, N. J.; Howpay Manage, S. A.; Burrows, C. J. “Nanopore dwelltime analysis permits sequencing and conformational assignment of pseudouridine in SARSCoV-2,” ACS Cent. Sci. 2021, 7, 1707-1717.
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S01-IL01

ORGANIC PHOTOCHEMISTRY IN A SUNNY PLACE: LIGHT TO MIMIC,
CONTROL, AND MONITOR (CHEMICAL) PROCESSES
Uwe Pischel
Center for Research in Sustainable Chemistry (CIQSO), University of Huelva, Spain
e-mail: uwe.pischel@diq.uhu.es
Keywords: Photoswitches, supramolecular photochemistry, dye chemistry
In this contribution I will highlight the different research lines that we are developing at
the Center for Research in Sustainable Chemistry (CIQSO) at the University of Huelva. The region
of Huelva is a sun-flooded zone with more than 3000 hours of sunlight per year. What could be a
more inspirational setting to initiate a research program focused on the use of photonic energy to
gain control over chemical processes, to implement stimuli-responsive molecular mimics or to
monitor specific microenvironments?[1] In our laboratory we use photoswitches to store and
process photonic information in an effort to arrive at “intelligent” molecular devices, working
(confessedly at a more rudimentary level) with the same principles like a computer.[2,3] Combining
these switches with supramolecular hosts enables us then to use these principles to effectuate
the stimuli-responsive release or scavenging of functional guest cargo. Choosing the “right” cargo
puts these devices on the road to drug delivery,[4] adaptive chemistry[5] or light-gated catalysis.[6]
A second point of interest in our research is the design and application of organoboron dyes. This
has the aim to arrive at probes that can be used to gain information in bioimaging contexts or for
the sensitization of singlet oxygen as a powerful therapeutic agent, ultimately enabling the
implementation as theranostic devices.[7,8]
References
[1] U. Pischel, ChemPhotoChem 2020, 4, 7-8.
[2] J. Andréasson, U. Pischel, Chem. Soc. Rev. 2015, 44, 1053-1069.
[3] a) J. Andréasson, U. Pischel, S. D. Straight, T. A. Moore, A. L. Moore, D. Gust, J. Am. Chem.
Soc. 2011, 133, 11641-11648. b) P. Remón, M. Bälter, S. M. Li, J. Andréasson, U. Pischel, J.
Am. Chem. Soc. 2011, 133, 20742-20745. c) M. Bälter, S. M. Li, J. R. Nilsson, J. Andréasson, U.
Pischel, J. Am. Chem. Soc. 2013, 135, 10230-10233.
[4] a) N. Basílio, U. Pischel, Chem. Eur. J. 2016, 22, 15208-15211. b) M. A. Romero, R. J.
Fernandes, A. J. Moro, N. Basílio, U. Pischel, Chem. Commun. 2018, 54, 13335-13338.
[5] P. Remón, D. González, S. M. Li, N. Basílio, J. Andréasson, U. Pischel, Chem. Commun.
2019, 55, 4335-4338.
[6] J. A. González-Delgado, M. A. Romero, F. Boscá, J. F. Arteaga, U. Pischel, Chem. Eur. J.
2020, 26, 14229-14235.
[7] V. F. Pais, M. M. Alcaide, R. López-Rodríguez, D. Collado, F. Nájera, E. Pérez-Inestrosa, E.
Álvarez, J. M. Lassaletta, R. Fernández, A. Ros, U. Pischel, Chem. Eur. J. 2015, 21, 1536915376.
[8] F. M. F. Santos, J. N. Rosa, N. R. Candeias, C. Parente Carvalho, A. I. Matos, A. E. Ventura,
H. F. Florindo, L. C. Silva, U. Pischel, P. M. P. Gois, Chem. Eur. J. 2016, 22, 1631-1637.
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LONG RANGE Pd-CATALYZED C-H FUNCTIONALIZATION
OF AMINO ACIDS
Juan Carlos Carreteroa,b
a

Departamento de Química Orgánica, Facultad de Ciencias,
Universidad Autónoma de Madrid (UAM), 28049 Madrid

b

Institute for Advanced Research in Chemical Sciences (IAdChem), UAM
e-mail: juancarlos.carretero@uam.es

Keywords: -Amino acid, C-H functionalization, palladium catalysis, remote functionalization
Due to the crucial role of -amino acids in many research areas the direct C-H
functionalization, especially at their remote C-H positions, is of great interest in current organic
synthesis and preparation of nonproteinogenic amino acids.[1]
This talk describes some novel Pd-catalyzed C-H functionalization reactions recently
developed or underway in our group, with especial focus on the arylation, carbonylation,
acetoxylation and alkenylation at CCCor even more distant C-H positions.[2] In these
procedures the use of the directing 2-pyridylsulfonyl group bonded to the nitrogen typically
induces a high selectivity, providing structurally complex amino acid derivatives in a single step
with usually broad functional group tolerance.

References
[1] For some recent reviews, see: a) C. He, W. G. Whitehurst, M. J. Gaunt; Chem 2019, 5, 10311058. b) Q. Zhang, B.-F. Shi; Chem. Sci., 2021, 12, 841-852.
[2] a) E. Hernando, J. Villalva, A. M. Martínez, I. Alonso, N. Rodríguez, R. Gómez-Arrayás, J. C.
Carretero; ACS Catal. 2016, 6, 6868-6882. b) M. Martínez-Mingo, N. Rodríguez, R. GómezArrayás, J. C. Carretero; Org. Lett. 2019, 21, 4345-4349. c) M. Martínez-Mingo, A. García-Viada,
I. Alonso, N. Rodríguez, R. Gómez-Arrayás, J. C. Carretero; ACS Catal. 2021, 11, 5310-5317.
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NEW VENUES IN SUPRAMOLECULAR ANION-BINDING CATALYSIS
Olga García Mancheñoa
a

Westfälische Wilhelms-University of Münster, Organic Chemistry Institute, Corrensstraße 36,
49148 Münster, Germany
e-mail: olga.garcia@uni-muenster.de

Keywords: Organocatalysis, Anion-Binding Interactions, Enantioselective Catalysis
In the past few years, anion-binding organocatalysis have become a promising new
catalytic strategy to promote highly enantioselective chemical reactions.[1] In this regard, we have
recently introduced helical chiral triazoles as versatile multidentate H-donor structures.[2] Their
cooperative multidentate character permits the use of very low loadings (down to 0.05 mol%),
while effecting an efficient transfer of chirality from the chiral contact ion-pairRformed upon binding
A
of the catalyst to a simple achiral anion to the final product.
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[1] a) K. Brak, E. N. Jacobsen, Angew. Chem. Int. Ed. 2013, 52, 534; b) M. Mahlau, B. List, Angew.
*518; c) S. Beckendorf, S. Asmus, O. García Mancheño, ChemCatChem
Chem. Int. Ed. 2013, 52,Product
2012, 4, 926; d) O. García Mancheño, Anion-Binding Catalysis, Wiley-VCH, Weinheim, 2022.
[2] M. Zurro, S. Asmus, S. Beckendorf, C. Mück-Lichtenfeld, O. García Mancheño, J. Am. Chem. Soc.
2014, 136, 13999.
[3] a) O. García Mancheño, S. Asmus, M. Zurro, T. Fischer, Angew. Chem. Int. Ed. 2015, 54, 8823;
b) T. Fischer, J. Bamberger, M. Gómez-Martínez, D. G. Piekarski, O. García Mancheño, Angew.
Chem. Int. Ed. 2019, 58, 3217; c) M. Gómez-Martínez, M. C. Pérez-Aguilar, D. G. Piekarski, C. G.
Daniliuc, O. García Mancheño, Angew. Chem. Int. Ed. 2021, 60, 5102.
[4] D. G. Piekarski, P. Steinforth, J. Bamberger, M. Gómez-Martínez, M. Schönhoff, O. García
Mancheño, Chem. Eur. J. 2020, 26, 17598.
[5] M. Gómez-Martínez, M. C. Pérez-Aguilar, D. G. Piekarski, C. G. Daniliuc, O. García
Mancheño, Angew. Chem. Int. Ed. 2021, 60, 5102.
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GAIN BY STRAIN: DONOR-ACCEPTOR CYCLOPROPANES TO ACCESS
CARBO- AND HETEROCYCLIC COMPOUNDS
Daniel B. Werz,a
a

Technische Universität Braunschweig, Institute of Organic Chemistry, Hagenring 30,
38106 Braunschweig, Germany
e-mail: d.werz@tu-braunschweig.de

Keywords: cyclopropanes, donor-acceptor systems, strain, Lewis acid catalysis, sulfur
Donor-acceptor cyclopropanes (DACs) are highly strained entities which are unique
building blocks for hetero- and carbocyclic systems.1,2 For the last decade, we have been
developing novel methodologies starting from these type of three-membered rings leading to
oligopyrroles, chalcogen-containing heterocycles, and 1,3-bisfunctionalized products,3 just to
name a few. To get deeper insights into their intrinsic reactivity in-depth physical organic studies
were performed recently.4
Besides the common activation of DACs by Lewis acids leading to a wide variety of ringopening and cycloaddition products even synergistic catalytic approaches can be applied to
generate fleeting intermediates which react with the strained systems. Scheme 1 depicts two
representative examples, one using Lewis acid and Rh catalysis (affording intermediate carbonyl
ylides)5 and another using Lewis acid and redox catalysis are presented.6
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[1] H.-U. Reissig, R. Zimmer, Chem. Rev. 2003, 103, 1151.
[2] T. F. Schneider, J. Kaschel, D. B. Werz, Angew. Chem. Int. Ed. 2014, 53, 5504.
[3] a) J. Kaschel, T. F. Schneider, D. Kratzert, D. Stalke, D. B. Werz, Angew. Chem. Int. Ed.
2012, 51, 11153; b) A. U. Augustin, M. Sensse, P. G. Jones, D. B. Werz, Angew. Chem. Int. Ed.
2017, 56, 14293; c) L. K. B. Garve, P. G. Jones, D. B. Werz, D. B. Angew. Chem. Int. Ed. 2017,
56, 9226.
[4] A. Kreft, A. Lücht, J. Grunenberg, P. G. Jones, D. B. Werz, Angew. Chem. Int. Ed. 2019, 58,
1955.
[5] M. Petzold, P. G. Jones, D. B. Werz, Angew. Chem. Int. Ed. 2019, 58, 6225.
[6] A. Lücht, L. J. Patalag, A. U. Augustin, P. G. Jones, D. B. Werz, Angew. Chem. Int. Ed.
2017, 56, 10587.
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NEW METHODS BASED ON HALOGEN-ATOM TRANFER (XAT)
REACTIVITY
Daniele Leonoria,b
a

Institue of Organic Chemistry, RWTH-Aachen University, Aachen, Germany
b

Department of Chemistry, University of Manchester, Manchester, UK
e-mail: daniele.leonori@rwth-aachen.de

Keywords: radical chemistry, halogen-atom transfer, photocatalysis, cross-coupling

Organic halides are valuable building blocks for the generation of alkyl and aryl radicals.
However, their applications in photoredox catalysis can be difficult owing to their very negative
reduction potentials.
We have recently demonstrated that strongly reducing systems are not required for the
homolytic activation of these species under photoredox conditions. This is due to the unique ability
of -aminoalkyl radicals to undergo halogen-atom transfer with alkyl/aryl iodides and alkyl
bromides.[1] This blueprint for halide activation has been applied to the development of Giese
reactions, radical allylation processes as well as Heck-type cross-couplings with styrene
acceptors.
Furthermore, integration of XAT reactivity with copper catalysis and cobalt catalysis has
been used for the SN2-like amination of secondary alkyl iodides[2] and for the formation of contrathermodynamic olefins via new type of radical E2 reactivity.[3]

XAT with a-aminoalkyl radicals
X

R

N
R

alkyl & aryl
halides

R

alkyl & aryl
radicals

References
[1] T. Constantin, M. Zanini, A. Regni, N. S. Shikh, F. Julia', D. Leonori Science 2020, 367,
1021–1026.
[2] B. Gorski, A.-L. Barthelemy, J. J. Douglas, F. Julia, D. Leonori Nat. Catal. 2021, 4, 623–630.
[3] H. Zhao, A. McMillan, T. Constantin, R. Mykura, F. Julia and D. Leonori J. Am. Chem. Soc.
2021, 143, 14806–14813.
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DIELS-ALDER CASCADES FOR THE SYNTHESIS OF FUSED NHETEROCYCLES
Nicolas Blancharda
a

CNRS/Université de Haute-Alsace/Université de Strasbourg

LIMA UMR 7042, Institut de Recherche Donnet ; 3 bis rue Werner, 68093 Mulhouse, France
e-mail: n.blanchard@unistra.fr
Keywords: Cycloaddion, Diels-Alder, heterocycles
Pyrimidines are almost unreactive partners in Diels−Alder cycloadditions with alkenes and
alkynes, and only reactions under drastic conditions have previously been reported. We will
discuss how 2-hydrazonylpyrimidines, easily obtained in two steps from commercially available
2-halopyrimidines, can be exceptionally activated by trifluoroacetylation. This allows a
Diels−Alder cycloaddition under very mild reaction conditions, leading to a large diversity of azaindazoles, a ubiquitous scaffold in medicinal chemistry.
Pericyclic
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This reaction is general and scalable and has an excellent functional group tolerance. A
straightforward synthesis of a key intermediate of Bayer’s Vericiguat illustrates the potential of
this cycloaddition strategy. Quantum mechanical calculations show how the simple Ntrifluoroacetylation of 2-hydrazonylpyrimidines distorts the substrate into a transition-state-like
geometry that readily undergoes the intramolecular Diels−Alder cycloaddition.[1-6]
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[3] Le Fouler, V.; Duret, G.; Bisseret, P.; Blanchard, N. Tetrahedron Lett. 2018, 59, 3349.
[4] Duret, G.; Quinlan, R.; Yin, B.; Martin, R. E.; Bisseret, P.; Neuburger, M.; Gandon, V.;
Blanchard, N. J. Org. Chem. 2017, 82, 1726
[5] Duret, G.; Quinlan, R.; Martin, R. E.; Bisseret, P.; Neuburger, M.; Gandon, V.; Blanchard, N.
Org. Lett. 2016, 18, 1610.
[6] For a review : Duret, G.; Le Fouler, V.; Bisseret, P.; Bizet, V.; Blanchard, N. Eur. J. Org.
Chem. 2017, 6816.
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RAPID INFLUX OF MOLECULAR COMPLEXITY
BY NUCLEOPHILIC BORYL TACTICS
Elena
Fernándeza
aDept. Química Física i Inorgànica, Universitat Rovira i Virgili,
Tarragona e-mail: mariaelena.fernandez@urv.cat
Keywords: α-boryl carbanions, borata-alkene, tertiary boronic esters,
1,2- dicarbofunctionalizations
The chemistry of stabilized α-boryl carbanions shows a remarkable diversity, enabling
unprecedented synthetic routes towards efficient C-C bond formation.[1] Their inherent
stability is due to the valence deficiency of the adjacent three coordinate boron center,
described as a borata-alkene resonance form.[2] Interestingly, the nucleophilic reactivity of αboryl carbanions towards organic electrophiles has been established but also quantified,
depending on the nature of the countercation and the boryl moieties.[3]
Access to α-boryl carbanions is principally addressed via deborylation of gem-diboryl
alkanes or deprotonation of α-hydrogen from an organoborane compound. A complementary
method based on the selective addition of a nucleophile to the terminal carbon of 1,1-arylboryl
alkenes, demonstrates the accessibility and stability of the borata-alkenes specie which are
further alkylated by trapping with primary and secondary alkyl halides (Scheme 1). We
envisioned this goal through engaged C(sp3) chemical entities avoiding metal catalysts,
additives, radical initiators or specific irradiation. This reaction guarantees that the new
tetrasubstituted carbon formed retains all the C atoms from the starting materials and reagents
involved in the assembly.

[1] A. B. Cuenca, E. Fernández, Chem. Soc. Rev., 2021, 50, 72–86
[2] R. J. Maza, J. J. Carbó, E. Fernández, Adv. Synth. Catal. 2021, 363, 2274–2289.
[3] R. J. Maza, J. J. Carbó, E. Fernández, Chem. Eur. J. 2021, 27, 12352–12361.
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CYCLOADDITIONS OF EPOXY AND AZIRIDINYL ENOLSILANES
Pauline Chiu, Yueyao Chen, Jesse Ling, and Yufen Zheng
Department of Chemistry and The State Key Laboratory of Synthetic Chemistry,
The University of Hong Kong, Pokfulam Road, Hong Kong, P. R. China
e-mail: pchiu@hku.hk
Keywords: (4+3) cycloadditions, (3+2) cycloadditions epoxides, aziridines

The vast majority of natural products, bioactive molecules and drugs possess rings.
Methodologies to assemble these structures bearing functional groups that facilitate further
transformations are needed, and synthetic routes towards such natural products are often built
around the key reactions that provide access to the rings.[1,2]
Our group has been working on the cycloadditions, particularly intramolecular
cycloadditions, that employ epoxy or aziridinyl enolsilanes as dienophiles. Governed by the
stereochemistry of the oxirane or aziridine, these reactions ultimately contribute stereo-defined
1,3-hydroxy or 1,3-aminocarbonyl motifs to provide seven-membered cycloadducts.3 We have
applied this reaction towards the synthesis of cortistatin A,4 and himandrine.5
We have also found that epoxy or aziridinyl enolsilanes react as enophiles in (3+2)
cycloadditions with acyclic dienes and olefins.[6] In this presentation, we will report the latest
developments of the reactions of these epoxy and aziridinyl enolsilanes, as well as our efforts
towards applying these cycloadditions to the synthesis of natural products.
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[1] Z. Yin, Y. He, P. Chiu, Chem. Soc. Rev. 2018, 47, 8881.
[2] F. Hu, J. P. L. Ng, Chiu, P. Synthesis 2019 51, 1073.
[3] W. K. Chung, S. K. Lam, B. Lo, L. L. Liu, W. T. Wong, P. Chiu, J. Am. Chem. Soc. 2009,
131, 4556; E. H. Krenske, S. Lam, J. P. L. Ng, B. Lo, S. K. Lam, P. Chiu, K. N. Houk, Angew.
Chem. Int. Ed. 2015, 54, 7422.
[4] L. Kuang, L. L. Liu, P. Chiu, Chem.-Eur. J. 2015, 21, 14287.
[5] J. He, Z. Chen, W. Li, K. H. Low, P. Chiu, Angew. Chem. Int. Ed. 2018, 57, 5253.
[6] Y. Chen, J. Ling, A. B. Keto, Y. He, K. H. Low, E. H. Krenske, P. Chiu, Angew. Chem. Int. Ed.
2022, e202116099.
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CATALYTIC ENANTIOSELECTIVE 1,2REARRANGEMENT
Jieping Zhu
Laboratory of Synthesis and Natural Products, Institute of Chemical Sciences and
Engineering, Ecole Polytechnique Fédérale de Lausanne, EPFL-SB-ISIC-LSPN, Switzerland
Jieping.Zhu@epfl.ch

Keywords: Asymmetric synthesis, anionotropic rearrangement, Wagner-Meerwein, pinacol

Rearrangement reaction is a broad class of organic transformations involving the
migration of an atom or a group from one center (migration origin) to another (migration
terminus) within the same molecule.[1] Such bond reorganization process affords a structural
isomer of the original substrate allowing, in many cases, the construction of molecular
frameworks not easily accessible by other approaches. One particular group of rearrangement
proceeds through a carbenium intermediate before the stereocenter-generating C-C/C-X bond
forming process.[2] The involvement of highly reactive carbocation species renders the
stereoinduction difficult to realize and indeed in many cases, chiral Lewis acid catalysts fail due
to the lack of anchoring points. In this talk we will present our recent work on the chiral Brønsted
acid-catalyzed enantioselective 1,2-anionotropic rearrangement and their application in the
synthesis of natural products as well as bioactive compounds.[3]

References
[1].
For a review, see: B. Delayre, Q. Wang, J. Zhu. ACS Cent. Sci. 2021, 7, 559.
[2].
For a review, see: H. Wu, Q. Wang, J. Zhu. Eur. J. Org. Chem. 2019, 1964.
[3].
a) H. Wu, Q. Wang, J. Zhu, Angew. Chem. Int. Ed. 2016, 55, 15411; b) H.
Wu,Q.Wang, J. Zhu, Angew. Chem. Int. Ed. 2017, 57, 5858; c) H. Wu, R. Andres, Q.
Wang, J. Zhu, Angew. Chem. Int. Ed. 2019, 58, 499; d) H. Wu, Q. Wang, J. Zhu, J.
Am. Chem. Soc. 2019, 141, 11372; f) Y.-P. He, H. Wu, Q. Wang, J. Zhu, J. Am. Chem.
Soc. 2021, 143, 7320.
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AUTONOMOUS SYNTHESIS AT THE ORIGIN OF LIFE UNDER TRANSITION
METAL CATALYSIS
Joseph Morana
a

ISIS, University of Strasbourg

e-mail: moran@unistra.fr
Keywords: prebiotic chemistry, metabolism, transition metal catalysis
A grand challenge for understanding the origin of life is showing how synthetic reaction
networks might have emerged and operated autonomously on the prebiotic Earth. However, the
nonenzymatic reaction networks demonstrated thus far that produce multiple classes of
biomolecules are not autonomous, since they require guidance from the experimenter for timed
changes in reagents, solvents and conditions from one reaction to the next.[1,2] Here, we report a
synthetic reaction network starting from oxaloacetate and glyoxylate that hydrogenates
bicarbonate and synthesizes α-keto acids,[3] amino acids,[4] and N-carbamoyl amino acids,[5]
including two biosynthetic precursors to nucleobases. All reactions occur together in water at
room temperature without guidance from the experimenter, using ppm levels of a transition metal
as catalyst. The network bears a strong resemblance to the metabolic core of ancient microbes,
relying on H2 gas or formate to drive reductive reactions and on ammonium as nitrogen source.
The outstanding catalytic properties of transition metals could have initiated life’s chemical selforganization.[6]
References
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[2] C. Richert, Nat. Commun. 2018, 9, 5177.
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[4] R. J. Mayer, H. Kaur, S. A. Rauscher, J. Moran, J. Am. Chem. Soc. 2021, 143, 19099–
19111.
[5] J. Yi, H. Kaur, W. Kazöne, S. A. Rauscher, L. Gravillier, K. B. Muchowska, J. Moran, Angew.
Chem. Int. Ed. 2022, 61, e202117211.
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ORGANOCATALIZED CYCLISATION REACTIONS. SYNTHESIS OF
TETRAHIDROPYRAN SKELETONS AND SPYROCYCLIC COMPOUNDS.
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Keywords: Organocatalysis, γ-Dipeptides, Michael-Henry-Acetalization reaction, [4+2] reaction
Inter- and intramolecular cyclization reactions are present in many synthetic processes [1] as well as in
the biosynthesis of natural products. For these reasons, the design of methodologies to obtain new
drugs and biologically active compounds has been enhanced.
The synthesis of chiral tetrahydropyran (THP) scaffolds has attracted great interest due to their wide
abundance in natural products and pharmaceuticals.[2] Among the possible synthetic methods, the
asymmetric organocatalytic cascade reactions are particularly attractive.[3] Cossío’s group has
developed diverse densely substituted pyrrolidine based organocatalysts. Encouraged by their
efficiency in different reactions,[4] the catalytic activity of the two best γ-dipeptides was extended
towards the chemical synthesis of bicyclic THP-containing compounds yielding the desired products
with excellent diastereo- and enantiomeric control.
On the other hand, the construction of chiral spirocycloalkanone cores, is an important task in organic
synthesis because they are key intermediates in the synthesis of natural spirocyclic compounds. [5]
Aside the previous studies in enamine catalysis, our group has been studied the asymmetric DielsAlder reactions via trienamine catalysis to provided enantiomerically enriched spyrocyclic compounds.

References
[1] H. Suga, K. Itoh, in Methods and Applications of Cycloaddition Reactions in Organic Syntheses,
Nishiwaki, N. Ed., Wiley: Weinheim, 2014, p. 175.
[2] a) M. Bielitza, J. Pietruszka Angew. Chem. Int. Ed. 2013, 52, 10960-10985. b) C.F. Nising, S. Bräse
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STEREOSELECTIVE SILYL- PRINS CYCLIZATION OF ALKENYLSILYL
ALCOHOLS: AN USEFUL TOOL FOR THE SYNTHESIS OF OXACYCLES
Asunción Barbero a, Carlos Díez-Poza b, Laura Fernández-Peña a, Paula González-Andrés a
a
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Keywords: Prins cyclization, organosilanes, oxacycles, stereoselectivity
Polycyclic natural products containing heterocyclic units are abundant in nature.[1] The
complex ring skeletons of these compounds has inspired numerous research groups to explore
new
synthetic
methods
for
the
stereoselective
synthesis
of
heterocycles.
On the other hand, the use of silicon-containing compounds in the synthesis of natural products
has proven to be a powerful tool. For the past years our research group has been involved in the
development of strategies for the synthesis of heterocycles[2,3] starting from vinyl- or allylsilanes.
Now we here present an approach to the synthesis of oxacycles by means of a Prins
reaction of alkenyl alcohols with aldehydes[4] (Scheme 1).

Scheme 1 Synthesis of oxacycles by silyl-Prins cyclization

[1] P. González-Andrés, L. Fernández-Peña, C. Díez-Poza, C. Villalobos, L. Nuñez, A. Barbero,
Mar. Drugs 2021, 19, 78. https://doi.org/10.3390/md19020078
[2] (a) A. Barbero, A. Diez-Varga, F. J. P ulido, A. González-Ortega, Org. Lett. 2016, 18, 1972–
1975. (b) A. Barbero, A. Diez-Varga, M. Herrero, F. J. Pulido, J. Org. Chem. 2016, 81, 2704–
2712.
[3] (a) A. Barbero, A. Diez-Varga, F. J. Pulido, Org. Lett. 2013, 15, 5234–5237. (b) A. Diez-Varga,
H. Barbero, F. J. Pulido, A. González-Ortega, A. Barbero, Chem. Eur. J. 2014, 20, 14112–14119.
[4] C. Díez-Poza, A. Barbero, Org. Lett. 2021, 23, 8385–8389.
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Keywords: Diarylethylamines, Smiles rearrangement, photocatalysis, difunctionalization of
alkenes
Nature’s secondary metabolites as well as de novo designed small molecule chemical
probes are significantly populated with N atoms. Among the wide variety of N-containing motifs,
non-symmetrical β,β-diarylethylamine scaffolds are ubiquitous in many important agrochemicals
and pharmaceuticals. Thrombin inhibitors, opiate alkaloids and endogenous neurotransmitters
are just a few representative examples of biologically relevant molecules featuring this motif.
Access to enantiomerically pure compounds is crucial not only for accurate studies on cellular
target engagement but also for the optimization of pharmacological properties.
Difunctionalization of alkenes represent a powerful strategy in this context, as both C-C
and C-N bonds are formed in a single operation with the possibility of attaining excellent levels of
both absolute and relative stereocontrol.
Inspired by the ability of a sulfoxide moiety to induce enantioselectivity in the radical Smiles
rearrangement to access α-all-carbon quaternary substituted acyclic amides, recently described
by us, [1] we envisioned applying the concept of a traceless chiral auxiliary to the aminoarylation
of alkenes.

Herein we present a protocol for the asymmetric aminoarylation of olefins enabled by
combination of radical cation chemistry, traceless chiral auxiliary and Smiles-Truce
rearrangement under photoredox conditions. Broad functional group tolerance, mild reaction
conditions and high level of stereocontrol secure both the generality and synthetic utility of the
reaction.[2]
References
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FROM RACEMIC TO ENANTIOSELECTIVE FUNCTIONALIZATION OF
DOUBLE BONDS MEDIATED BY VISIBLE LIGHT PHOTOCATALYSIS
Leyre Marzo*, Noelia Salaverri, Benedetta Carli, José Alemán*
a

Organic Chemistry Department, Universidad Autónoma de Madrid, 28049 Madrid, Spain.
e-mail: leyre.marzo@uam.es

Keywords: Photocatalysis, visible light, double bonds, asymmetric synthesis.
In the past decade, visible light photocatalysis has become an excellent tool to perform
chemical transformations in a more economical and environmentally friendly way. In these
reactions, the photocatalyst harvests the energy of visible light and transfers it to other substrates
triggering new transformations. The main activation modes include energy transfer or electron
transfer; therefore, the matching of excited-state energies and redox potentials of the sensitizer
and the reactive substrate is crucial for a successful outcome of the reactions. Herein we present
several synthetic methods to functionalize double bonds using those activation modes. On one
hand, styrene derivatives underwent the De Mayo reaction with electron deficient aza-arenes,
which afforded an excellent tool to prepare larger libraries of bioactive compounds.1 In fact, the
applicability of the method was demonstrated through the late-stage functionalization of several
natural products. On the other hand, electron deficient double bonds were functionalized with
remote alkyl radicals generated using the proton coupled electron transfer (PCET) activation
mode. Initially, non-stabilized alkyl radicals were successfully coupled with di-activated double
bonds in a racemic manner, and its combination with a consecutive organocatalytic process
allowed the synthesis of more complex structures.2 Later, the enantioselective version could be
developed under chiral Lewis acid catalysis.3 This second methodology allows the introduction of
alkyl chains of any length in mono-activated electron deficient double bonds in good yields and
very good enantioselectivities.
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TRANSITION METAL CATALYZED CYCLIZATIONS AND
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Transition metal complexes, owing to their multiple coordination and activation properties,
offer excellent opportunities for the development of novel catalytic cycloaddition and
cycloisomerization processes using non-activated CC unsaturated substrates, such as alkynes,
allenes or alkenes.[1]
In this context, we have reported during the last decade several cycloaddition methods
based on the use of gold, palladium or platinum catalysts, among others.[2] In this communication,
I will provide a brief overview of some of our most recent results, with a special focus on
cycloisomerization processes based on iridium catalysts as well as on cycloaddition methods
promoted by low-valent cobalt catalysts.[3]
A particular emphasis will be paid to the development of enantioselective variants, the
understanding of the mechanistic bases that govern these metal-catalyzed processes as well as
to their applications to the synthesis of relevant polycyclic products.
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The combination of two distinct asymmetric transition-metal-catalyzed reactions in one pot,
although it presents a challenge regarding the control of an exponentially increased reaction
condition variables, display benefits that overcome the aforementioned problem, such as
increased operational simplicity, enhanced enantioselectivity and furthermore give selective
access to all possible stereoisomers.[1]
This work demonstrates the feasibility to combine sequentially a palladium-catalyzed
asymmetric allylic alkylation followed by a rhodium-catalyzed enantioselective 1,4-conjugate
addition achieving the transformation of easily accessible allyl enol carbonates into cyclic ketones
bearing two non-contiguous stereocenters, not only efficiently but also in a highly diastereo- and
enantioselective manner.[2]
This reaction platform, regarding the independence of the two featured catalytic reactions,
allows the combination of enantiomers of each of the chiral ligands to give selective access to all
the possible stereoisomers with excellent results. [3]
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Recently, the catalytic metal-hydride hydrogen atom transfer reaction (MHAT) has
emerged as a powerful platform to develop new transformations via radical pathways.[1]
Employing earth-abundant non-toxic metals such as Fe, Mn, or Co in combination with a hydrogen
source, carbon-centered radicals can be readily generated from non-activated alkenes under mild
conditions with good regioselectivity, site-selectivity and broad functional group tolerance. As part
of our contribution to this growing field we have developed several new C-C bond-forming
reactions, demonstrating for the first time that ketones,[2a] aldehydes,[2b] hydrazones[2c] and
tosylhydrazones[2d] can be used as acceptor groups, thus generating a diverse array of structures.
The object of this presentation is to discuss our ongoing progress in the application of these
methodologies, in particular focusing on the ability of these reactions to generate sterically
congested structures that would be difficult to achieve using traditional methods. Applications to
be discussed include (a) Novel disconnection approaches for total synthesis in the field of
presilphiperfolanols,[3] (b) synthesis of chiral adamantanamines for use as building blocks in
pharmaceutical synthesis[4] and (c) the development of novel tandem reactions to access
quaternary centers.[5]
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Due to the rich chemistry of alkenes as functional groups, the presence of a vinyl moiety in
a given structure enables a myriad of opportunities for diversification and elaboration via
epoxidation, dioxygenation, aziridination, carbofuntionalization, Heck-type arylation,
hydroamination or metathesis, among others.[1] However, the introduction of a vinyl group into a
molecule is currently limited by the access to a suitable C2-reagent or its reactivity profile. For
example, the use of vinyl halides as electrophiles in cross-couplings has been hampered by the
difficult handling of these compounds, gaseous under atmospheric conditions, which is further
aggravated by their acute toxicity and carcinogenic effects.[2] Numerous vinylating reagents have
been developed over the years, but most of them are actually prepared in several steps from vinyl
bromide itself, display high toxicity, low stability or are poorly reactive.
Ethylene is an inexpensive feedstock gas (annual production >100 million tons)[3] but their
use in the synthesis of complex target molecules is rare owing to the high temperature and/or
pressure required, which reduces its utility in densely functionalized environments. We have
designed a strategy to trap ethylene gas (1 atm) and transform it into a practical, bench-stable
and crystalline reagent.[4] Vinyl thianthrenium (vinyl-TT) is a solid that can be stored indefinitely
at room temperature under open air without signs of decomposition. Remarkably, it can be
accessed in one step directly from feedstock ethylene gas in decagram scale and isolated by
simple precipitation, which also represents an interesting route for isotopic labelling when
prepared from relatively inexpensive d4- or 13C-ethylene. Despite its high stability, vinyl-TT
displays a rich reactivity profile and was successfully implemented in several polar, radical and
cross-couplings reactions, leading to the efficient introduction of this valuable C2-synthon in
different settings.
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-Monohalogenated imines have proved as invaluable intermediates in the synthesis of
nitrogen-containing heterocycles and -haloamines due to the presence of two contiguous
electrophilic positions.[1]
The main strategies proposed for the generation of halogenates ketimines include
electrophilic halogenation of imines/enamines or condensation of -halogenated ketones with
amines.[2]
Both procedures present serious disadvantages. The electrophilic halogenation conveys
low regioselectivity and formation of polyhalogenated products. On the other hand, condensation
of
-halogenated ketones is very sensitive to steric hindrance, provides low selectivity,
and commonly requires the use of high excess of amines. Furthermore, purification and isolation
of
-monohalogenatedketimines is challenging due to their facile hydrolysis
and has not yet been achieved. Thus, the use of this valuable intermediates in the presence of
undesirable substances is unavoidable and may complicate following transformations.
Here we present a straightforward methodology for the preparation of chloromethylketimines in high yields with total selectivity and full atom economy making
unnecessary any purification step. The new synthetic method comprises the gold (I)-catalyzed
hydroamination reaction of chloroalkynes. Complete conversions into the desired products have
been observed with aromatic amines and both aliphatic and aromatic chloroalkynes with catalyst
loads as low 1 mol %. This powerful proposed route is also applicable for substrates presenting
electron donating or withdrawing groups or high steric hindrance. The preparation of versatile
building-blocks as indoles and b-chloroamines through one-pot two step procedures using this
new strategy demonstrates its synthetic usefulness.
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The synthesis of chiral fused polycyclic cores has great importance since these structures
are found in a number of functional and biologically active natural products (Figure 1). The
preparation of such molecules usually relies in the use of the chiral pool strategy or the use of
chiral auxiliaries.[1]

Figure 1. Examples of biologically active natural products with a trifused cyclic core.
In this communication we will show our latest developments in the use of metal-allyl
chemistry[2] for the preparation of a range of compounds containing a trifused cyclic core, with
multiple stereogenic centers, in excellent diastereo- and enantioselectivities.
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Asymmetric anion-binding catalysis has emerged as a powerful tool in Organic Synthesis.[1]
This strategy relies on molecular recognition of negatively charged species of cationic
substrates/intermediates by chiral neutral H-bond donor organocatalysts in combination with,
mainly, other non-covalent interactions. Over the years, we have exploited the reactivity of
formaldehyde N-tert-butylhydrazone as C-nucleophile in diverse enantioselective additions to
carbonyl compounds employing bifunctional H-bonding organocatalysts.[2] Inspired by these
results, additional cooperative H-bonding of N-tert-butylhydrazones to various anions was
envisioned as key interaction to generate highly ordered ion-pairs for the asymmetric
functionalization of cationic electrophiles. In this communication, we present the first application
of this strategy in the dearomatization of isoquinolines, providing suitable reactivity and excellent
stereocontrol in the formation of appealing diazenes with two contiguous stereogenic centers
(Scheme 1).[3] Experimental and computational data support the essential role of chloride as
template unit for simultaneous H-bonding of thiourea catalyst and hydrazone in bidentate
fashions. Mechanistic aspects of this working model and further expansion of the methodology to
other substrates and/or reagents will be also discussed.

Scheme 1
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The asymmetric allylic alkylation (AAA) reaction lies amongst the most powerful strategies
for the catalytic construction of C-C bonds in stereoselective manner. The pioneering works of
Trost on the Pd-catalyzed AAA,[1] together with the seminal reports of Kim and Lu on the organic
Lewis base catalyzed AAA of Morita-Baylis-Hillman (MBH) derivatives,[2] established the
foundations of both the transition-metal catalyzed and the organocatalytic versions. Since then,
extensive efforts have been devoted to expanding their generality and harness their asymmetric
potential. Yet, these transformations are mainly restricted to the use of stabilized C-nucleophiles,
such as alkali-metal salts, active methylene compounds or a-enolizable carbonyls (Figure 1A).
Conversely, the use of non-stabilized nucleophiles in AAA remains largely underdeveloped.
B. AAA with photogenerated C-nucleophiles

A. conventional AAA with stabilized C-nucleophiles
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Figure 1. (A) Conventional asymmetric allylic alkylation with stabilized C-nucleophiles. (B)
Asymmetric allylic alkylation of Morita-Baylis-Hillman carbonates with photogenerated Cnucleophiles.
In this communication will be presented diverse unconventional asymmetric allylic alkylation of
MBH adducts.[3] On the one hand, the light-triggered asymmetric allylic benzylation of MBH
carbonates with 2-methyl benzophenone derivatives as nonstabilized, photogenerated Cnucleophiles is achieved under a dual activation strategy (Figure 1B).[4] The benzylated products
bearing tertiary and quaternary allylic stereocenters are obtained in good yields and moderate to
good enantioselectivities. Mechanistic investigations revealed that the light-mediated
isomerization of the electrophilic catalytic intermediates is the cause of the observed asymmetric
induction. This methodology can be implemented into a microfluidic photoreactor setup for largescale continuous-flow synthesis. On the other hand, a highly diastereo- and enantioselective
asymmetric allylic alkylation of MBH adducts with silylated pronucleophiles will be also discussed.
This transformation is efficiently catalyzed with both chiral Lewis-bases and transition-metal
complexes providing high levels of reactivity and selectivity.[5]
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In previous work, our research group has reported that cyclocondensation reactions of
different cyclohexanone derivatives with enantiopure aminoalcohols such as (R)-phenylglycinol
or (1S,2R)-cis-1-amino-2-indanol led to the diastereoselective formation of a wide range of chiral
tricyclic lactams. Transformation of these scaffolds into the corresponding cisdecahydroquinolines (cis-DHQs) gave access to highly valuable synthetic intermediates that
allowed the total synthesis of various alkaloids.[1]

In an effort to expand the methodology scope and to obtain more complex alkaloids, we
have studied new cyclocondensation reactions using three dialkylated cyclohexanone derivatives
containing one of the substituents at a non-isomerizable position of the ring (R2). Gratifyingly,
these processes turned out to be highly stereoselective leading to the obtention of two out of the
sixteen possible diastereomeric lactams. These species have been transformed into the
corresponding enantiopure 5,8-, 6,8- and 7,8-disubstituted cis-DHQs. On this presentation, we
will show the results obtained on the cyclocondensation studies as well as the obtention of the
corresponding cis-DHQs and the application of the methodology to the ongoing total synthesis of
Schoberine B.
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MIU, Spain (grant FPU19/04160).
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Our group has recently reported a gold(I)-catalyzed approach for the synthesis of complex
hydroazulenes,[1] which are related to the daucane family of sesquiterpenes and related natural
products. Taking advantage of this new methodology, the gold(I)-catalyzed
cycloisomerization/cycloaddition cascade gives rise to a common intermediate 5/7-bicyclic
skeleton, which can be later converted into different naturally-occurring compounds such aspterric
acid, penigracid A and schisanwilsonene A.[2] Progress towards these synthetic goals will be
presented.
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The quest of sustainable chemistry has stimulated the development of new synthetic
methodologies to prepare valued chemicals in a safe, compact and energy-efficient manner with
a controlled reactivity while achieving molecular complexity with high efficiency levels. Among the
sustainable chemical transformations, chemoselective catalytic hydrogenations and hydrogen
auto-transfer reactions, including those involving new domino or tandem synthetic processes,
have attracted increasing interest in research laboratories and synthetic industry.
Key to successful development of these synthetic methodologies relies on the application
of non-noble metal-based catalysts with improved catalytic activity. In this context, molybdenum
disulfide (MoS2)-based catalysts have gained significant attention in recent times. However, it has
been confirmed that, within their lamellar structure, active sites are mainly located at the edges
whereas the basal planes are largely inert. Thus, because of the small perimeter-to-basal area
ratio of this type of catalysts, their catalytic activity is limited.
In this communication, innovative activation strategies to obtain highly efficient
molybdenum sulfide-based heterogeneous catalysts able to carry out selective transformations
in fine chemistry will be presented. Special emphasis will be given to the establishment of benign
and practical synthetic routes based on the hydrogenation of nitroarenes[1] and N-heteroarenes[2]
as well as for the efficient C-S[3] and C-N[4] bond formation through straightforward multistep onepot reactions.
CHEMOSELECTIVE
Hydrogenations
&
Hydrogen Auto-Transfer
Reactions

Molybdenum Sulfidebased Catalysts
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An interesting way to generate nucleophilic boron species is the activation of diboron compounds
with Lewis bases. This strategy has been sucessfully used to promote the transition-metal free
borylation of unactivated alkenes.[1] Surprisingly, the use of these conditions to promote the
borylation of strained alkenes, such as cyclopropenes, has not been explored to date. The
products are interesting diborylated cyclopropanes that have not been prepared before and,
therefore, their reactivity remains unexplored.
Following our work on the diboration of spirocyclobutenes,[2] we have achieved the first metal-free
diboration of cyclopropenes. By exploring the reactivity of the diborylated product, we have found
that, under previously reported conditions,[3] the mono-cross-coupling reaction with several
electrophiles could be performed. In addition, the enantioselective desymmetrization of the
diboronyl products through a Suzuki-Miyaura[4] reaction was possible with the help of a chiral
ligand.
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Xavier Just-Baringo
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Antibiotic resistance is an increasing concern worldwide. Accumulation of antibiotics in the
environment increases the evolutionary pressure on microorganisms, which evolve and adapt at
a great pace. Moreover, the number of new antibiotic classes entering the pipeline has been
alarmingly low during the last decades.[1] Although new antimicrobials are still needed, a change
of paradigm on how we fight bacterial infections is on high demand as new drugs are bound to
suffer from the emergence of resistances as well.[2] On this regard, gaining the ability to switch
drugs on and off offers a unique opportunity to avoid the release of active drugs into the
environment, thus reducing the chances of resistance arising and disseminating. In particular,
visible light can be used as a clean and harmless stimulus to modulate the shape of a molecule
and thus, its biological profile.

The introduction of a novel tetra-ortho-chloroazobenzene amino acid (CEBA) has allowed us to
modulate the antimicrobial activity of tyrocidine A analogues using exclusively visible light,
granting spatiotemporal control under benign conditions.[3] Compounds bearing this
photoswitchable amino acid become active upon irradiation with red light, but quickly turn off upon
exposure to other visible light wavelengths. Critically, sunlight quickly triggers isomerisation of the
red light-activated compounds into their original trans isomer, offering an ideal platform for selfdeactivation upon release into the environment. Linear analogues of tyrocidine A were found to
provide the best photocontrol of their antimicrobial activity, leading to compounds active against
Acinetobacter baumannii or Streptococus pyogenes upon isomerisation.
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Keywords: Photoredox Catalysis, Quinoxalin-2-ones, Electrophilic Functionalization.
The use of visible light to trigger new synthetic transformations has been a hot topic since
the last decade[1]. In this context, the skeleton of quinoxalin-2-one was considered for us as a
privileged motif to explore some photochemical-based synthetic modifications, considering that it
can also be found in several natural and synthetic biologically active compounds[2]. In this
communication we are pleased to present our recent developments in the functionalization of
quinoxalin-2-ones at its C-3 position with several electrophiles using visible light.
First, we show our efforts in the amination of quinoxalin-2-ones using dialkyl
azodicarboxylates[3]. The reaction showed a rate increase while being irradiated and allowed us
to obtain a collection of aminated quinoxalin-2-ones. Moreover, this newly forged C-N bond could
be selectively cleavaged to prepare different derivatives.
Next, the radical 1,2-addition reaction of quinoxalin-2-ones to trifluoroacetophenones was
found for us as a powerful tool to install a trifluoromethyl-containing tertiary alcohol in the C-3
position of quinoxalin-2-one[4]. The generality of this transformation was studied as well as the
mechanism behind this transformation.
Finally, the same C-centered radical of quinoxalin-2-one used in the 1,2-addition was
tested in 1,4-addition (namely Giese reaction)[5]. To our delight, the reaction exhibited high
robustness and therefore it was applied to a vast assortment of electron-poor alkenes, even
several derived from either natural or biologically active compounds. An exhaustive mechanistic
analysis was also carried out, revealing a particular activation manner of quinoxalin-2-one toward
Single Electron Transfer events.
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We have witnessed during the last decade the great evolution that visible-light photoredox
catalysis has experienced as a powerful tool in organic synthesis and formation of new
compounds can be now tackle. In this context, generation of radical intermediates such as aryl
radicals and their subsequent trapping by the appropriate nucleophile is nowadays one of the
main strategies to obtain added-value products.[1] The use of milder conditions and “sometimes”
metal-free photocatalysts encompasses this methodology into the green principles from an
economical and environmental point of view.
Aryl phosphonates and their derivatives are fascinating moieties which present a widespread
applicability in scientific fields such as life science, materials or as ligand in catalysis.[2] On the
other hand, organoboron compounds, environmentally benign scaffolds, attract considerable
interest not only in organic synthesis (they can be easily transformed into any other functional
group) but also in other scientific areas of research, for example, as conjugated materials such
as organic electronic applications and LEDs manufacturing or antimicrobial agents in medicinal
chemistry.[3]
Therefore, exploration of new procedures for their construction under milder conditions appears
to be a challenge task. The question then arises whether production of new forming C(sp2)–
heteroatom (B, P) bonds can be achieved by visible light as energy source. Herein, we wish to
show our recent results on the phosphorylation and borylation of five-membered heteroarene
halides (Figure).[4] Regarding heteroarene phosphonates, a consecutive photoinduced electron
transfer mechanism has been employed whereas new boronic esters have synthesized following
a photocatalyst-free protocol. Interestingly, an easy-to-use gel nanoreactor has been used in both
strategies which has permitted to enhance the production rate and to protect against oxygen
poisoning.

Formation of heteroarene phosphonates and boronic esters by visible light irradiation.
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tetrasubstituted olefins, energy transfer catalysis, olefin photoisomerization

The Cu-catalyzed carboboration of internal alkynes with diboron reagents and carbonelectrophiles has emerged as a powerful strategy for the assembly of fully substituted alkenyl
boronates[1] This approach typically offers functional group tolerance and excellent levels of regioand -stereocontrol. However, the application of this reaction to activated alkynes bearing strong
electron-withdrawing substituents is recognized as challenging because of the decreased
nucleophilicity of the already poorly reactive alkenyl-copper(I) intermediate species. In this work,
we have developed a novel strategy based on cooperative Cu/Pd catalysis that enables
intermolecular carboboration of strongly activated alkynes with organic electrophiles and B2(pin)2.
The reaction proceeds via transmetalation between LPdR(X) and the β-borylalkenycopper
generated upon borylcupration of the alkyne, followed by reductive elimination, rendering
chemically versatile alkenylboronates with complete -regiocontrol and syn-addition selectivity.[2]
Additionally, access to the more challenging anti-addition stereochemistry has been
achieved through selective energy transfer catalysis.[3] The corresponding 1,2-anti-carboboration
products were obtained with excellent levels of stereocontrol (anti/syn up to >98:2) and almost
complete conversion upon Ir-photocatalyzed isomerization of the syn-configured tetrasubstituted
alkenyl boronates.[4] This stereodivergent access to tetrasubstituted syn- and anti-carboboration
products from electron-deficient internal alkynes has been successfully applied to alkynes
embedded in complex molecules, including natural product derivatives.
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Many fundamental organic transformations, mainly redox reactions and those that imply radical
intermediates, take place through a single-electron transfer (SET) process. Recently, it has been
discovered that diboron reagents can be activated in the presence of alkoxides and pyridines to
provide complexes A and B (Scheme 1, top), that behaved as super electron donors (SED) and
have been used to promote borylation reactions through a single-electron transfer (SET) process
(Scheme 1, pathway 1). [1]
We were attracted by the strongly reducing power of these diboron derived SEDs, their easy
preparation, as well as the accessibility of the starting materials. We decided to expand its utility
to different type of processes. Particularly, we have demonstrated that under the suitable
experimental conditions they can promote the selective thiolation of aromatic halides (Scheme 1,
pathway 2) versus the competitive borylation reaction.2]

Scheme 1. Precedent of borylation and developed thiolation of aromatic halides using SED.
The developed protocol allows C−S coupling through a SRN1 mechanism, and it is general for a
wide variety of substrates, representing a general and mild alternative to the previously reported
procedures. The value of this transformation has been proven by preparation of some drug
intermediates and bis- and tris-functionalized thioethers.
This strategy exemplifies the potential of SEDs in transformations different from the previously
described borylations and open access to other processes which are been studied in our
laboratory.
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trisubstituted alkenes ● stereoselectivity ● 1,1,-silylborylated conjugated dienes and diynes

We became interested to launch a systematic study on the olefination of aromatic and aliphatic
aldehydes in the presence of the reagent LiC[B]2[Si] ([B]= Bpin or Bhex, [Si]= SiMe3, SiMe2tBu,
SiPh2tBu) with the aim to get densely functionalised 1,1-silylborylated trisubstituted alkenes. The
introduction of silyl groups in the polyborylated reagent can be used as an alternative strategy to
control the stereoselectivity on the boron-Wittig reaction (Scheme 1).[1] We have found that
picolinaldehyde, thiophene-2-carbaldehyde and furan-2-carbaldehyde could be involved in
stereodetermining intermediates via intramolecular interaction of N, S or O with B. The
condensation of diborylsilylmethide lithium salts with α,β-unsaturated aldehydes provides a direct
pathway to synthesize 1,1,-silylborylated conjugated dienes and diynes.
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Scheme 1. Boron-Wittig reaction of aldehydes with LiC(Bpin)2(SiMe3) for stereoselective
trisubstituted alkene synthesis

[1] Cuenca, A. B.; Fernández, E. Chem. Soc. Rev., 2021, 50, 72.
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Sphingolipids play a central role in cancer processes. The dynamic balance between
Ceramide and Sphingosine-1-phosphate determines cancer cell fate. The inhibition of
Sphingosine Kinase 1 (SphK1) by sphingosine analogues has been reported to promote cell
apoptosis, thus creating new opportunities for cancer treatment.[1] With the rise of vicinal
fluoroamino moieties in anti-tumoral drugs,[2] we envisioned that the synthesis of C3-fluorinated
sphingosine analogues might lead to potential SphK inhibitors.

Scheme 1. Fluoroamination of allyl carbamates with hypervalent iodine as the key step
for the preparation of C3-fluorinated sphingosine analogues
The vicinal fluoroamino moiety can be afforded through intramolecular aziridination of allyl
carbamates followed by in situ ring opening with fluorine using hypervalent iodine reagents. In
this work we will explore the mechanism and the scope of this reaction using a battery of allyl
carbamates as model substrates, different types of Ar-I(III)-type reagents, and different fluorine
sources. An emphasis will be made in studying the substitution and the acidity of the carbamate
and how it affects the formation of the nitrene precursor.[3]

Acknowledgments: Mineco, Spain (CTQ2017-89750-R); URV for a predoctoral Martí Franquès
fellowship (2018PMF-PIPF-26).
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Beyond any doubt, the synthetic access to pharmaceutical drugs in a cheap, fast and
reliable way is one of the biggest challenges that chemistry faces nowadays. In the last decades,
medicinal chemists have synthesized biologically-active substances by applying robust
methodologies[1] that require previously functionalized building blocks, forcing the synthetic
chemist to repeat multi-step synthetic protocols from de novo for every single drug candidate.
Accordingly, chemical reactions that can edit efficiently advanced synthetic intermediates are
particularly interesting in order to expedite the access to unexplored parts of the chemical space.
Out of all U.S. FDA approved small molecule drugs, ca. 60% include at least one nitrogencontaining heterocycle[2]. Hence, synthetic methodologies for the modification of these
heterocyclic scaffolds, like pyridines, are highly valuable in the context of C–H late-stage
functionalization[3]. Since the seminal work by Minisci in the 70s[4], many efforts have been made
to overcome the challenging C–H edition of such moieties in a selective way[5]. However, these
strategies rely on the use of several additives like toxic, expensive transition metals and overstoichiometric oxidants. Therefore, an additive-free modification of N-heterocycles would be
highly desirable not only in the context of heterocyclic chemistry, but also in the synthesis of
biologically-active substances.
This presentation will disclose our recent efforts in the development of a multidisciplinary
methodology that lies in the intersection of synthetic photochemistry and microfluidic
technologies[6], to ultimately deliver a fast, selective, sustainable edition of ubiquitous pyridines
using inactivated alkanes.

Figure 1: Overview of the metal-free, selective alkylation of pyridines in flow
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Chiral nitrogen-containing compounds are very important targets in organic chemistry due
to the extensive biological properties shown over the years.[1] In this scenario, mild conditions and
synthetic operational simplicity including an enantioselective success is strongly desirable. In this
sense, asymmetric catalytic processes involving organocatalysis and/or photocatalysis have
enriched the synthetic toolbox of organic chemists on the last years. This contribution presents
two different approaches for the synthesis of highly enantioselective chiral nitrogen-containing
scaffolds.
The first approach (approach A) relies on an asymmetric organocatalytic process that
allows to obtain enantioenriched β-amino-nitro compounds in high yields (up to 98%) and
enantioselectivities (up to 99%). The key to this methodology is the presence of a hydroxyl group
at the ortho position at the aromatic ring that provokes an increasing in both reactivity and
enantioselectivity of the aza-Michael addition reaction to nitroolefins. It should be noted that this
procedure can also be applied under flow conditions.[2]
The second approach (approach B) is based on the application of photocatalysis using
visible light. This method allows to synthesize a family of cyclic β-amino carbonyl derivatives,
bearing three contiguous stereogenic centres, by an enantioselective [3+2] photocycloaddition
reaction between coordinated α,β-unsaturated acyl imidazoles and cyclopropylamine derivatives.
The success of this methodology relies on the formation of a chiral substrate-catalyst complex to
control the enantioselectivity and the photoredox reaction course.[3]
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Visible-light photocatalysis has been the object of unabated interest in the last few years,
but the development of catalytic enantioselective light-driven processes is still an extremely
challenging task.[1] The enantioselective intermolecular
-alkylation of aldehydes by
bromocarbonyls reported by MacMillan in 2008 through the merging of organocatalysis and
photoredox catalysis[2] was a ground-breaking achievement, that stimulated further research in
this field. In 2016, Gryko and co-workers disclosed that diazoacetates could also be employed as
the alkylating agents, in a dual catalytic system composed by a cyclic secondary amine and the
widely used Ru(bpy)3Cl2 complex as a photocatalyst.[3] Soon afterwards, joining efforts with the
groups of Zawada and Kadisch, they showed that simple porphyrins such as 5,10,15,20tetraphenylporphyrin (H2TTP) could also be used as the photocatalytic component.[4] From a
mechanistic point of view, both the Ru(II) complex and the H2TTP play the double role of
photosensitizers (generating triplet carbene from the diazoacetate) and of photoredox catalysts,
by a reductive quenching cycle of the intermediate enamine. It is worth noting however that these
authors had exclusively described the use of simple achiral cyclic amines (such piperidine and
morpholine), so that the products were always obtained as racemic mixtures.
In the light of our interest of new catalytic applications of porphyrins,[5] we were particularly
attracted by these reports. We disclose in this communication our efforts leading to the
development of a practical enantioselective version of the photocatalytic -alkylation of aldehydes
with diazoacetates, that takes place with complete conversion and with unprecedented
enantioselectivity (up to > 99.5% ee). The optimized methodology relies on the use of a watersoluble, recyclable sulfonated porphyrin (H2TTP-S4) as the photocatalyst, and of a simple
prolineamide derivative as a previously unrecognized enantioselective organocatalyst.
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During the last years, our group has maintained a sustainable chemistry research line,
mainly based on organocatalaysis,[1a] photocatalysis[1b] and catalytic materials.[1c] In the pursuit
for new research avenues and greener methodologies, we have started to explore the use of
electrochemistry, which is quickly becoming one of the most popular paths to access radical
intermediates among the multiple strategies based on the single-electron activation of organic
substrates.[2] The venerable Minisci reaction stands as a powerful and appealing synthetic tool for
the direct and rapid modification of N-heterocycles. Based on their innate reactivity, addition of a
nucleophilic carbon radical species followed by a H atom loss provides the desired C-H
functionalized derivatives.[3] In this context, electrochemical Minisci-type processes have recently
begun to attract considerable attention employing different kinds of alkyl radical precursors.[4]
Herein, we report, a general, facile and environmentally friendly Minisci-type alkylation of
N-heteroarenes under simple electrochemical conditions using widely available alkyl halides as
radical precursors. The method presents a very high functional group tolerance, including various
heterocyclic-based natural products. In addition, we proposed a mechanism based on different
electrochemical evidence.
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Diazo reagents substituted with two electron-withdrawing groups are among the most
stable diazo derivatives,[1] yet readily decompose to form highly reactive electrophilic carbenes,[2]
which can then be trapped by various Lewis bases to form ylide intermediates. In this context,
condensations of ketones 1 with electrophilic metal carbenes derived from α-diazomalonates 2
and [CpRu(CH3CN)3][BArF] as catalyst lead to the effective synthesis of malonate enol ethers 3.[3]
These 2-vinyloxymalonates 3 are interesting building blocks due to the presence of two
different active sites, the enol and the malonate groups. They can be exploited separately but
also in synergy to promote diverse annulation processes,[3] considerably expanding as a
consequence the classical scope of cyclizations derived from carbonyl ylide intermediates.[4]
Herein, capitalizing the unique dual reactivity of 3, we present that the functionalization of
the malonate group (4) paves the pathway towards the synthesis of complex fused (5) or spiroheterocycles (6), under visible-light photoredox catalysis.
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The high occurrence of benzoic acids in Nature with a variety of functionalization makes
these stable and inexpensive compounds highly attractive substrates in organic synthesis. In this
context, the single-electron oxidation of biphenyl-2-carboxylic acids has recently become a
convenient and predictable tool to activate these substrates for a range of transformations.[1] The
resulting aroyloxyl radicals usually undergo intramolecular addition at C-2` to give
benzocoumarins after further oxidation.[2] This reactivity of biphenyl-2-carboxyl radicals was
previously ascribed to the better overlapping of the frontier orbitals for the planar biphenyl π
radical. However, when the twisted conformation of biphenyl-2-carboxyl radicals is particularly
stable, the spirocyclization can be favored in virtue of the frontal overlapping of the σ-acyloxyl
radical with the π-orbital of the aromatic ring at C-1`(Scheme 1).[3]

Scheme 1
Our DFT calculations indicate that the oxidation of ortho-position blocked biphenyl-2carboxylic acids provides carboxyl radicals with σ-character and significant transfer of spin density
to the adjacent phenyl ring, favoring an exergonic and very fast spirocyclization. Therefore, we
have developed the electrochemical cross-dehydrogenative coupling (ECDC) of these substrates
with alcohols to provide 4`-alkoxyspirolactones, in the absence of chemical oxidants (Scheme
2).[4] Moreover, the treatment of these intermediates under mildly basic conditions enabled the
selective remote alkoxylation of starting 2-phenylbenzoic acids at C-4`, a transformation that has
been eluded to date. In addition, we have collected experimental evidence to support a reaction
mechanism, and we have shown that not only carboxylic acids but also amides and alcohols can
be successful starting materials in this spirocyclization.

Scheme 2
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Aminosilanes are of high relevance in organic synthesis already by play as valuable reagents, as
protecting group, and also in functional materials.[1] Despite the progress made in C-N bonds
formation, to date the Si-N bonds formation through the nitrene insertion into Si-H bonds of
silanes, has not been described.
Given the experience of our research group in nitrene addition and insertion reactions to
substrates of different nature catalyzed by TpxM (M = Cu, Ag) complexes, we decided to address
the nitrene transfer to silanes.[2]
In this communication, we will show the results obtained using TpxCu complexes as catalysts for
the reaction of silanes R3Si-H, R2Si-H, disilanes and siloxanes with PhI=NTs as nitrene precursor.
This transformation leading to products derived from the formal insertion of the nitrene moiety into
the Si-H bond in a selective manner. The reaction tolerates substituent R such as alkyl, aryl, allyl,
OH or other heteroatoms, obtaining in all cases the derivative of the monoinsertion despite
presenting two Si-H bonds in the substrate.
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The development of methods for the asymmetric addition of C(sp2)-H bonds across
unsaturated systems constitutes a major goal in modern organic synthesis, owing to their
transformative power and full atom-economy.[1] [2]
Herein, we disclose our more recent efforts, which resulted in the development of an Ir
catalyst that is able to promote intramolecular hydroarylation reactions of alkenes towards a
variety of heteropolycyclic systems bearing all-carbon quaternary stereocenters, with excellent
yields and with enantiomeric excesses of up to >99%.[3]

The method is particularly efficient for the synthesis of five-, six- and seven-membered
fused indole and pyrrole products, bearing one and two stereocenters, with excellent diastereoand enantio-selectivities. DFT computational studies allowed us to obtain a detailed mechanistic
profile and shed some light on the reasons behind the excellent levels of stereoselectivity.
Additionally, we are working in the extension of this methodology with other unsaturated
partners that allows us to build a high variety of heteroaromatic scaffolds that are widely present
in complex natural products.
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Alkylidenecyclopropanes (ACPs) are versatile building blocks that have been used in a
myriad of relevant synthetic transformations, including a variety of transition-metal catalyzed
(TMC) cycloadditions.[1] Our group has recently reported Palladium-catalyzed (3+2)
heterocycloadditions between ACPs and carbonyls, enabling the synthesis of highly
functionalized tetrahydrofurans.[2] While further exploring the potential of this method we detected
the formation of side-products which led us to envision the possibility of developing novel
cycloisomerization/ cross-coupling cascades.
Herein, we show the details of these developments (Figure 1). In particular, we will describe
how palladium (0) catalyst bearing electron deficient monodentate ligands can efficiently promote
the cycloisomerization/ allylic functionalization of carbonyl- or imine-tethered ACPs with a variety
of coupling partners (Nu, Figure 1), such as boronic acids, malonates and alcohols. The
annulation allows the rapid assembly of five- or six-membered cyclic alcohols or amines bearing
1,2-stereocenters with moderate to high diastereoselectivity and broad scope.[3]

Figure 1. Palladium-Catalyzed Tandem Cycloisomerization/ Allylic Functionalization of Carbonyland Imine-Tethered Alkylidenecyclopropanes
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Aziridines have become increasingly popular as versatile building blocks in the synthesis
of nitrogen-containing molecules, particularly in combination with transition metal catalysis to
facilitate cross-coupling reactions with less reactive organometallic reagents.[1] In this regard, the
incorporation carbon dioxide (CO2) as a highly economical C1 into aziridines would provide a
conceptually new route to ß-amino acids,[2] important building-blocks with potential as
peptidomimetics. Recently, our group has developed a Ni-catalyzed reductive carboxylation of Nsulfonyl aziridines with CO2 at atmospheric pressure (Scheme 1).[3] Most intriguing was the almost
unique ability of MeOH to promote reactivity, with mechanistic studies pointing towards it playing
a role in stabilizing key Ni-species such as the ring-opened zwitterionic intermediate proposed by
Hillhouse.[4]

Scheme 1
Another emerging field of chemistry is the promotion of transition metal chain-walking
events to permit distil functionalizations, such as the regiodivergent carboxylation strategy
reported by König, Martin and co-workers (Scheme 2, left).[6] Conversely, the complementary
retained carboxylation of secondary alkyl halides has remained an elusive endeavor due to the
challenge of preventing ß-hydride elimination. By fine tuning the ligand environment and by
applying photoredox catalysis to control the rate of electron-transfer, our group has achieved
excellent levels of regioselectivity in the retained carboxylation of secondary alkyl bromides
(Scheme 2, right). Notable about this protocol is the avoidance of column chromatography during
purification and the high chemoselectivity profile permitted by the mild conditions.

Scheme 2
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In the last decades, the use of C-O electrophiles in metal-catalyzed cross-coupling has gained
great attention due to the low toxicity and ready availability of the corresponding alcohol
precursors.[1] Although important advancements have been achieved in the context of C(sp2)-O
activation, less progress has been made for the cleavage of unactivated C(sp3)-O bonds. More
recently, metallaphotoredox catalysis is becoming the prominent approach to generate Ccentered radicals from the corresponding aliphatic alcohol precursors, after a preliminary
activation step.[2] This is due to the mild reaction conditions generally employed, resulting in a
broad functional group compatibility. However, besides the reactivity challenge, site-selectivity
concerns arise in molecules containing multiple, yet similar, C(sp3)-O bonds.
We envisioned the tether of two hydroxy-functionalities within the same cyclic structure to achieve
a single C(sp3)-O bond activation, whilst the stability of the fragment released after the cleavage
would impart site-selectivity.

Scheme: The conformational flexibility of the cyclic structure allows the site-selective monofunctionalization of diol derivatives
We report the development of a metallaphotoredox approach for the site-selective monofunctionalization of unactivated C(sp3)-O bonds in 7- and 8-membered cyclic acetals. The ability
of the photogenerated radical intermediate to adopt the correct conformation for *-p orbital
overlap is proposed to be the key feature for success, triggering the subsequent fragmentation.
Intertwining the photocatalytic cycle with a Ni-catalyzed cross-coupling allows the capture of the
newly formed C-centered radical and to forge novel C(sp3)-C(sp2) and C(sp3)-C(sp3) bonds, after
reductive elimination. A wide range of cyclic acetals, bearing different functionalities, and aryl,
vinyl and alkyl bromides are shown in the scope, highlighting a great functional groups tolerance.

References
[1] C. Zarate, M. van Gemmeren, R. J. Somerville, R. Martin Chapter Four - Phenol Derivatives:
Modern Electrophiles in Cross-Coupling Reactions in Advances in Organometallic Chemstry,
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COUPLING OF ALKYNES WITH KETONES CATALYZED BY CpTiCl2: A
NEW CONCEPT IN THE SYNTHESIS OF FUNCTIONALIZED CONJUGATED
DIENES
E. Roldán,ab M. M. Nievas, J.A.R. Navarroc and J. E. Oltrab
a

Instituto de Investigaciones Químicas, CSIC-Universidad de Sevilla, C/ Américo Vespucio, 49,
41092 Seville, Spain.
b

Departamento de Química Orgánica, Facultad de Ciencias, Universidad de Granada, Avda.
Fuentenueva s/n, 18071 Granada, Spain.

c

Departamento de Química Inorgánica, Facultad de Ciencias, Universidad de Granada, Avda.
Fuentenueva s/n, 18071 Granada, Spain.
e-mail: aylara@ugr.es

Keywords: CpTiCl2, conjugated dienes, cycloaddition, cross-coupling
Dienes are a type of compounds that present in their structure two double bonds that can
be either adjacent to each other or not. In the case of conjugated dienes, the disposition of the
double bonds provides them with a reactivity that is very different to the rest, and they are used
as fundamental building blocks in Organic Synthesis. For instance, in front of dienophile reagents,
they are able to undergo the Diels-Alder cycloaddition, one of the most important chemical
reactions of the last century for its invaluable usefulness in the synthesis of a great number of
natural products.

In this communication, we present the intramolecular cross-coupling between alkynes and
ketones catalyzed by the half-sandwich complex CpTiCl2, which constitutes a novel concept for
the straightforward synthesis of halogenated conjugated dienes.[1] This methodology is applicable
to the synthesis of brominated conjugated dienes over carbocycles and nitrogenated heterocycles
with a ring size between five and seven members with good yields. In addition, we have performed
a study about the formation of new C-C bonds, obtaining the expected products in Diels-Alder
cycloadditions, Suzuki and Sonogashira cross-coupling reactions.
References
[1] E. Roldan-Molina, M. M. Nievas, J.A.R. Navarro and J. E. Oltra. Chem. Eur. J. 2020, 26, 8296
–8301.
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GOLD(I)-CATALYZED STEREOSELECTIVE CYCLIZATIONS: A CHIRAL
AUXILIARY APPROACH
Andrea Cataffo,a,b Miguel Peña-López a,b, Giuseppe Zuccarelloa,b and Antonio M. Echavarrena,b
a

Institute of Chemical Research of Catalonia (ICIQ), Barcelona Institute of Science and
Technology, Av. Països Catalans 16, 43007 Tarragona, Spain. bDepartament de Química
Analítica i Química Orgànica, Universitat Rovira i Virgili, C/Marcel·li Domingo s/n, 43007
Tarragona, Spain
e-mail: acataffo@iciq.es
Keywords: gold catalysis, chiral auxiliaries, polyenynes, spirocyclic ketones, alkoxycyclization.
In 2017, our group reported the gold(I)-catalyzed cyclization of polyenynes in which the activation
of terminal alkynes or bromoalkynes triggers a cascade cyclization giving spirofused
heterocycles.[1] More recently, we have described enantioselective cyclizations of 1,6-enynes
using new types of chiral gold(I) catalysts.[2,3] Now, through the use of the commercially available
Oppolzer’s sultam or Evans oxazolidinone chiral auxiliaries, the stereoselective gold(I)-catalyzed
spirocyclization of polyenynes and alkoxycyclization of 1,6-enynes has been achieved. Despite
the broad application of chiral auxiliaries in asymmetric synthesis, only one isolated example had
been reported in gold catalysis.[4] Our work represents the first case where this methodology can
be applied to a broad range of substrates resulting in good yields and stereoselectivities. Using
chiral gold(I) complexes with JohnPhos-type ligands bearing remote C2-symmetric 2,5diarylpyrrolidines,[2] the analogous enantioselective version of these transformations has also
been achieved with Br-substituted enynes.
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H‑BONDED COUNTERION-DIRECTED ENANTIOSELECTIVE Au(I)
CATALYSIS[1]
À. Martí,a,b A. Franchinoa and A. M. Echavarrena,b
a

Institute of Chemical Research of Catalonia (ICIQ), Barcelona Institute of Science and
Technology
43007 Tarragona, Spain.
b
Departament de Química Orgànica i Analítica, Universitat Rovira i Virgili, 43007 Tarragona,
Spain.
e-mail: amarti@iciq.es
Keywords: Hydrogen-bond donor, enantioselective gold(I) catalysis, (thio)urea, enynes
A novel approach for the achievement of enantioselective transition-metal catalysis is
presented, where a hydrogen-bond donor placed on a ligand of a cationic gold(I) complex
precisely positions a chiral counterion responsible of transferring the stereochemical information.
This strategy has been, for the first time, successfully applied in the activation of challenging
alkynes in the 5-exo-dig and 6-endo-dig cyclizations of 1,6-enynes, with and without the addition
of nucleophiles, combining an achiral phosphinourea Au(I) chloride complex with a BINOLderived phosphoramidate Ag(I) salt. 1H NMR titrations experiments, detailed kinetic studies,
nonlinear effects and solvent studies are provided to prove the key H-bond interaction of the
catalytic system. This work provides a starting point for the development of supramolecularly
assembled chiral metal complexes.
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DIASTEREOSELECTIVE DEOXYGENATIVE GOLD(I)-CATALYZED
BISPROPARGYLATION: SYNTHESIS OF 9-PROPARGYLXANTHENE
DERIVATIVES
Sergio Fernández, Javier Santamaría and Alfredo Ballesteros*
Departamento de Química Orgánica e Inorgánica and Instituto Universitario de Química
Organometálica “Enrique Moles”, Universidad de Oviedo, C/ Julián Clavería 8, 33006 Oviedo
fernandezgsergio@uniovi.es
Keywords: gold, catalysis, bispropargylation, xanthene, propargylsilane
The addition of organometallic reagents to carbonyl derivatives has been over decades a powerful
tool for C-C bond formation in organic synthesis. However, traditional stoichiometric procedures
are not always easy to control, so new selective catalytic versions are still highly desirable. [1] In
this context, although several monoaddition reactions have been successfully studied and
implemented, only few examples of the selective introduction of two equivalents of these
nucleophiles at the same carbon atom have been reported.[2] Among them, catalytic
bispropargylation remained unexplored.
Our research group has recently described a gold-catalyzed propargylation of carbonyl
derivatives employing propargylsilanes.[3] For this transformation, an elusive -allenylgold(I)
complex was confirmed as the key intermediate. During this investigation, we found out that
xanthone derivatives can undergo a diasteroselective deoxygenative bispropargylation reaction
under gold(I) catalysis. Xanthonoids are natural occurring molecules whose interesting properties
lead to increasing applications in multiple areas.[4] In this regard, interesting 9,9bispropargylxanthenes or 9-propargylxanthydrols can be selectively obtained in high yields.
Additionally, non-symmetrical bispropargylations and other derivatizations can be carried out in a
one pot procedure, leading to different xanthene scaffolds.
Figure 1. Gold(I)-catalyzed bispropargylation of xanthones.

References
[1] Nguyen, K. D.; Park, B. Y., Luong, T., Sato, H., Garza, V. J.; Krische, M. J. Science 2016, 354,
300-306.
[2] For catalytic bisvinylation, see: Okauchi, T.; Tanaka, T.; Minami, T. J. Org. Chem. 2001, 66,
3924-3929. For catalytic bisallylation, see: a) Ishii, A.; Kotera, O.; Saeki, T.; Mikami, K. Synlett
1997, 10, 1145-1146; b) Fang, X.; Watkin, J. G.; Warner, B. P. Tetrahedron Lett. 2000, 41, 447449; c) Murugan, K.; Chen, C. Tetrahedron Lett. 2011, 52, 5827-5830. For catalytic
bisalkynylation, see: a) Kuninobu, Y.; Ishii, E.; Takai, K. Angew. Chem. Int. Ed. 2007, 46, 32963299; b) Rubial, B; Ballesteros, A.; González, J. M. Adv. Synth. Catal. 2013, 355, 3337-3343.
[3] Fernández, S.; González, J.; Santamaría, J.; Ballesteros, A. Angew. Chem. Int. Ed. 2019, 58,
10703-10707.
[4] For selected examples, see: a) Ibrahim, M. Y. et al. Arab. J. Chem. 2016, 9, 317-329; b) Maia,
M.; Resende, D.; Durães, F.; Pinto, M.; Sousa, E. Eur. J. Med. Chem. 2021, 210, 113085-113104.
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HFIP-PROMOTED Cp*Co-CATALYZED DIRECT MIZOROKI-HECK
COUPLING
J. Zhang,a,b J. Sanjosé-Ordunaa,b and M. H. Pérez-Temprano*a
a

Institute of Chemical Research of Catalonia (ICIQ), Avgda. Països Catalans 16, 43007
Tarragona (Spain)

b

Departament de Química Analítica i Química Orgànica, Universitat Rovira i Virgili, C/ Marcel·li
Domingo s/n, 43007 Tarragona (Spain)
e-mail: jzhang@iciq.es

Keywords: Mizoroki-Heck Coupling, cobalt catalysis, HFIP
The Mizoroki−Heck reaction is an extremely powerful tool for the construction of C–C bonds
within synthetic organic chemistry. Traditionally, the coupling between aryl/alkenyl halides or
triflates and alkenes has been dominated by noble metals such as palladium.[1],[2] However, over
the past years, the development of more sustainable alternatives, based on cost-effective firstrow metals is receiving special attention.[3] Despite these advances, still now, there are limited
examples based on cobalt catalysis.[4] Indeed, the employment of Cp*Co systems, widely used in
directed C–H functionalization reactions, remains underexplored.
Recently, our research group have demonstrated the extraordinary capability of Cp*CoI
species to participate in oxidative addition events.[5],[6] Inspired by these previous results, we have
developed a novel and efficient ligand-assisted Cp*CoI-catalyzed Mizoroki−Heck coupling,
promoted by HFIP. Our methodology features (i) a wide range of readily available starting
materials, including aryl bromides, bearing simple directing groups; (ii) a great functional group
tolerance and (iii) enables the employment of targeted drug derivatives.

Figure 1. Cp*Co-catalyzed coupling between aryl halides and alkenes promoted by HFIP.
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Rev. 2020, 49, 8501–8542.
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ENANTIOSELECTIVE ALKOXYCYCLIZATION WITH GOLD(I)-CAVITAND
CATALYSTS: TOTAL SYNTHESIS OF (+)-MAFAICHEENAMINE C
Inmaculada Martín-Torres,a,b Gala Ogalla,a,b Jin-Ming Yang,a Antonia Rinaldia and Antonio M.
Echavarrena,b
a

Institute of Chemical Research of Catalonia (ICIQ), Barcelona Institute of Science and
Technology, Av. Països Catalans 16, 43007 Tarragona (Spain).
b
Departament de Química Analítica i Química Orgànica, Universitat Rovira i Virgili, C/ Marcel·lí
Domingo s/n, 43007 Tarragona (Spain).
e-mail: imartin@iciq.es
Keywords: gold(I)-cavitand complexes, asymmetric catalysis, total synthesis
Asymmetric gold(I) catalysis is inherently challenging due to the linear dicoordination
adopted by gold(I), which places the chiral information at the opposite side of the reactive center.
To circumvent this challenge, the chiral element has to be located as close as possible to the
region of the substrate directly involved in the enantio-determining step.[1] We have introduced
the use of chiral gold(I)-cavitand complexes in asymmetric catalysis and have applied this strategy
in the first total synthesis of carbazole alkaloid (+)-mafaicheenamine C.[2] These gold(I)complexes contain a cavity that forces the substrate to adopt constrained conformations leading
to excellent enantioselectivities. DFT studies suggest that the high enantioselectivity results from
stabilizing non-covalent interactions.

Acknowledgements: We thank the MCIN/AEI/10.13039/501100011033 (PID2019-104815GBI00, CEX2019-000925-S, FPI to I.M.-T.), the ERC (Adv. Grant 835080), the AGAUR (2017 SGR
1257), and CERCA Program/Generalitat de Catalunya for financial support.
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IRIDIUM-CATALYZED ASYMMETRIC HYDROGENATION OF 2,3-DIARYL
ALLYL AMINES. ACCESS TO TETRAHYDROQUINOLINE AND
TETRAHYDROISOQUINOLINE DERIVATIVES
P. Rojo,a M. Molinari,a A. Cabré,a C. García-Mateos,a A. Rieraa,b and X. Verdaguera,b
a
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Martí i Franquès 1, Barcelona E-08028, Spain.
e-mail: pep.rojo@irbbarcelona.org

Keywords: P-chiral, iridium, asymmetric hydrogenation, allyl amines, tetrahydroquinolines
Over the years, chiral compounds containing nitrogen heteroatoms have proved to be
fundamental substances for the chemical, pharmaceutical and agrochemical industries.[1] Thus,
many research groups have put their efforts in the enantiopure synthesis of diverse chiral
amines.[2] However, the preparation of certain of these interesting scaffolds is still
underdeveloped. In the last decade, our group has contributed to this field by designing several
catalytic systems that have shown excellent results in the hydrogenation of different allyl amines,
enamines and imines.[3]
Herein we present the synthesis of a new family of P-stereogenic phosphinooxazoline
iridium catalysts that provides very high enantioselectivities in the asymmetric hydrogenation of
2,3-diaryl allyl amines. The hydrogenation process proved to tolerate different functional groups
in the aromatic ring, substitution in both rings, and alternative protecting groups for the amine,
with minimal loss on the enantioselectivity. Furthermore, the synthetic utility of the obtained 2,3diaryl-propylamines was demonstrated by their transformation to 3-aryl-tetrahydroquinolines,
yielding such alkaloids with the highest enantioselectivity reported up to date. The utility of the
propylamines was further expanded with the preparation of 4-benzyl-tetrahydroisoquinolines.

Scheme 1: Asymmetric hydrogenation of 2,3-diaryl allyl amines and their transformation to
tetrahydroquinolines and tetrahydroisoquinolines.
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DYNAMIC KINETIC RESOLUTION OF INDOLE-BASED BIARYLS BY
RHODIUM-CATALYZED ATROPOSELECTIVE REDUCTIVE ALDOL
REACTION
C. Rodríguez-Franco,a A. Ros,a R. Fernández,b V. Hornillosa,b and J.M. Lassalettaa
a

b

Instituto Investigaciones Químicas (CSIC-US) and Centro de Innovación en Química
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Departamento de Química Orgánica (Universidad de Sevilla) and Centro de Innovación en
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e-mail: carlos.rodriguez@iiq.csic.es

Keywords: asymmetric catalysis, dynamic kinetic resolution, reductive aldol, axial chirality,
indoles
Biaryl compounds containing stereogenic axes are present in a large variety of natural
products and bioactive substances, and they also find a wide number of applications in
asymmetric catalysis, as ligands or organocatalysts, and in material science.[1] Despite the
impressive development of methodologies for the synthesis of these compounds, most prepared
axially chiral scaffolds consist of six-membered biaryls. In sharp contrast, the construction of fivemembered biaryls has been much less explored and is more challenging due to their generally
lower rotational barriers. In this context, axially chiral indole-based frameworks have recently
attracted the interest of the chemistry community because of their presence in bioactive
compounds, alkaloids, and chiral phosphine ligands.[2]
In this contribution, we present a method for the synthesis of axially chiral indole-based
heterobiaryls consisting of a rhodium-catalysed asymmetric reductive aldol reaction via dynamic
kinetic resolution. The strategy relies on the unprecedented racemization by a Lewis acid-base
interaction between an aldehyde and a thioether at ortho,ortho-positions in the substrate. This
protocol features broad substrate scope of heterobiaryl scaffolds and proceeds under mild
conditions allowing the preparation of 3-arylindole derivatives containing two stereogenic centres
and a chiral axis in high yields and excellent enantio- and diasteroselectivities.

Figure 1: Rhodium-catalyzed asymmetric reductive aldol reaction via dynamic kinetic resolution

References
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NEW N-HETEROCYCLIC CARBENE GOLD(I) COMPLEXES FOR
ENANTIOSELECTIVE GOLD(I) CATALYSIS
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Keywords: N-heterocyclic carbenes, enantioselective gold(I) catalysis, enynes
Since the first example of N-heterocyclic carbene (NHC) gold(I) complexes reported in
2007,[1] many other NHC-gold(I) complexes have been reported.[2] Inspired from recent
developments in enantioselective gold(I) catalysis reported by our group,[3] we have now
developed a new family of modular chiral NHC gold(I) catalysts bearing a C2-chiral 2,5diarylpyrrolidine group.

Results in enantioselective gold(I) catalysis with these new complexes will be reported.
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References
[1] S. K. Schneider, W. A. Herrmann, E. Herdtweck, Z. Anorg. Allg. Chem. 2003, 629, 2363–2370.
[2] N. Marion, S. P. Nolan, Chem. Soc. Rev. 2008, 37, 1776–1782
[3] G. Zuccarello, J. G. Mayans, I. Escofet, D. Scharnagel, M. S. Kirillova, A. H. Pérez-Jimeno, P.
Calleja, J. R. Boothe, A. M. Echavarren, J. Am. Chem. Soc. 2019, 141, 11858−11863.

67

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S01-FP25

ATROPOSELECTIVE ALLYLATION OF HETEROBIARYL ALDEHYDES VIA
DYNAMIC KINETIC RESOLUTION
José Alberto Carmona,a Patricia Rodríguez-Salamanca,a Rosario Fernández,b José M.
Lassalettaa and Valentín Hornillosab
a
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Keywords: Enantioselective allylation, DKR, Heterobiaryls. Lewis Acid Base Interactions
Axially chiral biaryls constitute important scaffolds present in natural products, drug
discovery, and material science. Furthermore, they widely exist as privileged ligands and
organocatalysts that play crucial roles in the preparation of chiral compound. Among the growing
number of approaches for the asymmetric synthesis of these compounds, methods based on
dynamic kinetic resolutions (DKR) are especially powerful as they offer the possibility to convert
both enantiomers of a racemic mixture into an enantioenriched product.1

Herein, we describe a novel approach for the synthesis of heterobiaryl carbinols bearing
central and axial chirality elements, involving a DKR. The racemization of the substrates occurs
through a Lewis acid-base interaction (LABI)2 between a nitrogen atom in the heterocycle and a
carbonyl group. This interaction acts as a “lubricant”, facilitating rotation around the stereogenic
axis, presumably through the formation of 6-membered cyclic transition states. An Ir-catalyzed
asymmetric Krische-type allylation3 of the aldehyde is then employed to destroy its Lewis acid
character and stabilize the stereogenic axis, affording heterobiaryl carbinols in good to high yields
and diastereomeric ratios, and excellent enantioselectivities.
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NHC-CATALYSED [3+2]-ASYMMETRIC ANNULATION OF 1H-PYRAZOL4,5-DIONES AND ENALS OR 3-BROMOENALS. ACCESS TO CHIRAL
SPIROCYCLIC PYRAZOLONE -BUTYROLACTONES AND BUTENOLIDES
Marta Gil-Ordóñez,a Alicia Maestro,a Pablo Ortega,b Pablo G. Jambrinab and José M. Andrésa
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pyrazolones, butyrolactones, butenolides, electronic structure calculations
The synthesis of spiropyrazolones, as occurs with other spirocyclic structures, is an area of great
scientific interest given the well-known biological properties of these compounds.[1] Over the past
few years, some organocatalytic strategies have been developed to access spiropyrazolones with
a heteroatom incorporated in the chiral spirocentre.[2] However there are no examples describing
the preparation of spirocyclic pyrazolone -butyrolactones and butenolides despite the interest of
these cyclic ester units as chiral building block for the synthesis of diverse biological active
compounds and complex molecules. In this work, we describe their fully diastereo- and highly
enantioselective synthesis via NHC-catalysed [3+2] annulation reaction of enals[3] or -bromo
enals and 1H-pyrazol-4,5-diones. The homoenolates intermediates generated from the
unsaturated aldehydes and chiral carbenes derived from (1S,2R)-cis-aminoindanol act as
nucleophiles over the pyrazol diones to afford the spiro compounds. To understand the catalytic
mechanism and origin of stereoselectivity, electronic structure calculations were carried out.
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TRANSANNULAR ENANTIOSELECTIVE (3+2) CYCLOADDITION OF
CYCLOALKENONE HYDRAZONES UNDER BRØNSTED ACID CATALYSIS
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Highly functionalized 1,3-diamine fragments have demonstrated to be useful in medicinal
chemistry not only because they are important structural motifs present in many natural products,
but also because they serve as linkers and binding elements.[1] Moreover, polycyclic scaffolds,
whose synthesis has always remained as a big challenge for synthetic organic chemists,
constitute most of those interesting compounds. For this reason, several transannular approaches
have been recently developed as an alternative to the commonly used cyclization or cycloaddition
reactions, and showing in all cases an efficient control on the generated stereocenters.[2]
In view of these precedents, we present herein the use of cycloalkenone hydrazones,
derived from the corresponding cycloalkenones, as model substrates that can undergo
enantioselective transannular (3+2) cycloaddition under BINOL-based chiral Brønsted acid
catalysis. This methodology provides tricyclic scaffolds with a bridging hydrazine moiety, which
can be easily converted into stereodefined decalin- or octahydro-1H-indene derived 1,3-diamines
through reductive N-N cleavage and therefore, showing to be an efficient and straightforward
manner to access cis-diamine bicyclic motifs (Figure 1).[3]

Figure 1. Transannular enantioselective (3+2) cycloaddition reaction.
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Cyanomethyl vinyl ethers (CMVEs) constitute densely functionalized linear synthetic
platforms. They are usually synthesized in a step-wise manner from the corresponding aldehydes
through the formation of the O-formyl cyanohydrin intermediate and carbonyl methylenation.2
When the vinyl moiety is endowed with an electron withdrawing group, the cyanohydrin is directly
converted into the conjugated cyanomethyl vinyl ether derivative by the amine-catalyzed Michael
addition on the corresponding conjugated alkyne.3 In both protocols, the corresponding
cyanohydrin has to be synthesized and isolated to be used in the following reaction step.

With this idea in mind, we have designed a novel organocatalytic multicomponent
cyanovinylation of aldehydes for the direct synthesis of conjugated cyanomethyl vinyl ethers. The
reaction has been implemented for the synthesis of 3-substituted 3-(cyanomethoxy)acrylates,
using aldehydes 1 as substrates, acetone cyanohidrin 2 as the cyanide anion source, and methyl
propiolate 3 as the source of the vinyl component. The multicomponent reaction is catalyzed by
N-methyl morpholine (NMM; 2.5 mol%) to deliver the 3-(cyanomethoxy)acrylates 4 in excellent
yields and with preponderance of the E-isomer.1

The multicomponent reaction manifold is highly tolerant to the structure and composition
of the aldehyde (aliphatic, aromatic, heteroaromatics), and it is instrumentally simple (one batch,
open atmospheres), economic (2.5 mol% catalyst, stoichiometric reagents), environmentally
friendly (no toxic waste), and sustainable (easy scalability). The reaction scope and the proposed
mechanism will be commented in our presentation.
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SCHIFF BASES OF GLYCINE O-NITROANILIDE AS NUCLEOPHILES FOR
SYN- SELECTIVE BRØNSTED BASE-CATALYZED DIRECT ALDOL
REACTIONS
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Asymmetric organocatalysis has been thoroughly developed in the last century and its
relevance has been recently recognized with the 2021 Nobel Prize. In the present work, we report
a highly enantio- and syn-selective synthesis of β-hydroxy α-amino acids from glycine imine
derivatives through asymmetric organocatalysis. The preparation of these biologically interesting
amino acids[1] has been successfully achieved employing for the first time bifunctional Brønsted
base catalysts.
The key part of this synthetic strategy is the use of a benzophenone-derived imine of
glycine o-nitroanilide as a pronucleophile, where the o-nitroanilide framework provides an efficient
hydrogen-bonding platform that accounts for nucleophile reactivity and diastereoselectivity. This
dual effect gives excellent diastero- and enantio- control as well as a notorious reactivity
enhancement.[2]
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Biarylic compounds with axial chirality are valuable molecules with several applications in
natural products, drug discovery, catalyst preparation and material science [1]. Among them,
those atropoisomers based on a carbon-nitrogen bond are appealing synthetic molecules. By this
reason, their enantioselective preparation is becoming a field of interest [2]. Several
methodologies based on metal-based and even in organocatalytic procedures have been
developed, but until nowadays, few examples employing biocatalysts have been described, being
the preparation of biaryl N-oxides by dynamic kinetic resolution (DKR) catalyzed by alcohol
dehydrogenases one of the last examples [3].
Recently, our research group has developed a strategy for the atroposelective synthesis of
heterobiaryl alcohols by DKR employing Lewis acid-base interactions as dynamization element
[4]. In our ongoing strategy to carry out the preparation of atropselective C-N containing
molecules, we have developed the preparation of a set of indole and pyridyl-based heterobiaryl
aldehydes that have been atroposelectively transformed into the corresponding chiral alcohols or
amines through a DKR process catalyzed by different enzymatic catalysts. By optimizing the
biocatalytic procedure, it is possible to obtain in almost all the examples the final compounds with
excellent conversions and optical purities, thus representing a novel methodology for the
synthesis of this type of structures.
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ENANTIOSELECTIVE SYNTHETIC ROUTE FOR THE CONSTRUCTION OF
THE SPIRO[INDOLIZIDINE-1,3′-OXINDOLE] FRAMEWORK
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The spiro[pyrrolidine-3,3′-oxindole] ring system is a structural moiety present in oxindole alkaloids,
which constitute a large group of monoterpenoid alkaloids with interesting pharmacological
properties. These tetracyclic oxindole alkaloids differ structurally in the functionalized substituent
at C-15 and the two-carbon substituent at C-20, as well as in the configuration at the C-3, C-7, C15, and C-20 stereocenters (biogenetic numbering). The access to E-ethylidene-bearing
spiro[indolizidine-1,3′-oxindoles] with a cis H-3/H-15 stereochemistry has been explored. With the
aim of expanding our work on the use of (S)-tryptophanol-derived lactams for the enantioselective
synthesis of indole alkaloids,1 we have developed an efficient methodology for the generation of
spiroindoline2 and spirooxindole compounds.3 In this context, we report here a synthetic route for
the enantioselective construction of the spiro[indolizidine-1,3′-oxindole] with a cis H-3/H-15
stereochemistry, a functionalized two-carbon substituent at C-15, and an E-ethylidene substituent
at C-20. The key steps of our synthetic approach are: (i) the preparation of an enantiopure
tryptophanol-derived oxazolopiperidone lactam by a stereoselective cyclocondensation reaction
with an oxoester derivative, (ii) a highly stereoselective spirocyclization, (iii) the removal of the
hydroxymethyl chain, and (iv) the incorporation of an ethylidene side chain on the piperidine ring.
Following this route, the 21-oxo derivative of the enantiomer of the alkaloid 7(S)-geissoschizol
oxindole has been prepared.4
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Silvalactam 1[1] is a 24-membered macrolactam isolated from the culture broth of
Streptomyces strain Tü 6392 that demostrated antiproliferative activity against various cancerous
and non-cancerous cell lines. Relevant structural features of silvalactam are two polyene
fragments (including a ZEEEE pentaene and an isobutyl-substituted EEEE amide) and three
stereocenters with absolute configuration similar to to those or other molecules of the same family
such as incednine[2] and sipanmycins[3].

We will report our efforts to synthesize silvalactam aglycone (4) by Suzuki cross-coupling
reaction of fragments 5 and 6 obtained from components 7-10 using stereselective protocols for
polyene construction (HWE olefinations and Suzuki-Miyaura and Hiyama-Denmark crosscoupling reactions). Further FGI processes prior to macrolactam formation would allow to
complete the synthesis of the targeted polyenic macrolactam.
References
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8-azabicycle[3.2.1]octane systems are particularly relevant because of their strutural
similarity with tropane alkaloids as cocaine, atropine and scopolamine (Figure 1).[1] Many
pharmacological properties are shown in this comon structure such as anthicolinergic, stimulant
and anesthesia.

Figure 1: Tropane alkaloids.
A novel rearrangement reaction has recently discovered in our group leading us to the
synthesis of new tropane analogues as shown in Scheme 1.[2] Shifting the funcionality of the
bencyl ring let us modulate bioactivity and toxicity of the final structure.

Scheme 1: Synthesis of tropane analogues.
The challenging synthesis of new synthons made by the 2,3-cycloaddition of nitrone 1
and E-β-nitrostyrene have been carried out and the transformation of the adduct 2 by
crystallization-induced diastereomer transformation (CIDT) into diastereomer adduct 3 has been
achieved with total diastereoselectivity (Scheme 2). Mechanistical and reactivity studies was
made.

Scheme 2: CIDT effect in new isoxazolidine core synthons.
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THE ESCHENMOSER’S SALT AS A FORMYLATION AGENT:
INDOLIZINECARBALDEHYDES AND COLORIMETRIC NITRITE DETECTION
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Indolizines are privileged molecular platforms in synthetic heterocyclic chemistry and in
drug discovery, being present in relevant pharmacologically-active compounds and with manifold
applications in materials science because of their prominent photophysical properties.[1]
A series of indolizines, prepared by a multicomponent reaction of 2-pyridinecarbaldehyde,
secondary amines and terminal alkynes, catalysed by carbon-supported copper nanoparticles,[2]
have been successfully formylated using the Eschenmoser’s salt as a novel direct formylation
agent. The reaction takes place at room temperature in the presence of sodium bicarbonate as a
base[2] (Scheme 1). The corresponding indolizinecarbaldehydes are obtained in a regioselective
manner, with exclusive formylation at the 7 position, in modest-to-good yields. It is noteworthy
that conventional formylation methods have failed in this transformation. A reaction mechanism
has been proposed.
Furthermore, these compounds can be easily transformed into push-pull dyes. In
addition, their potential application as chemosensors for the colorimetric detection of anions has
been explored, observing a high selectivity towards the nitrite ion in an acidic medium[3]; it must
be pointed up that nitrite ion is vastly deployed as preservative in the food industry, the
concentration of which is crucial to control to prevent harmful effects in humans and other living
organisms. Nitrite detection can be carried out both in solution and on cotton swaps, allowing the
naked-eye detection of concentrations up to 10-5 M (Figure 1).

Scheme 1. Formylation of indolizines using the Eschenmoses’s salt.

Figure 1. Test for the selective detection of nitrite ion (red) in acidic medium in solution against
thirteen anions.
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Cancer is the most prevalent disease worldwide and the major challenge in anticancer drug discovery
is to find a therapeutic approach capable of attenuating malignant cells without damaging normal cells. In
this sense, benzothiazoles represent privileged scaffolds. In fact, numerous 2-substituted benzothiazole
derivatives have shown interesting antiproliferative activity.[1]
Recently, the capacity of some N-acylsulfonamides and secondary amides containing a
benzothiazole scaffold was reported to reduce viability in pancreatic and colorectal cancer cells. These
molecules were designed as antagonists of nuclear receptor PPAR (Peroxisome Proliferator-Activated
Receptor ), whose involvement in cell differentiation and tumor proliferation has been recently studied. (I,
Fig. 1).[2]

Figure 1. PPAR antagonists and synthetized compounds.
Based on our previous experience in the stereoselective synthesis of sulfinamide-sulfoxide (SON/SO)
bidentate ligands,[3] we approached the synthesis of a new family of analogs (II, Fig. 1) as potential PPARα
antagonists, by nucleophilic addition of methyl benzothiazolyl sulfinyl carbanion on various N-tertbutylsulfinilimines. Under these conditions, the thiosulfinates represented in figure 2 were stereoselectively
obtained instead of the sulfonamide-sulfoxides derivatives (Fig. 2). Preliminary biological studies have
shown an important cytotoxic effect of these thiosulfinates in three different lines of pancreatic cancer,
Capan-2, AsPC-1 and BxPC-3.

Figure 2. Stereoselective synthesis of thiosulfinates with anticancer activity.
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Heptacyclo[6.6.0.02,6.03,13.04,11.05,9.010,14] tetradecane (HCTD) is a cage-like
hydrocarbon which has been known for decades. However, its synthesis proved
to be elusive, obtaining the product only as traces or needing to use
stoichiometric amounts of metals.[1] This polycyclic compound composed by 7
fused cyclopentane rings possess a highly symmetric structure that resembles
somehow to the one of adamantane. Therefore, the potential energetic,[2]
electronic[3] and pharmaceutical[4] applications of this compound derivatives are
enormous, although the lack of synthetic methodologies for its synthesis and
functionalization has hampered its study so far.
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We present a selective and scalable two-step approach to the dimerization of norbornadiene
(NBD) into its thermodynamically most stable dimer, HCTD, achieved by employing a rhodium
complex bearing a dicationic phosphine ligand.
Calculations regarding the mechanism were performed, indicating that the reaction starts
with the Rh-catalyzed stepwise homo Diels–Alder cyclisation of NBD into its exo-cis-endo dimer.
Treatment of this compound with acid promotes its evolution to HCTD via a [1,2]-sigmatropic
rearrangement. The assemblies of 7,12-disubstituted cages from 7-(alkyl/aryl) NBDs.[6]
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Selective post-synthetic C-H functionalizations of the core HCTD scaffold were also
achieved. Several functional groups were installed at the C1 position, including the preparation
of some adamantane-base drug analogs. In addition, a selective Pd-catalysed arylation at
position C8 of the HCTD framework was achieved by the use of a picolylamide directing group
previously attached at C1. Theoretical calculations have been performed to understand the origin
of that regioselectivity.[7]
References
[1] a) D. M. Lemal, K. S. Shim, Tetrahedron Lett.1961, 2, 368-372. b) C. W. Bird, D. L. Colinese,
R. C. Cookson, J. Hudec, R. O. Williams, Tetrahedron Lett.1961, 2, 373-375; c) N. Acton, R.
J. Roth, T. J. Katz, J. K. Frank, C. A. Maier, I. C. Paul, J. Am. Chem. Soc. 1972, 94, 54465456.
[2] a) F. Giacalone, N. Martín, Chem. Rev. 2006, 106, 5136-5190. b) M. A. Lebedeva, T. W.
Chamberlain, A. N. Khlobystov, Chem. Rev. 2015, 115, 11301-11351.
[3] a) H. H. Krause, Energetic Materials. Ed. U. Teipel, Wiley-VCH, Weinheim, 2005; 1-26. b) T.
M. Klapotke, Chemistry of High-Energy Materials; Ed. Wlater de Gruyter, New York, 2011. c)
A. P. Marchand, Tetrahedron 1988, 44, 2377-2395.
[4] a) R. R. Grunert, J. W. McGahen, W. L. Davies, Virology 1965, 26, 262-269, b) J. W. Tilley,
M. Kramer Prog. Med. Chem. 1981, 18, 1-44.
[5] A. Zieliński, X. Marset, C. Golz, L. M. Wolf, M. Alcarazo, Angew. Chem. Int. Ed. 2020, 59,
23299-23305
[6] X. Marset, M. Recort-Fornals, M. Kpante, A. Zieliński, C. Golz, L. M. Wolf, M. Alcarazo, Adv.
Synth. Catal. 2021, 363, 3546-3553.

79

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S01-FP37

ENANTIOSELECTIVE SYNTHESIS OF UNSATURATED γ-LACTAM
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The biological activity of the pharmacologically active molecules, amongo other structural
features depends on their absolute configuration, being this a key element for the improvement
of the potency and selectivity in protein binding events. [1] Moreover, it is known that both
enantiomers of a single molecule can produce a different biological response, and since the
thalidomide tragedy, in order to avoid similar disasters, drug regulatory agencies and
pharmaceutical industries have established among their objectives the development of synthetic
protocols leading to enantiomerically pure molecules. [2]
In this regard, chiral γ-lactams are scaffolds found in many natural and synthetic products
with interesting pharmacological and medical properties. [3] According to this, herein we report
an organocatalyzed three-component reaction of amines 1, aldehydes 2 and pyruvate derivatives
3 for the preparation of unsaturated γ-lactam derivatives 4 with enantiomeric excesses up to 99%.
[4]

In addition, γ-lactams 4 have been used as enamine substrates in the ytterbium-catalyzed
formal [3+3] cycloaddition with α,β-unsaturated keto esters 5, leading to the formation of bicyclic
1,4-dihydropyridines 6. Remarkably, the reaction proceeds with high degree of regio- and stereoselectivity. [5]

References
[1] (a) B. Kasprzyk-Hordern. Chem. Soc. Rev. 2010, 39, 4466-4503. (b) P. A. Clemons, N. E.
Bodycombe, H. A. Carrinski, et al. Proc. Natl. Acad. Sci. U. S. A. 2010, 107, 18787–18792.
[2] M. C. Núñez, M. E. García-Rubiño, A. Conejo-García, O. Cruz-López, M. A. Gallo, A.
Espinosa, J. M. Campos, Curr. Med. Chem. 2009, 16, 2064–2074.
[3] (a) W.K. Goh, C. R. Gardner, K. V. G. C. Sekhar, N. N. Biswas, S. Nizalapur, S. A. Rice, M.
Willcox, D. S. Black, N. Kumar, Bioorg. Med. Chem. 2015, 23, 7366-7377 (b) S. C. P. Lopes, Y.
C. Blanco, G. Z. Justo, et al. Antimicrob. Agents Chemother. 2009, 53, 2149-2152. (c) A. K.
Mandal, J. Hines, K. Kuramochi, C. M. Crews, Bioorg. & Med. Chem. Lett. 2005, 15, 4043-4047.
[4] (a) X. del Corte, A. Maestro, J. Vicario, E. Martinez de Marigorta, F. Palacios. Org. Lett. 2018,
20, 317−320. (b) X. del Corte, A. López-Francés, A. Maestro, E. Martinez de Marigorta, F.
Palacios, J. Vicario, J. Org. Chem. 2020, 85, 14369–14383.
[5] X. del Corte, A. López-Francés, E. Martínez de Marigorta, F. Palacios, J. Vicario, Adv. Synth.
Catal. 2021, 363, 4761–4769.

80

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S01-FP38

LATE-STAGE ARENE FUNCTIONALIZATION WITH CYCLOPROPENYL
CATIONS
Hangfei Tua, Aliénor Jeandin ab and Marcos G. Suero*a
a

Institute of Chemical Research of Catalonia (ICIQ), Barcelona Institute of Science and
Technology, Països Catalans 16, 43007 Tarragona, Spain

b

Departament de Química Orgànica i Analítica, Universitat Rovira i Virgil, 43007 Tarragona,
Spain
e-mail: ajeandin@iciq.es

Keywords: cyclopropenyl cation, carbyne, alkyne, cyclopropene, late-stage functionalization
Cyclopropenyl or cyclopropenium cations (CPC) were reported for the first time by Ronald
Breslow in 1957.[1] They are the smallest member of the Hückel aromatic systems, and show
considerable thermodynamic stability in spite of their high ring strain.[2] Despite of the recent
applications found as photoelectrocatalysts, gene delivery promoters or catholytes for
nonaqueous redox batteries,[3] CPCs have limited applications in synthetic organic chemistry
mainly due to the poor scope of known multi-step synthetic methods.[4]
Herein, we report the first catalytic one-step synthesis of a novel class of CPCs with readily
available alkynes and hypervalent iodine reagents as neutral carbyne sources. Key to the process
was the catalytic generation of a Rh-carbynoid able to transfer a monovalent cationic carbyne
(:+C-R) [5] to the alkyne via a formal [2+1] cycloaddition. The synthetic utility of our CPCs was
demonstrated in the late-stage, regio- and site-selective aryl C–H bond cyclopropenylation of drug
molecules. Such process allows immediate access to drug derivatives substituted with a
cyclopropene ring that could be transformed in simple and complex cyclopropanes using a broad
range of well-known transformations. This late-stage construction of cyclopropanes circumvents
a long-standing problem in the C–H bond cyclopropylation of drug molecules and promises to be
a useful tool in reaching a desired “cyclopropanated” chemical space in library development for
drug discovery.[6]
Late-stage C-H cyclopropenylation
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Piperazic acid and derivatives are biologically active compounds found in several natural
products. The constrained structures of their cyclic hydrazino acid scaffold make them appealing
building blocks for the synthesis of artificial peptides, which have attracted increasing interest at
the forefront of pharmaceutical research.[1] In addition, phthalazines and dihydrophthalazines are
important biologically active pharmacophores and useful synthetic intermediates in organic
chemistry.[2] Accordingly, methods for the introduction of molecular diversity based on the
phthalazine core have been recorded. However, the synthesis of 1,2-dihydrophthalazines
remains unexplored and just a few efficient catalytic asymmetric synthesis have been developed
to date.[3] In this communication, we report a straightforward methodology for the enantioselective
synthesis of 1,2-dihydrophthalazines via dearomatization of phthalazines through anion-bindingcatalysis by a chiral thiourea (Scheme 1). The process involves the Mannich-type addition of silyl
ketene acetals to in situ generated N-acyldiazarene chlorides, providing 1,2-dihydrophthalazines
in high enantioselectivities. These compounds are appealing intermediates for accessing valuable
homologated Piperazic acids.

Scheme 1: Enantioselective dearomatization reaction of phthalazines derivatives.
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Terminal olefins are valuable synthons in organic synthesis. In addition to their abundance
in natural products,[1] olefins can be modified into a great variety of functional groups using many
readily available processes.[2] HX additions are an important class of reactions that allow the
interconversion of alkenes into synthetically useful intermediates.[3] This addition reaction
presents two options for the regioselectivity, from an ionic pathway that affords the Markovnikov
addition product to a free radical pathway that gives rise to the anti-Markovnikov addition product.
The case of the hydrobromination is specially problematic due to its quite harsh conditions that
are not compatible with several functional groups and, frequently, leads to the formation of a
mixture of regioisomers.

Herein, we report the use of TMSBr and oxygen as common reagents in a free radical
hydrobromination process.[4] Its combination with different transition metals such as Cu(I) or Fe(II),
successfully leads to a complete regioselectivity control in the hydrobromination reaction of
alkenes.
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It has been established that the incorporation of fundamental heterocycles in
Multicomponent reactions (MCRs) unlocks novel mechanistic pathways and lead to
unprecedented levels of structural diversity.[1] In this context, azole carboxaldehydes particularly
stand out, as they suffer a polarity inversion along the MCR. They first act as electrophiles upon
their carbonyl moiety, and later, the resulting MCR adducts, being activated azoles, behave as
nucleophilic partners. This chemistry is of significant synthetic importance, as it promotes the
possibility of coupling the initial classical MCR with subsequent domino events to assemble more
complex structures in a one-pot manner (Extended MCRs).[2]
This strategy has been used to access polyheteroatomatic systems through extending the
classical Greobke-Bienyame-Blackburn (GBB) reactions with aminopyridine, indole 3carboxaldehydes and alkyl isocyanoacetates. In these transformations, a cascade of oxidation intramolecular Pictet-Spengler- oxidation sequence sets off, triggered by the in-situ oxidation of
the isocyanide residue to form an imine. While indole 4-carboxaldehyde, furfural and electron-rich
benzaldehydes follow the same oxidative trend, indole 2-carboxaldehyde acts differently and
furnishes complex indolocarbazoles through the condensation of three aldehyde units in a ABC3
fashion.[2] Studying the incorporation of indole 2-carboxaldehydes in other MCRs including the
Yonemitsu reaction further amplified the scope of this pathway, allowing the one-pot access to
6-subsituted indolocarbazoles with a variety of heterocyclic nucleophiles. Being structurally
related to 6-formylindolo[3,2-b]carbazole (FICZ), these compounds were confirmed to be safe
and potent activators of Aryl Hydrocarbon Receptor (AhR), a highly influential regulatory pathway
involved in immune responses, carcinogenesis, xenobiotic metabolism, etc. Thus, the described
MCR-based synthetic approach is being exploited to design novel therapeutic tools targeting the
AhR pathway including PROTACs.
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Spirocyclic moieties are very appealing in medicinal chemistry, as the rigid threedimensional structure of the sp3-rich scaffold orients the substituents towards different directions,
allowing the exploration of new areas of the chemical space in drug discovery programs. For
these reasons, the development of new methods for the synthesis of structurally diverse
spiropyrrolidines have concentrated great interest in the recent years.
The transition metal-free reaction between N-sulfonylhydrazones and boronic acids first
reported by our group [1], has found great application in organic synthesis as an easy
methodology to generate molecular diversity from carbonyl compounds. This reaction proceeds
through the carboborylation of the N-sulfonylhydrazone to give rise a homologated boronic acid
that can undergo protodeboronation or be trapped in a subsequent reaction [2].
We have applied this concept in the reactions of cyclic N-sulfonylhydrazones with
-azidopropylboronic acid and 2-(azidomethyl) phenylboronic acid to obtain spirocyclic
pyrrolidines and spiroisoindolines, respectively. In this transformation, the homologated boronic
acid A generated upon carboborylation of the N-sulfonylhydrazone undergoes the intramolecular
carboborylation of the azide to build the pyrrolidine ring.
The reactions proceed without the need of any transition-metal catalyst in a domino process
that comprises the formation of a Csp3-C and a Csp3-N bonds of the former hydrazonic carbon.
The scope of the reaction has been explored by the preparation of over 50 examples of NHunprotected spirocyclic derivatives. Importantly, this methodology could be applied for the
modification of natural steroids and other biorelevant molecules [3]. Noteworthy, since Nsulfonylhydrazones are readily prepared from ketones, this [4+1] cyclization would consist of a
new disconnection for the synthesis of spirocyclic pyrrolidines by connecting the carbonylic
carbon of a cyclic ketone with both ends of the azidoboronic acid.
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Conjugated polycyclic indeno[1,2-b]fluorenes (IFs) are considered the formally
antiaromatic analogues of pentacene. These molecules feature a central p-quinodimethane unit
with a canonical diradical contribution (figure 1A).[1] The narrow bandgap makes this molecule
and its derivatives attractive for organic electronic devices and complementary to acenes.[2]
However, they have highly reactive apical carbons in the five-membered ring. To increase the
stability of these molecules and to be able to study their properties, it is necessary to protect the
apical position (R-groups). In addition, the variation of the aryl substituents at these positions has
a notable impact on the optoelectronic properties. The most commonly used R-groups are 2,4,6trimethylphenyl (mesityl, Mes) and triisopropylsilene (TIPS) acetylene. The UV-Vis absorption
values achieved so far for the [1,2-b]-IFs range from 516-558 nm.[3]
Herein we present our recent results on the comparison of different [1,2-b]-IF derivatives
presenting different substituents in the para-position of the 2,4,6-substituted aryl acetylene
groups. These molecules are stable, highlighting the efficiency of this group to provide kinetic
stability. In addition, these molecules present UV-Vis absorption values between 600-700 nm
(figure 1B), which represent a bathochromic shift of more than 100 nm compared to the reported
ones. In addition, HOMO-LUMO gap is decreased down to 1.1 eV, which could be of great interest
in the field of molecular electronics.[4]
A)

B)

Figure 1. A) Resonance structures of [1,2-b] IF. B) UV-Vis absorption spectra of different [1,2-b]
IF derivatives.
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Zwitterionic adducts of N-heterocyclic carbene and carbodiimide (NHC-CDI) are an
emerging class of organic compounds. These derivatives are betaines that contain two welldefined moieties with opposed separated charges and exhibit a strongly basic and nucleophilic
character. NHC-CDI have been used as ligands, nanoparticle stabilizers or in the synthesis of
polymers and persistent free radicals, which confers these adducts a promising potential in
different fields, such as Organometallic Chemistry or Materials Science.[1] Moreover, NHC-CDI
betaines exhibit an unexpected reactivity towards organohalogen compounds. We have
previously reported the remarkable reactivity of the betaine ICyCDI(p-Tol) (1a) in a dichloromethane
activation process to give [CH2(ICyCDI(p-Tol))2]Cl2 (2a).[2]

Figure 1. Formation of 2a
The obtention of this compound, which can be envisaged as a [CH2]2+ synthon trapped
between two betaines, paved the way to transform dichloromethane into high added value
products. This process may imply the C-Cl bonds breakup of the substrate and the formation by
nucleophilic substitution of new C-Z bonds, to afford formaldehyde-derived acetals, dithioacetals
and aminals.[3]

Figure 2. Catalytic transformation of dichloromethane
Both 1a and 2a were successfully used as catalysts for the valorization of dichloromethane
in a metal-free process with excellent yields, selectivity and purity. A deeper insight into the
catalytic process have led us to conclude that it involves a phase-transfer catalysis mechanism.
Furthermore, we observed the transformation of 1a and 2a in the catalytic medium into
unforeseen isoureate derivatives to which we attribute the catalytic activity.
References
[1] A. Márquez, E. Avila, C. Urbaneja, E. Alvarez, P. Palma and J. Cámpora, Inorg.
Chem., 2015, 54, 11007-11017; J. R. Lamb, C. M. Brown and J. A. Johnson, Chem. Sci., 2021,
12, 2699.
[2] D. Sánchez-Roa, T. G. Santiago, M. Fernández-Millán, T. Cuenca, P. Palma, J. Cámpora and
M. E. G. Mosquera, Chem. Commun., 2018, 54, 12586-12589.
[3] D. Sánchez-Roa, M. E. G. Mosquera and J. Cámpora, J. Org. Chem., 2021, 86, 16725-16735.
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Imidazole ring represents a priviliged structural motif in functional molecules with a diverse
range of applications. Furhermore, it can be used as ligand due to its pyrimidine-like nitrogen atom
able to coordinate to cationic species.[1] Usually, the synthesis of imidazole derivatives is
performed by the construction of the imidazole scaffold through condensation reactions. One
alternative pathway is metal-catalyzed cross-coupling reactions involving halogenated
imidazoles, but examples are rare due to the -electron excessive character of the imidazole
ring.[2] In this field our research group has been involved in the use of triorganoindium reagents in
cross-coupling reactions for the synthesis of regioselective substituted heterocyclic compounds.[3]
In this communication we report the synthesis, structural analysis and chemosensory ability
of novel fluorescent imidazole-triazole based ligands for 3d divalent metal ions. The synthesis
was achieved through one-pot sequential selective palladium-catalyzed cross-coupling reactions
of different triorganoindium reagents (R3In) with 1-benzyl-2,4,5-triodoimidazole followed by
copper-catalyzed azide-alkyne cycloaddition (click chemistry) in high yields. The photophysical
properties of the imidazole-triazole derivatives displayed large Stokes shifts and strong emission
solvatochromism which support the formation of a very polar excited ICT. One remarkable aspect
is that during the titration, the triazole ring suffers a rearrangement rotating 180º with respect to
the imidazole moiety around the C(4)triaz-C(2)imid bond to act in a bidentate chelating mode,
confirmed by X-ray studies. The stoichiometry binding ratio with different metal ions was
elucidated by spectrofluorometric and spectrophotometric titrations and the formation of
complexes proven by ESI-MS and 1H-NMR experiments. DFT calculations were used to
understand the sensing mechanism and the photophysical response towards 3d divalent metal
ions. Further chemical properties will be present in the communication.

Acknowledgements: We are grateful to the Ministerio de Ciencia, Innovación y Universidades
(PGC2018-097792-B-I00) and Xunta de Galicia (GRC2018/039 and ED431B2020/52) for
financial support. ADL thanks the Xunta de Galicia for predoctoral fellowship.
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During the last years, the concerns about the development of safety, sustainable and
straightforward methodologies as an attempt to minimize the use and generation of hazardous
substances have been acquiring importance in our society, especially within organic chemists,
giving rise to the so-called Green Chemistry. In such a way, our research group has been
exploring the use of fluorinated alcohols as solvents and promoters in organic reactions due to
their unique chemical and physical properties, in comparison to their non-fluorinated analogues.
Particularly, their high hydrogen-bond donor capacity and low nucleophilicity make them perfect
candidates as promoters of reactions involving ionic processes and/or hydrogen-bond
activation.[1] In this sense, over the last years, we became interested in the use of 1,1,1,3,3,3hexafluoroisopropanol (HFIP) in combination with H2O2 as green alternative for the oxidation of
organic compounds, especially nitrogenated ones.[2] Thus, it was decided to perform the oxidative
dehydrogenation of N-heterocycles by using this combination in a metal and catalyst-free
methodology. Furthermore, it is worth to highlight that during the study, it was observed that H2O
could also be employed as solvent in combination of H2O2 for this dehydrogenation obtaining, in
both solvents, good to excellent yields for the corresponding heteroaromatic compounds.[3]
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[2] a) N. Llopis; P. Gisbert; A. Baeza; A.; J. Org. Chem. 2020, 85, 17, 11072-11079. b) N. Llopis;
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Dyotropic rearrangements are a relatively late addition to the pericyclic set of reactions.
They were defined by Reetz in 1972 as pericyclic processes in which two σ bonds migrate
simultaneously. In type-I dyotropic reactions, the migrating groups interchange their relative
positions, whereas in type-II reactions the migrating groups interchange positions with an
insaturation Activation barriers for the dyotropic rearrangement of various dichloroalkanes have
been reported and cluster inside a 35−60 kcal/mol range. Only a few exceptional cases, like that
of 5,6-dichlorocyclohexa-1,3-diene, show lower barriers (25.1 kcal/mol in this case). Type I
dyotropic rearrangements that operate at room temperature use an additional driving force,
normally in the form of pre-existing ring strain [2].
With these precedents at hand we were very surprised when we observed that the attempts
to mesylate 1 and 1epi at −78°C yielded different results and that in the case of 1 the transformation
seemed to be compatible with a type-I dyotropic rearrangement (see figure) [3].
The reaction mechanism is studied in order to gain insight into the underlying causes for
the low thermal requirements in this reaction and the nature of the chirality transfer process [4].
Interestingly, both result from an unprecedented dyotropic reaction involving a mesylate group.
Due to the very common structural motifs that this process connects (hydrindane and
decalin cores) and the very mild reaction conditions required, this reaction could be exploited in
the laboratory for numerous synthetic targets. Decalins are actually bicyclic frameworks that are
often found in numerous polyterpenoid and steroid natural products with interesting biological
activity [5].
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Climate change concerns have spurred a growing interest in developing environmentally
friendly technologies for energy generation, such as green H2 from water splitting. Moreover, the
electrochemical reduction of CO2 (CO2RR) into value-added chemicals and fuels offers an
additional possibility to store renewable energy into chemical bonds. It is therefore of particular
interest to develop efficient, selective and durable electrocatalysts that can operate under mild
reaction conditions. The latter however requires fundamental understanding of their structure and
surface composition under reaction conditions. It should be kept in mind that even morphologically
and chemically well-defined pre-catalysts will be susceptible to drastic modifications under
operando conditions, especially when the reaction conditions themselves change dynamically.
This talk will make use of a multi-technique in-situ/operando experimental approach to
provide new insights into CO2RR1 as well as the oxygen evolution reaction2 in water splitting. A
synergistic combination of LC-TEM, EC-AFM, NAP-XPS, XAS, GC/MS, XRD and Raman
Spectroscopy, coupled with machine learning-based data analysis, has been employed to
investigate the time-dependent chemical and structural changes in mono and bimetallic
electrocatalysts under reaction conditions.
Some of the aspects that will be discussed here include: (i) the design of size- and shapecontrolled catalytically active nanoparticle (NP) pre-catalysts (Cu2O cubes, Ag@Cu2O,
ZnO@Cu2O cubic NPs, CoOx NPs), (ii) the understanding of the active state formation and the
correlation between the dynamically evolving structure and composition of the electrocatalysts
under operando reaction conditions and their activity and selectivity.
Our studies are expected to open up new routes for the reutilization of CO2 through its
direct conversion into industrially valuable chemicals and fuels such as ethylene and ethanol and
the generation of green H2 through water splitting.

References
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Mimicking photosynthesis and producing solar fuels is an appealing way to store the huge
amount of renewable energy from the sun in a durable and sustainable way. Hydrogen production
through water splitting has been set as a primary target for artificial photosynthesis,[1] which
requires the development of efficient and stable catalytic systems, only based on earth abundant
elements,[2] for the reduction of protons from water to molecular hydrogen or the reduction and
valorization of carbon dioxide. We will report on our contribution to the development of various
series of catalysts for H2 evolution and CO2 reduction,[3] including the establishment of
methodologies towards the rational benchmarking of their catalytic activity. Besides, we will also
describe our effort towards the combination of such catalysts with various photoactive motifs for
the preparation of photoelectrode materials[4] that can be implemented into photoelectrochemical
(PEC) cells for water splitting.[4d]
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Thin film devices powered by sunlight can produce sustainable energy carriers and chemicals
and thereby mimic the shape and function of plant leaves. This presentation will give an overview
of our recent progress to construct prototype devices for the conversion of water, carbon dioxide
and solid waste streams into fuels and chemicals. Specifically, a standalone
‘photoelectrochemical leaf’ based on an integrated lead halide perovskite tandem solar cell has
been built for the solar CO2 reduction to produce syngas.[1] Syngas is an energy-rich gas mixture
containing CO and H2 and currently produced from fossil fuels and the ‘green’ production of
syngas may enable the synthesis of renewable liquid oxygenates and hydrocarbon fuels. The
tandem architecture also allows for the integration of biocatalysts and the selective and bias-free
conversion of CO2-to-formate has been demonstrated using enzymes.[2] An alternative solar
carbon capture and utilisation technology is based on co-deposited semiconductor powders on a
conducting substrate. Modification of these immobilised powders with a molecular catalyst
provides us with a photocatalyst sheet that can cleanly produce formic acid from aqueous CO2.[3]
The deposition of a single semiconductor material on glass gives panels for the sunlight-powered
conversion plastic and biomass waste into H2 and organic products, thereby allowing for
simultaneous waste remediation and fuel production.[4] The concept and prospect behind these
integrated systems for solar energy conversion, related approaches,[5] and their relevance to
secure and harness sustainable energy supplies in a fossil-fuel free economy will be discussed.
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Correlating activity, selectivity and stability with the structure and composition of catalysts is
crucial to advancing the knowledge in chemical transformations which are essential to move
towards a more sustainable economy. Among these, the electrochemical CO2 reduction reaction
(CO2RR) holds the promise to close the carbon cycle by storing renewable energies into chemical
feedstocks. Yet it still suffers from the lack of efficient, selective and stable catalysts.
In this talk, I will showcase a few examples which highlight how shape-controlled nanocrystals
can contribute to address the selectivity challenge in CO2RR. First of all, I will discuss how size
control of Cu nanocubes (Cucub) and Cu octahedra (Cuoh) has revealed the importance of facetratio to maximize the selectivity towards ethylene and methane, respectively. [1-3] Second, I will
present our recent computational-experimental efforts towards using well-defined NCs, in the
framework of a tandem scheme based on the coupling of Cu NCs with CO-generating Ag, to
elucidate selectivity rules at the hydrocarbons/alcohols branching nodes in the CO2RR pathway
and increase ethanol production. [4,5] Finally, I will discuss a few examples of Cu-based bimetallic
catalyst which evidence the opportunities and challenges in this area. [6,7]
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Catalysis is key in the future development of green chemistry and in the renewable
production of chemicals and fuels. However, this transition requires a new approach to catalysis,
as central chemical reactions cannot be catalyzed with existing materials. The grand challenge is
to discover new catalyst materials, which are both stable and active. We identify three energy
conversion reactions, which are corner stones for the green transition and in urgent need of new
catalysts.
High Entropy Alloys are solid solutions where five or more elements are mixed randomly
together. The realization of HEAs has opened for a vast composition space with a practically
infinite number of new not yet explored catalyst materials. We can tune their properties by
smoothly change their composition. This has led to the statement that: HEA is a shift of paradigm
“from using the materials we have, to engineer the materials we need”. The hypothesis is that
among the HEAs there are catalysts with superior stability and activity for the important green
reactions.
I will present the challenges regarding simulations and prediction of the relation between
surface structure and catalytic activity on HEA surfaces. Further, I will show studies where the
flexibility of the vast chemical space of HEAs is utilized to predict new catalysts.
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Platinum is simultaneously one of the scantest and most versatile electrocatalysts. While
significant research efforts are ongoing to replace it, another plausible strategy is the design of
optimal Pt electrocatalysts with maximal utilization. In the latter case, the most active sites for
each reaction need to be unmistakably determined and fully exploited. A tool for that purpose are
“generalized coordination numbers” (GCNs).
In my talk, I will show that GCNs capture adsorption-energy trends for strained and
unstrained Pt sites on extended surfaces and nanoparticles of different shapes and sizes.[1, 2]
Besides, I will show that “coordination-activity plots” making use of GCNs are able to
outline the geometric configuration of optimal Pt sites for three crucial electrocatalytic reactions:
oxygen reduction,[3, 4] carbon monoxide oxidation,[5] and hydrogen evolution.[6]
Time permitting, I will show that GCNs can be used to analyze two important subjects in
electrocatalysis: the puzzling selectivity of organic reactions depending on the structure of Pt
electrodes,[7] and adsorbate solvation.[8]
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The fair climate transition is one of the main topics supported within the European Union
long-term budget from 2021-2027 with 30% of the total budget devoted to fight climate change
[1]. Considering the increasing energy demand worldwide, new energy sources should be
incentivized to replace fossil fuels and, therefore, new technologies should be further developed
to generate and store energy in a more efficient way, diminishing the environmental imprint of the
current methodologies for the obtention of key industrial chemical compounds. Catalytic
processes are of the utmost importance in order to achieve these objectives and the same applies
for all those techniques that can help us to unveil the mechanisms of catalytic reactions and
understand the catalysts’ reactivity and selectivity. Synchrotron characterization techniques are
one of the tools that allow obtaining valuable spectroscopic and structural information of the
materials/samples of interest. Because of this, the application of synchrotron instrumentation for
catalytic studies has experienced a dramatic increase during the last decades with special
emphasis on the development of in situ/operando capabilities.
In this contribution, we describe synchrotron-based Near Ambient Pressure X-ray
Photoemission Spectroscopy (NAP-XPS) results concerning catalytic studies on the Ethanol
Steam Reforming (ESR) reaction, one of the routes for cleaner energy applications by enabling
in situ hydrogen production. NAP-XPS has experienced a boost in the last two decades as a
powerful tool to investigate surface chemical processes under more realistic conditions,
minimizing the pressure gap with respect to the UHV conditions traditionally applied. Determining
the chemical surface composition of the catalyst during its operation is essential to understand
how the catalyst works. In practice, the metallic nanoparticles are dispersed on a support which
is often an oxide with an important role as a key factor influencing the surface composition, as it
was demonstrated for RhPd bimetallic nanoparticles (NPs) supported on CeO2 [2]. The support
nanoshape is another important factor that can affect the atomic distribution and the electronic
structure of catalysts under reaction conditions. In this work, different ceria nanoshapes
supporting the same loads of preformed RhPd bimetallic NPs of uniform size were studied by
NAP-XPS during ESR reaction conditions. The results showed different surface distribution and
oxidation states depending on the nanoshape that help to understand the different reactivity and
selectivity obtained in conventional catalytic tests [3].
New tools for operando characterization available at ALBA Synchrotron Light Source will
also be briefly described [4].
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Water splitting is one of the key processes for many applications related to energy storage and
conversion. Water oxidation or oxygen evolution reaction (OER) is still considered the most
challenging step in water splitting since it is a more complex transformation than proton reduction.
Cobalt-based metal organic frameworks (MOFs) have recently attracted great interest due to their
notable electrocatalytic OER activity and the abundance of this metal in the earth.1,2
Herein, a new cobalt metal−organic framework (2D-Co-MOF) based on well-defined layered
double cores that are strongly connected by intermolecular bonds has been developed (Figure
1a). In situ electrochemical activation of a 2D-Co-MOF@Nafion composite deposited on a
graphite electrode produces a well dispersed and ligated nanostructuration of the composite
promoting intimate interactions between both components, and more abundant electrochemical
active sites, where metal centers retain its coordinative chemistry thereby without affecting the
intrinsic electrocatalytic properties of the active cobalt centers for OER. The so-activated 2D-CoMOF@Nafion exhibits an outstanding electrocatalytic performance for the OER at neutral pH and
a high robustness (Figure 1b). The particular coordination chemistry of the MOF consisting of a
regular arrangement of multiple Co(II) redox metal sites connected by appropriate organic ligands
can explain the higher catalytic activity of the present MOF.

Figure 1. (a) X-Ray structure of 2D Cobalt-MOF and (b) its electrocatalytic OER performance.
Authors thank the financial support by the Spanish Government (RTI2018-096399-A-I00) and
Junta de Andalucía (P20 01027 and PYC 20 RE 060 UAL).
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Understanding and tailoring the structure of the electrochemical interface at the atomic
level is key to elucidate the principles for the rational design of new electrocatalysts for renewable
energy conversion. This talk will focus on the development of novel electrocatalyst materials as
well as structure sensitivity and electrolyte effects for oxygen evolution and carbon dioxide
reduction for the production of valuable fuels and chemicals. First, I will present our work on high
surface area Ir-based networks as active and stable electrocatalysts for oxygen evolution.1 Then,
I will highlight the importance of carrying out model studies on Cu-based well-defined surfaces
and engineered interfaces to understand structure-properties relations for CO2 and CO
reduction.2,3 We have investigated the effect of pH, specific anion adsorption and potential
dependence for CO reduction on Cu single-crystalline electrodes.3,4 Finally, I will show our
progress on the development of electrochemical methods to assess the structure and distribution
of facets and defects on single-crystalline, polycrystalline and nanostructured Cu-based
electrodes.5 Our work illustrates how combining model studies with advanced materials and
experiments carried out under realistic conditions is key to design efficient electrocatalysts for the
production of renewable fuels.
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A mechanistic understanding of electro- and photocatalytic CO2 reduction is crucial to develop
strategies to overcome their catalytic bottlenecks.[1] In this regard, for a CO2-to-CO reduction
cobalt aminopyridine catalyst, we have performed a detailed theoretical mechanistic study in
combination with in situ measurements. The results obtained allowed us to identify the main
bottlenecks of the catalysis, for which we have suggested potential strategies to alleviate them.
We have characterized all the elusive key electrocatalytic intermediates derived from complex
[LN4Co-(OTf)2] (1) (LN4 = 1-[2-pyridylmethyl]-4,7-dimethyl-1,4,7-triazacyclononane) such as a
highly reactive cobalt(I) (1(I)) and a cobalt(I) carbonyl (1(I)-CO) species. In an efficient synergy
with spectroelectrochemical studies, the DFT calculations disclosed that 1(I) reacts with CO2 to
form the pivotal 1(I)-CO intermediate at the 1(II/I) redox potential. However, at this reduction
potential, the formation of 1(I)-CO restricts the electrocatalysis due to the endergonicity of the CO
release step. In agreement with the experimentally observed CO2-to-CO electrocatalysis at the
CoI/0 redox potential, computational studies suggested that the electrocatalytic cycle involves
striking metal carbonyls. In contrast, under photochemical conditions, the catalysis smoothly
proceeds at the 1(II/I) redox potential. Under the latter conditions, it is proposed that the electron
transfer to form 1(I)-CO from 1(II)-CO is under diffusion control. Then, the CO release from 1(II)-CO
is kinetically favored, facilitating the catalysis. Finally, we have envisioned that under
electrocatalytic conditions the light irradiation can serve as an effective strategy to circumvent the
CO poisoning and improve the performance of CO2 reduction molecular catalysts. Computational
modeling of the different catalytic mechanisms in broad potential and pH windows allowed for the
rationalization of our experimental observations.

Scheme 1. Proposed unified mechanism for photo- and electrochemical CO2 reduction catalyzed
by 1(II) with relevant catalytic intermediates based on experimental evidence (dotted boxes) and
DFT calculations
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CO2 accounts for 65% of greenhouse gas emissions worldwide, causing several
environmental issues including global warming and extreme weather events. Decarbonizing the
industrial production has become a priority at global level, and carbon capture and utilization
(CCU) technologies are expected to increasingly attract public and private investment as key
players for a future low-carbon, circular economy. Among CCU technologies, microbial
electrosynthesis (MES) is emerging as a potential bio-process to convert CO2 to a wide range of
green chemicals, mainly carboxylic acids and alcohols, most of which are currently produced from
fossil-based precursors.[1] In MES cells, specific microorganisms act as a cheap, self-reproducing
catalyst for bioelectrochemical CO2 reduction either by directly harvesting electrons from a solid
electrode, or through mediators (mainly electrochemically produced H2). Such organisms are selfregenerating and active under mild operation conditions (mostly 20-35 °C). In this research
project, a hybrid MES cell equipped with a photoanode is under development to exploit solar light
to generate reducing power for the cathodic CO2 conversion, reducing the external energy
requirements of the cell.
A bespoke three-chamber cell prototype (200 mL volume each chamber) was designed
and 3-D printed in UV-cured resin material for lab-scale experiments. The cell is equipped with a
gas diffusion biocathode and a photoanode (that are currently being optimized separately) divided
by a proton exchange membrane. In a preliminary study on biocathode development, triplicate
cells were inoculated with a pre-enriched mixed culture of CO2-reducing microorganisms and
operated for over 40 days at 20°C with a constant reductive current of 0.25 or 1 mA/cm2 provided
by a potentiostat. Pure CO2 was supplied as inorganic carbon source at a constant flow rate of 2
mL/min. CO2 was converted to acetic acid by the microbial community with high selectivity
(>99%). The highest average production rate (55.4 ± 0.1 g/m2/d) and Coulombic efficiency (82.4
± 0.1%) were obtained at an applied current of 1 mA/cm2. Although promising production rates
were achieved, the normalized production of 56.5 ± 2.9 kgacetate/MWhel consumed is still low to
ensure economical sustainability.
To decrease the power demand, BiVO4-based photoanodes are being developed and
optimized (in terms of photocatalyst synthesis and electrode preparation techniques) to achieve
the high (i.e., mA/cm2 range) and stable (i.e., weeks or months) photocurrent output required by
the hybrid cell.[2] The BiVO4 photocatalyst was synthesized with different morphology (leaf-like,
hollow sphere and egg-like structures). Each photocatalyst material was then mixed to either an
ionic or non-ionic co-factor to form a paste which was then deposited as a thin layer (60 μm) on
fluorine tin oxide (FTO) glass by doctor blade and calcinated. The photocatalytic activity of each
material was tested by linear sweep voltammetry (LSV) and chronoamperometry (CA) under dark
and illuminated (1 sun) conditions. The three materials showed photocatalytic activity under a
wide potential range (from 0.4 to 1.6 V vs Ag/AgCl), and a highest stable photocurrent of 0.15
mA/cm2 was achieved with the flower-like structured BiVO4 material.
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Development of the concept of reticular chemistry applied to the assembly of organic
structures offered an unprecedented research playground that resulted on the isolation of
covalent organic frameworks (COFs) and their amorphous counterparts known as porous organic
polymers. In this family of materials, the geometry and length of the monomers determine the
structure, dimensionality, topology, pore size, and pore shape of the framework. Furthermore, the
physicochemical properties of the organic materials can be predetermined by the accurate design
of molecular precursors. Therefore, many applications can be envisaged thanks to the chemical
and structural fine-tuning possible in their design and construction. Among them, heterogeneous
catalysis stands out for being fundamental in the synthesis of a wide variety of chemical products.
A particularly interesting kind of catalysis, initially developed from a molecular perspective, is
photocatalysis. Now, design of COFs allows transferring to extended organic materials concepts
initially developed for photo-catalysts at the molecular level. Thus, a wide range of opportunities
can be explored in the design of light-harvesting and photocatalytic heterogeneous systems.[1]
Following these ideas, during the last few years, we developed a series of COFs able to
harvest light energy to overcome kinetic and/or thermodynamic barriers, triggering, directing and
accelerating reactions in presence of light that otherwise would be prohibitive. In particular, we
studied conjugated undecorated COFs in aerobic photocatalytic sulfoxidation processes.[2] We
optimized this process by incorporating photoactive Platinum moieties as structural defects,
resulting in the isolation and immobilization catalytic sites on porous frameworks.[3] Moreover, we
added phenantroline units in the organic backbone of COFs, which coordinate Ir(III) and Ni(II)
centers able to cooperate in light mediated C(sp3)-C(sp2) couplings.[4] In addition, pristine
phenantroline-containing materials revealed an outstanding ability to trigger challenging
photoredox transformations useful for the synthesis of complex organic molecules. Furthermore,
incorporation fenil-fenotiazine (PTH) fragments in the structure of COFs allowed to develop
protocols for photo-degradation of molecular and biological pollutants commonly found in waste
water.[5] The advances presented in this communication contribute to the understanding of the
principles that govern the improved activity of photocatalytic systems based on COFs. To this
respect, the following factors should be considered: porosity, conjugation, active site isolation and
immobilization and proximity between centers working synergistically. Overall, we report the first
steps of our journey to discover the many possibilities that covalent organic frameworks offer to
achieve different light-mediated challenging chemical processes in an efficient, recyclable and
environment-friendly manner.
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The mitigation of climate change effects requires the use of alternative materials and
technologies, to control CO2 atmospheric levels through its capture and reuse. CO2 is the most
abundant renewable carbon source in nature and can be used as C1 building block to prepare
high value products Despite the large number of recent reports related to CO2 activation
strategies, a viable solution with potential industrial applicability is lacking due to the harsh
conditions or low productivities. Catalysis plays a key role in the development of efficient and
sustainable processes. Viable solutions need to design advanced materials with tailored
properties in molecular and atomic level according to the valorisation reaction.
Ionic liquids (ILs) and their covalently supported analogues (SILs) are multifunctional
materials with the capacity to capture and activate CO2 at low pressure and temperature. [1,2] With
the correct combination of the cation/anion/solvent IL-based materials present buffer-like behavior
in solution, acting as very mild bases that shift the thermodynamic equilibrium to the product side,
creating an adequate environment to activate the CO2 and efficiently convert in value products
(e.g. formic acid). [3] Additionally, the design of hydrogen bond functionalities allows the efficiently
CO2 cycloaddition to a broad range of epoxides, yielding cyclic carbonates.[5]
Here, multifunctional IL-based materials applied to different CO2 valorisation reactions are
reported, to produce cyclic carbonate from the CO2 cycloaddition to epoxide and the production
of formic acid by the CO2 hydrogenation (Figure 1). The balance between the catalyst
functionalities is the key to decrease thermodynamic barriers and to selectively convert CO2 into
values products. Currently, we have been working to cross from batch reactions to continuous
flow, combing the catalytic ability of ILs and SILs and the structured reactors prepared by additive
manufacturing (AM).[4] The combination of the catalyst structure, buffering environment, hydrogen
bond ability and flow chemistry resulted in promising catalytic activity in different CO2 valorisation
reactions. [2-4]
A)

B)

Figure 1. A) Multi-functional ILs for highly-efficient base-free CO2 hydrogenation to formic acid.
B) Continuous-flow 3D printed SIL-based structured reactors for CO2 cycloaddition to cyclic
carbonates.
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Hydrogen generation from water using solar light will be a process of paramount
importance in the forthcoming decarbonized society. This reaction requires of efficient
photocatalysts based on earth-abundant elements. Metal-free carbon semiconducting materials
are very appealing in this regard. With the long term objective of developing competitive
photocatalysts, we have synthesized from pyrolysis of α-, β-, and γ-cyclodextrins, porous 3D
graphitic carbon nanoparticles with remarkable crystallinity, in which the pore dimensions range
from 0.74 to 1.1 nm in the ultra/micropore size as determined by N2, Ar, and CO2 adsorption.

Pictorial representation of the synthesis of microporous graphitic carbons, with controlled
pore size, from the different cyclodextrins.
These materials behave as semiconductors with the potential energy of the conduction and
valence bands being remarkably dependent on the dimensions of the micropores. Importantly,
these 3D porous graphitic carbons generate H2 and O2 from H2O in the absence of any metal
cocatalyst. [1] Theoretical calculations at the DFT level confirm in models the influence of the
dimensions of the pores, the presence of defects, and residual oxygen on the band energy and
that the occurrence of H2O dissociation is favoured inside the pores by a confinement effect. In
addition, theoretical studies predict that doping the structure with different heteroatoms (N, P)
could be a way to modulate de band alignment of the semiconductor. Then, going one step further
in our research, we have demonstrated experimentally, that “band engineering” to align energy
levels can be achieved by doping with different heteroatoms. [2] Herein, it is shown that N and P
doping of these microporous graphitic carbons increases the valence band edge energy of the
material, and the energy value of the conduction band decreases with the heteroatom content. In
this way, heteroatom doping increases the activity of these metal-free materials in photocatalytic
overall water splitting, with a productivity up to 200 μmol H2/g of catalyst at one sun in 4 h under
simulated sunlight and visible-light illumination.
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Oxygenated moieties are common in molecules of relevance in industrial and scientific
contexts, and their preparation via oxidation of hydrocarbon skeletons is the most straightforward
and convenient method. However, contemporary oxidation methodologies are often based on
heavy metal oxides and toxic organic oxidants exhibiting poor atom economy and producing large
amounts of waste.[1] For this reason, the development of sustainable oxidation methods targeting
alkane and alkene motifs is a subject of current importance.
One appealing option is the use of catalytic systems based on first row transition metals
because of their high availability and its limited cost and toxicity. Taking inspiration from iron
oxygenases, iron and manganese coordination complexes have been prepared in the last
decades and explored as catalysts in oxidation reactions using peroxides as oxidants.[2] Although
great advances have been made in the field, with only few notable exceptions, site selective and
enantioselective oxidations remain an unsolved problem.
Coordination complexes with chiral N-based tetradentate ligands constitute one of the most
promising families of catalysts, because in combination with hydrogen peroxide, they form high
valent metal-oxo species that are powerful oxidants capable of selectively hydroxylating alkane
and alkene moieties. The structure of this complexes is modular and can be readily modified to
tune both the steric and the electronic properties of the catalysts, which may have an impact in
the activity and enantioselectivity of the reactions.[3]
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Herein, we present recent advances done in the preparation of new catalysts and their
application in the oxidation of hydrocarbons.
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FEW ATOMS METAL CLUSTERS WITH HIGH CATALYTIC AND
CYTOTOXIC ACTIVITY CHARACTERIZED BY X-RAY ABSORPTION
SPECTROSCOPY
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Here, we show four examples of how XAS techniques are very useful to provide an exhaustive
information about the oxidation state and coordination environment of MCs and SACs (Figure 1):
- Pd SACs spontaneously formed after dissolving in neat benzyl alcohols. The gram-scale
preparation and stabilization of Pd SACs within the functional channels of a novel methylcysteine-based metal–organic framework (MOF) was accomplished, to give a robust and
crystalline solid catalyst.[1]
- Ligand-free, few-atom Pd Cs in solution that catalyse the α-selective intramolecular Mizoroki–
Heck coupling of iodoaryl cinnamates. The α-selective intermolecular coupling is also achieved
with Pd Cs encapsulated within fine-tuned and sterically restricted zeolite cavities.[2]
- Pd oxidated sizes stabilized by MOF structures composed by very electron poor -donor
ancillary ligands and catalyze oxidation reactions.[3]
- Pt Cs prepared in water by just adding a biocompatible extremely mild external reductant. The
PtCs show 400 times higher antitumoral activity than cisplatin and thousand times higher activity
than Pt NPs for various cancer cell lines.[4]

Figure 1. Top left: schematic representation for the oxidation of benzyl alcohol catalyzed by
Pd SACs in MOFs. Right. NEXAFS spectra of the Pd SACs in solution and in MOF. Bottom:
fitting representation for Pd SACs in solution (left) and in the MOF (right).
References
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ATOMICALLY PRECISE METAL NANOCLUSTERS AS CATALYSTS FOR
CO2 ELECTROREDUCTION
Sara Goberna-Ferrón,a Noelia Barrabésb and Hermenegildo Garcíaa
a

Instituto de Tecnología Química (UPV-CSIC), Valencia, Spain

b

Institute of Materials Chemistry, TU Wien, Vienna 1060, Austria
e-mail: sgobfer@itq.upv.es

Keywords: Nanoclusters, Metals, Carbon dioxide, Electrocatalysts, Electrochemical CO2
reduction, Structure-activity correlation, Nanoengineering.
Gold-based materials hold promise in electrocatalytic CO2 reduction reaction (ECO2RR) to
fuels.[1] However, the polydispersity of conventional gold nanostructures limits the fundamental
understanding of structure-activity relationships, which remains the bottleneck for further catalyst
development. This problem can be overcome using a novel class of catalysts that lie in the
transition regime between small molecules and NPs: Atomically precise ligand-protected metal
nanoclusters (MNCs). Contrary to NPs, MNCs are monodisperse particles with a defined
composition that can be structurally characterized at the atomic level.[2] Thus far, apart from a
few examples,[3][4] most of the research on MNCs has made use of noble metals, which may not
be very useful for practical applications due to their scarcity (and high cost). There is plenty of
room, however, to explore more abundant metals, their alloys, and composite materials. In this
context, Cu is of especial interest because of its capacity to reduce CO2 into hydrocarbon fuels.[5]
Herein, in this communication we report our preliminary results Cu doping eﬀect on CO2 reduction
by comparing Cu-doped CuxAu25-x and homogold Au25 nanoclusters (both protected by thiolates)
that share an identical core structure. Our results highlight how atomically precise nanoclusters
can be used as a platform to study composition and structure-dependent catalytic reactions and
tailor the catalyst stability and performance.
REFERENCES:
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108

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S02-FP04

A COMPUTATIONAL STUDY OF THE ELECTROCHEMICAL CYANIDE
REDUCTION FOR AMBIENT AMMONIA PRODUCTION ON A NICKEL
CATHODE
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The current climate crisis has drawn attention to the sustainable production of chemical
precursors in a bid to reduce greenhouse gas emissions and a reliance on fossil fuels. An
important example of this is the case of ammonia production. Ammonia, being one of the most
mass-produced compounds, has an industrial process that relies on high temperatures and
pressures, as well as pure hydrogen gas generated by the environmentally damaging steam
reforming process. Hence, developing alternative and sustainable routes to ammonia production
independent of the above caveats is essential.
The crucial, yet environmentally unfriendly, Haber Bosch process has prompted substantial
research efforts into the electroreduction of N2 (N2RR) at ambient conditions. However, this in
itself is not without challenges, namely N2 activation and the competing hydrogen evolution
reaction.[1] An attractive alternative to circumvent some of these challenges is through the
valorisation of already fixed nitrogen sources, such as cyanide. The electroreduction of cyanide
(CNRR) offers several advantages to N2RR, such as a lower bond dissociation energy than N2
and the formation of both NH3 and CH4.[2] Hence, the CNRR can open the way to the sustainable
production of two valuable chemical feedstocks from a substrate that is prolific in nature, food
waste and industrial tailings from mining.
Herein, we present the first mechanistic study of the cyanide electroreduction on a Ni
cathode, experimentally shown to produce CH3NH2 as a major product, and CH4 and NH3 as
minor products.[2] Theoretical calculations reveal that the dominance of CH3NH2 in the products
is caused by its weak binding to the cathode, preventing further hydrogenation to CH4 and NH3.[3]
We also present an alternative CNRR pathway which involves the hydrogen atoms comprising
the predicted surface coverage at relevant reaction conditions. This alternative pathway avoids
the formation of CH3NH2, exclusively producing CH4 and NH3, although it is hindered by the
presence of a large energy barrier (see Figure). The inclusion of solvent effects and their influence
on the stability of CNRR intermediates and the overall catalytic activity will also be discussed.
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PYRIDINE-CAPPED RUTHENIUM NANOPARTICLES FOR
ELECTROCATALYTIC HYDROGEN EVOLUTION
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Replacing fossil fuels by clean energy vectors together with growing energy needs is one
of the most challenging issues humanity is currently facing. Obtention of hydrogen from the
catalytic water splitting reaction is an attractive solution to the energy problem.[1] The use of metal
nanoparticles (NPs) in catalysis is advantageous in front of massive heterogeneous metal
electrodes as the number of superficial active sites per volume of catalyst is increased, still
keeping good robustness.[2] Here, we show Ru NPs stabilized by pyridine ligands which are
among the state-of-the-art electrocatalysts for the hydrogen evolution half reaction (HER) in acidic
and basic media, outperforming commercial Pt. The synthesis of these NPs is carried out by the
organometallic approach in the presence of different pyridine-based ligands and hydrogen
pressure in mild conditions, which allows a good control of the surface state.[3] Ligands studied as
stabilizers of Ru NPs are 2-phenylpyridine (2PP), 3-phenylpyridine (3PP), 4-phenylpyridine (4PP)
and 4′-(4-methylphenyl)-2,2′:6′,2′′-terpyridine (MPT). The NPs are partially oxidized upon
controlled air exposure to give core shell Ru@RuO2 NPs but retrieve pure metal(0) Ru NPs under
catalytic conditions. The experimental data obtained in electrocatalytic HER has been correlated
with theoretical modelling of the nanoparticles by DFT, showing that the exchange current density
obtained experimentally is related to the calculated Gibbs adsorption free energy of hydrogen
atoms at the surface (GH*). The changes in the electrocatalytic activity are related to the capping
ligand.
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CONTROLLING THE SELECTIVITY OF GRAPHENE-SUPPORTED
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Industrial catalysts are usually based on well-dispersed metal nanoparticles (MNPs)
supported on high surface area materials. However, supported MNPs present a great number of
surface active sites of different nature, which can transform the reactants in different ways.
Therefore, to control the selectivity of supported MNPs is always a challenge. In this sense, we
can find different strategies to control the selectivity of supported MNPs: (i) by the functionalization
of the support, which introduces new active sites that can work in a collaborative way with the
metal centers (Figure 1a), (ii) via the introduction of a second metal that transforms the surface
chemistry of MNPs and (iii) through the use of ancillary ligands that can modify the substrate–
metal surface interactions during the catalysis.
Following these strategies, we have modulated the selectivity of graphene-supported Ru
NPs prepared by an organometallic approach.[1] More specifically, by functionalizing a reduced
graphene oxide (rGO) with NH2 groups, we improved the selectivity of supported Ru NPs
(Ru@NH2-rGO) in the hydrogenation of fatty acids to alcohols (Figure 1a).[2] In addition, through
the introduction of a second metal such as platinum, we were able to enhance the selectivity of
Ru@NH2-rGO in the hydrogenation of acetophenone to 1-phenylethanol (Figure 1b). This
bimetallic material also showed a high activity and selectivity in the hydrogenation of
hydroxymethylfurfural (HMF), a biomass platform molecule.[3] Finally, we were also able to
control the selectivity of graphene-supported Ru NPs (Ru@rGO) by the use of organic modifiers,
such as pyrene-tagged N-heterocyclic carbenes (Ru@rGO/pyr-IMes; Figure 1c).[4]

Figure 1. a) Ru NPs supported on rGO functionalized with NH2 groups (Ru@NH2-rGO). b)
Bimetallic Ru-Pt NPs supported on NH2-rGO (RuPt@NH2-rGO). c) Ru NPs supported on rGO
and modified with pyrene-tagged N-heterocyclic carbenes (Ru@rGO/pyr-IMes).
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INSIGHTS INTO THE CO2 REDUCTION REACTION USING CNC-PINCER
NICKEL(II) COMPLEXES
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The rising interest for developing electrocatalytic processes for sustainable chemistry led
to a sharp increase in the number of transition-metal complexes investigated for archetypal
reduction (O2, H+, CO2) reactions. Mainly tested under homogeneous conditions, the nature of
the catalytic species involved in these reactions is still too often overlooked, and the integrity of
the initial complexes frequently assumed over the entire experiment time, even for newly
introduced complexes. A lack in the characterization of the actual catalytic entities and of a fine
monitoring of the evolution of the performances of the systems over time makes such
assumptions questionable. Here, with the aim of getting insights into the formation and evolution
of active species for the electrodriven CO2 reduction reaction (CO2RR), a family of nickel(II)
complexes bearing bis(NHC) CNC pincer was synthesized. The investigation of their catalytic
activities towards CO2RR reveals that the nature of the ligands remains a pivotal parameter
governing both the activity and selectivity of these systems, even though all complexes appear to
evolve into Ni-based nanoparticles (NPs) under turnover conditions. For instance, under potential
controlled electrolysis run in CO2 saturated acetonitrile – water mixtures, C1a leads to higher
current densities than C1b and C1c and distinct reaction selectivity are observed for the three
systems. In this presentation, we will sketch a first picture of the complex catalytic modus operandi
of these intriguing systems.

Figure 1. C1a-c catalysts prepared and used in this work.
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The development of sustainable strategies for the controllable preparation of bimetallic
nanostructured catalysts has gained attention in the past decade. Metal electrodeposition in deep
eutectic solvents (DES) has emerged as a versatile, green and affordable alternative to prepare
bimetallic nanostructures. DES show wide potential limits, enough conductivity, high solubility of
the majority of the metals and do not require surfactant agents or additives for controlled growth
of the nanostructures.1 In this communication, I show the preparation of different mono and
bimetallic nanostructures via electrodeposition in a deep eutectic solvent. The selected DES was
choline chloride and urea in the molar ratio 1:2. Among other bimetallic nanostructures, we have
investigated the co-deposition of Cu-Au,2 and Pd-Au3. We have assessed how bath composition
and applied potential parameters affects the growth, morphology and chemical composition of the
bimetallic nanostructructures. We have also assessed the formic acid oxidation on Pd-Au, finding
that nanostructures with ca. 50% of Pd and Au display the best activity in relation to the Pd mass
loading. Additionally, I also explain the easy preparation of IrOx nanocatalysts for oxygen
evolution reaction (OER) via galvanic displacement of electrochemically deposited Ni and Co in
DES.4 We have found that Ir prepared via galvanic replacement of Ni (Ir(Ni)) is more active and
stable than Ir(Co) and Ir black nanoparticles. Overall I show a simply and eco-friendly method to
prepare different mono and bi-metallic active nanostructures for different electrocatalytic
reactions.

B) PdAu

A) CuAu

Figure 1: SEM images of A) CuAu nanostructures and B) PdAu nanostructures,
electrodeposited in DES (ChCl:urea) and on glassy carbon.
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Complex solid solution nanoparticles (CSSNPs) are promising candidates for electrocatalysis
[1]. Direct current sputtering (DCS) from an alloy target (Cr-Mn-Fe-Co-Ni) is a promising route to
synthesize CSSNPs into ionic liquids [2]. Due to their low vapor pressure, ionic liquids (salts with a
melting point < 100°C) can be used as liquid substrates in the sputtering processes. In addition, the
ionic liquid itself can act as an electronic and steric stabilizer preventing particle growth and
aggregation, and hence leading to the formation of nanometer-sized particles with unique structures
and compositions.
We developed pathways to produce CCSNPs with different sizes (from 1.3 ± 0.1 nm up to 2.6
± 0.3 nm), crystallinity (amorphous, face-centered cubic or body-centered cubic) and composition into
a library of ionic liquids. We analysed the intrinsic
electrocatalytic properties of the different CSSNPs towards
the oxygen reduction reaction in alkaline media and found
some exceptionally high activity, overperforming Pt NPs
(Figure 1) [3].
Electron microscopy techniques were the key to
understand

the

outstanding

intrinsic

electrocatalytic

behaviour of the CSSNPs and to determine the structureactivity correlations needed for targeted catalyst design.
Using

advanced

aberration-corrected

microscopy
(scanning)

techniques,

such

transmission

as

electron

microscopy and energy dispersive X-ray spectroscopy the
growth mechanism, crystallinity, defects and chemical

Figure 1: Comparison of intrinsic ORR activity
in alkaline media of CSSNPs (into an ionic
liquid library) immobilized on etched carbon
nanoelectrodes.

composition of the nanoparticles were identified.
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AND ITS ROLE IN DESIGNING THE REFINERY OF THE FUTURE
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As we enter the era of catalytic activation of small molecules, such as CO2, CO, N2 and
H2O, to realize the refinery of the future one of the main questions to answer for scientists involve
the coupling of carbon fragments, originating from CO2, either produced at point sources, or
harvested from direct air capture (DAC) units. The overall goal is to manufacture increasingly
complex (and thus value-added) carbon-containing molecules from CO2 or via its intermediates
CO and CH3OH instead of making them from crude oil fractions. This requires a profound
knowledge of the processes taking place at the catalytic surface of both thermo- and
electrocatalytic activation processes of CO2, was well as of the subsequent chemical conversion
processes in which carbon monoxide (Fischer-Tropsch synthesis, FTS), biomethane (selective
C-H activation and methanol (methanol-to-hydrocarbons process, MTH) are used. This is the
topic of the lecture, in which we discuss the latest progress made in our group in understanding
CO2 activation over nickel (thermocatalytic conversion) and copper (electrocatalytic conversion),
as well as the conversion of CO and CO2 over cobalt, the selective conversion of CH4 over
lanthanides and CH3OH over zeolites (MTH). Special emphasis is on the use of in-situ and
operando characterization methods to elucidate reaction and deactivation mechanisms. Some of
our recent article in this field of research can be found in the reference list below [1-4].
For example, by using transient operando infrared and X-ray spectroscopy, we have
studied the C-C coupling and formation of higher hydrocarbons, such as propane and butane,
relative to the main product, methane, formed during CO2 hydrogenation over nickel. It was found
that electronic and geometric effects can be tuned by two main ways; structure sensitivity, and
the proper choice of the support oxide. It was found that the apparent active reaction pathway is
very similar across different support oxides (SiO2, Al2O3, ZrO2, TiO2 and CeO2) and nickel particle
sizes. Reaction intermediates could be identified, while active sites on different nickel metal facets
could be discerned. Theoretical calculations further supported the experimental observations.
Another conceptually important conclusion from our work is that suppressing the hydrogenation
activity of nickel leads to C-C coupled products. Selective suppression of hydrogenation activity
over nickel is one of the biggest challenges, which can also be achieved by using promotor
elements and enhancing the strong metal support effect by creating an increased nickel-support
perimeter, thereby stabilizing specific reaction intermediates needed for C-C coupling.
In a more recent study, we have used in-situ spectroscopy to monitor the electrocatalytic
reduction of CO2 over Cu surfaces with sub-second time resolution. Anodic treatment and
subsequent reduction result in a highly active surface for ethylene production. A dynamic CO
intermediate is found to correlate with the CO-CO coupling and ethylene formation, whereas a
static CO intermediate with a distinct vibration is related to selective CO production. These
dynamic and static CO intermediates could be pinpointed to structural heterogeneities of the Cu
electrode. The lecture ends with mapping out a potential refinery of the future, in which next to
small-molecule activation also the catalytic conversion of large-molecules, such as polymers and
biomass, are playing an important role to make our chemicals and materials.
References
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The electroreduction of CO2 to chemicals has the potential to enable a transition from fossil to
renewable sources in the vast chemical industry – for example to produce clean fuels and
materials for manufacturing. The technoeconomic viability of the CO2 reduction (CO2R)
technology depends on achieving sufficient product selectivity, productivity (or current density),
energy efficiency, and stability. I will present recent advances that, based on the manipulation of
catalyst environment, achieve CO2R to key multicarbon chemicals such as ethylene, ethanol, and
propanol at high selectivity and productivity. With these increasing performance metrics, a crucial
limiting factor in the CO2R technology is CO2 reactant loss – a result of rapid carbonate formation
in alkaline and neutral electrolytes – which brings additional energy penalties. To conclude, I will
provide an overview of some emerging strategies to address this challenge.
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Abstract
The development of complex functional materials poses a multi-objective optimization problem in
a large multi-dimensional parameter space. Solving it requires reproducible, user-independent
laboratory work and intelligent preselection of experiments. However, experimental materials
science is a field where manual routines are still predominant, although other domains like
pharmacy or chemistry have introduced robotics and automation long before. Human interaction
in the process of data acquisition is seen critical due to incomplete assessment of meta-data or
hidden processing correlations which complex reproducibility. Materials Acceleration Platforms
(MAPs) are regarded as an enabling technology for Big Data Material Approaches, leading to an
increased number of concepts and a dynamic evolution of MAP lines. In this talk, I will present
our approach to laboratory automation in materials science with a strong focus on fully functional
devices. AMANDA (Autonomous Materials and Device Application Platform - www.amandaplatform.com) was developed as a generic platform for distributed materials research comprising
a
self-developed
software
backbone and several MAPs. One of them, LineOne (L1), was specifically designed to
produce and characterize solution-processed thin-film devices like organic solar
cells. The unprecedented data quality of LineOne, in combination with Gaussian Process
regression (GPR), allowed us to identify hidden process-functionality correlations which are not
accessible with other methods. In between, LineOne has gained predictive power for the
performance and stability of photovoltaic devices. In the next step, Bayesian Optimization will be
implemented in order to transform LineOne into an autonomously acting MAP for solar cell device
optimization.
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Understanding and controlling the complex and dynamic processes at solid-liquid interfaces in
electrochemical devices like batteries, fuel cells, and electrolyzers holds the key to developing
more efficient and durable technologies for the green transition. Fundamental and performancelimiting interfacial processes like the oxygen evolution/reduction reactions (OER/ORR) in
electrocatalysis [1] and the formation of the Solid-Electrolyte Interphase (SEI) in battery cells span
numerous time- and length scales [2]. Despite decades of research, the fundamental
understanding of structure-property relations remains elusive. Computational modeling at the
scale of density functional theory (DFT) and ab initio molecular dynamics (AIMD) generally
provides sufficient accuracy to describe the making and breaking of chemical bonds at these
interfaces [3]. Still, the calculational cost is often prohibitively high to reach sufficiently long timeand length-scales to ensure proper statistical sampling [4]. Machine learning (ML) potentials offer
a potential solution to this challenge. Still, the training of ML-based potentials capable of handling
liquid (organic or aqueous) electrolytes remains a fundamental challenge since the potential must
capture both intra- and intermolecular interactions in the electrolyte and during chemical reactions
at the interface [5]. Here, we present new approaches for machine/deep learning models to
predict the spatio-temporal evolution of electrochemical interphases in batteries, e.g., Li-dendrite
formation [6], and electrocatalytic systems such as the platinum-water interface [7]. We also
discuss the development of methods for uncertainty quantification training and evaluating neural
network ensemble models [8] and AI-based optimal experimental design [9] using models trained
on multi-sourced and multi-fidelity data from multiscale computer simulations operando
characterization, high-throughput synthesis, and laboratory testing. Finally, we will give our
perspectives on a path towards better and smarter batteries by combining AI with multisensory
and self-healing approaches [10].
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At Institut des Matériaux Poreux de Paris, we devote a particular effort to develop new
functional highly stable MOFs based on high valence transition metal cations (Al, Fe, Ti,
Zr).This requires a careful control of their crystallisation conditions to avoid the formation of
amorphous phases and/or to overcome the limitations of serendipity driven phase discovery.
This led so far to series of new Ti- or Zr-MOFs with different dimensionalities and properties.[15] To propose better (sustainable) materials for the energy transition, developing new
heterogeneous catalysts is becoming increasingly important. MOFs can be part of the solution
ifcombined with ultra-small metal nanoparticles (USMNPs), to take benefit from the properties
of the host MOF (sorption selectivity, acid or redox sites) and guest USMNPs (catalysis), due
to synergy effects leading to new desired properties hardly accessible within the parent
material.[6] Different strategies can be employed to prepare such composites, either postsynthetically or through direct synthesis of the MOF in the presence of the USMNPs. To avoid
any degradation or lack of spatial control of the USMNPs particles, it is however required to
develop gentle ambient temperature conditions routes regardless of the targeted applications.
In complement to a few examples of MOFs-USMNPs obtained through post-synthesis
deposition of inorganic nanoparticles co-catalysts,[3, 4] we will show our new scalable green
methods to prepare benchmark Zr-MOFs at room temperature[7, 8] and how this could be
successfully employed for the incorporation of ultra-small Au or Cu nanoparticles into ZrMOFs.[9-10] Finally,the catalytic properties (H2 production, CO2 reduction) will be shown to
highlight the benefits of these new MOFs - USMNPs composites.
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Metal halide perovskites (MHPs) have demonstrated huge potential to build a rich library of
materials for a new disruptive optoelectronic technology. The main strength comes from the
possibility of easily tune the semiconductor bandgap in order to integrate it in devices with different
functionalities – in principle. In reality, this cannot be achieved yet. In fact, while defect tolerance
is claimed for MHPs with a bandgap of about 1.6 eV, the model system object of intense
investigations, MHPs with lower and higher bandgaps are far from this claim. They show various
forms of instabilities which are mainly driven by a strong defect activity.
Here I will discuss our studies on the nature of defects and their photo-chemistry as a function of
the semiconductor bandgap and chemical composition in order to identify their role in defining
the semiconductor electronic properties and stability.
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The abstract of the communication should consist on one page DIN A4 written in arial type
(10 points). Language of the conference is english. The abstract will be elaborated in Microsoft
WORD (Windows) format. The text should be justified 3 cm (left), 3 cm (right), 2.5 cm (above),
2.5 cm (below) following the present template.
To understand how Interfacial reactions in batteries is of highest key importance for improving
safety, understand aging phenomena, and increase battery lifetime and put forward as one key
research area in the European roadmaps on batteries (www.battery2030.eu). Operando and in
situ studies of battery interfaces is a methodology area in rapid development. Several good
examples of how operando photoelectron spectroscopy (PES) techniques have been successful
for studying solid state batteries and metal air. Liquid-solid interfaces are, however much more
difficult to monitor at high vacuum as is typical for the characterization of battery interfaces in an
XPS spectrometer.
This presentation is devoted to the description of the development of a methodology suitable for
conducting operando ambient pressure photoelectron spectroscopy (APPES) measurements on
lithium-ion battery systems. The results show that the current models are not enough to interpret
operando ambient pressure solid/liquid interface PES data. For this reason, a model has been
developed for the specific case of lithium-ion battery interfaces (that also could work for sodiumion batteries.
In general, the results from the operando studies show that the kinetic energy shifts of the liquid
electrolyte measured by APPES can be correlated to the electrochemical reactions occurring at
the interface. If no charge transfer occurs, the kinetic energy shift is proportional to the applied
voltage. During charge transfer the behavior is more complex, and the kinetic energy shifts are
related to the change in chemical potential of the working electrode.
In short: it is seen that the kinetic energy shifts of different phases in a LIB are dependent on the
electrochemical reactions occurring at the interface. In particular, two “extreme” cases can be
highlighted; the shift in kinetic energy of the electrolyte APPES peaks is ~1 eV/V when no faradaic
reactions occur, and ~0 eV/V during a first order phase transition. In both these cases the
chemical potential of the working electrode is constant. In the case of a changing chemical
potential, e.g., in the case of a single phase lithiation reaction, the behavior is more complex.
This methodology is still very novel, and there is much more to learn – both regarding the
technique and the kinetics of the charge transfer reactions and this presentation aims to highlight
the status and future possibilities.
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Solar energy conversion into fuels such as hydrogen through photoelectrochemical (PEC)
cells is an attractive way to solve the problems present in the actual energetic system. (1) Despite the
any advances that have been in this line, is still necessary to develop new materials and cell
configurations to take this technology to a higher scientific level. The application of organic polymers
for is a hot topic that continues to grow due to the promising optoelectronic properties of this class of
semiconductors. Conjugated polymers exhibit advanced properties because of it particular conjugation
that confers it a huge conductivity through the whole structure. (2) In particular, Conjugate Porous
Polymers (CPP) offers a higher photostability and robustness that is fundamental for long term
application, but their synthesis often leads to a large-particle powder, unsuitable for preparing thin
films, key to preparing high-quality photoelectrodes.(3) In this work, we present an innovative mini
emulsion synthesis of a CPP, Nano IEP-1 (Imdea Energy Polymer-1) that leads to a 500 nm particles,
adequate for thin film preparation. The electronic structure and was determined by a combination XPS,
electrochemistry and UV-VIS spectroscopy. The photoelectrochemical response of Nano IEP-1
reveals a p type semiconductor with photocurrents at different applied potentials that suggest its
potentiality for solar energy conversion. In this way, a tandem PEC cell was assembled to enhance its
properties and achieve higher photocurrents. Two hybrid photoelectrodes were assembles by the
heterojunction of Nano-IEP-1 and inorganic nanocrystals (TiO2 and CuI). The energy diagram
calculated before shows an ideal position of the energy bands in order to use the synthesized polymer
both as photocathode and as an electron injector to TiO2 in photocatalytic reactions (to former the
photoanode) and CuI will works as hole collector in the photocathode. The formed hybrid
photoelectrodes have been characterized by X-ray diffraction, SEM, EDX and AFM. A series of
photoelectrochemical measurements have been performed in a three electrode cell configuration,
using the hybrid materials as working electrodes. The photoelectrodes presents improved
photovoltages and photocurrents on the hybrids electrodes compared with TiO2 and the CPP alone,
suggesting and adequate light absorption and charge transfer between them.
Besides,
Electrochemical Impedance Spectroscopy (EIS) was performed to confirm the improved charge
transfer observed when illuminating the hybrid photoelectrodes. We build them a tandem PEC cell in
a monolithic configuration and perform a series of photoelectrochemical measures in two electrode
configuration, achieving a photovoltage of 0.9 V and photocurrents of around 0.5 mA/cm2 in a twoelectrode configuration. Finally, the cell was biased at 0.6 V and hydrogen evolution was observed and
quantified by gas chromatography achieving 581 µmol of H2 in a one-hour reaction.
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Interest in methane dry reforming is growing because it provides an efficient route for
activation of CO2 to produce syngas (CO+H2), which can be further transformed into fuels and
chemicals. In the last years, chemical looping approaches based on cyclic operation are gaining
relevance as an alternative to the conventional catalytic process because, among other
advantages, these processes are less prone to deactivation by coke deposition, and they are apt
to be coupled with concentrating solar facilities for fuels production.[1] With this background, in the
present work we investigate the high temperature (850 ºC) isothermal reactivity of equimolar
mixture of CO2 and CH4 over two types of materials based on La1-xSrxFeO3 (LSF) perovskites:
LSF supported on yttria-stabilized zirconia (YSZ) to enhance thermal stability the composite, and
Ni modified perovskites to exploit the catalytic activity of this metal. Previous studies revealed that
La0,9Sr0,1FeO3 perovskite showed the best performance for dry reforming of CH4 under chemical
looping conditions of all the family. Activity results obtained here reveals that although the
performance of LSF/YSZ materials per cycle is lower than that of unmodified LSF, when weighted
by the content of perovskite H2 and CO generation in the CH4 stage, as well as CO production
during CO2 feed exceed those obtained with the pure perovskite. This seems to be related to the
enhancement in the LSF/YSZ composite of both methane cracking and reverse Boudouard
reactions.[2] In the case of Ni/LSF materials the productivity of syngas for the all the metal loadings
evaluated is notably higher that for the perovskite supported on YSZ, and the best results are
achieved for the sample containing 0.8 wt.% Ni. After the first cycle, whose performance is slightly
higher, the production of CO and H2 remains basically constant in the successive cycles for all
Ni-containing samples, confirming the stability of those systems. On the other hand, the H2/CO
ratio varies over time in each cycle, being approximately 2 during the first 10-12 minutes and
increasing to 7 by the end of the stage. This behavior is attributed to the progressive increase of
the contribution of methane decomposition reaction, which appears to be favored once the oxygen
carrier reaches its highest degree of reduction. Likewise, in the oxidation stage the presence of
Ni also increases the production of CO due to the promotion of two parallel reaction routes, the
reoxidation of perovskite with oxygen from the dissociation of CO2, together with the Boudouard
reaction of this gas with the carbon deposited in the previous stage. Interestingly, this last process
avoids the gradual deactivation of the solid. Furthermore, characterization of the samples after
reaction indicates that, despite some minor La2O3 segregation for the case of LSF/YSZ sample,
in general the solid maintains structure of the perovskite and the initial phase distribution.
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Plasmonic photocatalysis has become a convenient strategy for solar fuel production in
which all-metal architectures drive chemical transformation under a wide spectral range of
incoming light.[1] Recent progress evidence that plasmonic nanomaterials bring opportunities in
the development of the so-called plasmonic photosynthesis.[2]
The progress in plasmonic photocatalysis, however, requires not only an assortment of
nanoparticles with well-controlled morphology but also universal surface chemistry that enables
electron transfer and makes the systems compatible for chemical transformation under flow
conditions.
Here we show that the combination of gold nanoparticles with water-soluble conjugated
polymers promotes the formation of metal-organic heterojunction, making the physical properties
of the hybrid system different from that of their constituting building blocks. The use the polymercoated gold nanoparticles in the photocatalytic regeneration of cofactor molecules (Figure 1a)
indicates that the conjugated polymers are an exciting tool in tailoring catalytic interface.
Also, by exploiting hierarchical self-assembly we incorporated the hybrid nanocrystals in
flow photoreactors to propose a bioinspired cyclic variant of plasmonic catalysis (diurnal cycle),[3]
in which regenerated highly energetic cofactor molecules under light conditions serve as a
reductor in the nucleation and growth of a new set of nanoparticles in dark (Figure 1b).

Figure 1: a) Metal-polymer heterojunction based on plasmonic core and water-soluble conjugated
polymers allows for efficient regeneration of cofactor molecules without the need of using surface
co-catalysts. b) Adaptation of plasmonic catalysis in the flow conditions allows for the use of
reduced cofactor in the synthesis of new nanoparticles.
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Organic photovoltaics (OPV) are close to reaching a landmark 20% device efficiency.[1]
One of the proposed reasons that OPVs have yet to attain this milestone is their propensity toward
triplet formation.
In this talk,[2] the small molecule donor, DRCN5T, is studied using a variety of spectroscopy
techniques, and blended with both fullerene and non-fullerene acceptors. Specifically, picosecond
and microsecond transient absorption and Raman spectroscopies are focused on. Despite
DRCN5T's ability to achieve OPV efficiencies of over 10%,[3] it generates an unusually high
population of triplets. These triplets are primarily formed in amorphous regions via back
recombination from a charge transfer state. As such, triplets have a dual role in DRCN5T device
efficiency suppression: they both hinder free charge carrier formation and annihilate those free
charges that do form.
Using microsecond transient absorption spectroscopy under oxygen conditions, this tripletcharge annihilation (TCA) is directly observed as a general phenomenon in a variety of DRCN5T:
fullerene and non-fullerene blends. Since TCA is usually inferred rather than directly observed, it
is demonstrated that this technique is a reliable method to establish the presence of TCA.

Figure 1. Summary of the processes occurring in DRCN5T blend systems under inert
atmosphere (blue arrows) and under oxygen (red arrows and red cross). Purple arrows
illustrate the processes that take place both under oxygen and inert atmospheres.
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Inside photovoltaic energy there is an interesting option to silicon panels: DSSC’s (Dye
Sentitized Solar cells) are flexible, processable and lightweight cells. They are composed by a
photoanode consisting of a cristalline semiconductor with adsorbed organic dye, a redox mediator
and a counter electrode. Organic sensitizers are usually based on a D-π-A structure.
A novel σ-linkage has been used to prepare dianchored dyes for DSSC’s. We have
prepared two sensitizers based on the 3-methyl-1,1-cyclohexane1. These dyes are
difunctionalized systems that contain an aniline group as a donor (D), a thiophene or bithiophene
as a π-conjugated spacer (π) and cyanoacetic acid as both acceptor and anchoring group (A).
The effect of both σ-linkage and π-spacer has been studied by UV-Vis absorption and Differential
Pulse Voltammetry, and the relevant increase of the molar extinction coefficient of these
dianchored dyes has been also investigated by DFT theoretical calculations.
The bithiophene dyes results in both broader and higher absorption as well as a better
efficiency to transfer charge from D to A respecting thiophene dyes. The photovoltaic properties
of the sensitizers have been studied and the novel difunctionalized derivatives designed present
a relevant increase of the photocurrent density which results in better performance with respect
to the single dyes. The dianchored derivative based on bithiophene has given rise to an efficiency
value of 7.8 % and is stable up to 1000 h after device assembly.
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Measurements of the solar energy reaching the Earth crust indicates that less than 1 o/ooo of the
total 125 000 TW of solar energy would be enough to cover all the demand required by 2050
estimated around 15 TW. In photocatalysis, the energy of a photon is converted by a photocatalyst
into chemical energy and it could be used to directly produce fuels and chemicals from abundant
feedstocks like H2O and N2 [1]. These high-energy products that can be obtained by sunlight
photocatalysis are generally termed as solar fuels.
Titanates belong to the family of titanium oxides family, behaving as a semiconductor with the
photoactivity centered within the UV light region. Moreover, compare to normal P25 TiO2
nanoparticles, low dimensional materials such as nanometric tubes (1D) have more active surface
exposed to environment molecules making this material more active in terms of catalysis.
However, the presence of deprotonated oxygens on the surface produces negatives charges that
are compensated with the presence of sodium cations that could be substituted with other cations
as happens in ionic membranes. This fact makes easy to
(a)
load titanates with other semiconductors or positively
charged dyes that could enhance photocatalytic activity.
Additionally, titanates are able to promote water splitting
without sacrificial agent compared with TiO2. All these facts
make titanates feasible as photocatalyst for solar fuels
production [2].
In this work, we have followed three classical strategies to
enhance photocatalytic production of solar fuels, applying
(c)
(b)
the resultant materials in overall water splitting and
Sabatier’s reaction. To improve water splitting reaction we
followed two strategies, firstly, we introduced Tris(2,2′bipyridine)ruthenium(II) dye through ionic absorption, to
enhance titanate nanotubes light absorption into the visible
Figure 1. a) TEM images of Tiregion and secondly, also though ionic absorption we added
NTs with low and high
other semiconductors (as Fe, Co, Ni and Ru) to initial titanate
magnification.
b)
UV-Vis
nanotubes, that are able either to enhance light absorption
spectrum of (1) Ti-NTs and (2)
and act as co-catalyst in the oxygen evolution reaction
Ti-NTs(Ru(bpy)3). c) TEM
(OER) to overcome to the bottle neck reaction in the overall
Cross-section image of Ti-NTs
water splitting. Additionally, we studied Sabatier’s reaction
photo-thermal mechanism applying titanates nanotubes
loaded with ruthenium nanoparticles [3]. In this case, we found that titanates are not active in this
reaction by itself, however, the presence of ruthenium nanoparticles trigger the reaction, acting
as co-catalyst in this reaction. And the presence of titanates act as booster of the photocatalytic
part of the reaction mechanism, making ruthenium nanoparticle active even at room temperature
when light is exciting the titanates nanotubes.
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Despite fossil fuels have brought forth the dawn of civilization as we know it, they have
also left an enduring effect on the Earth’s climate. When burned, these carbon-based energy
sources release CO2 to the atmosphere, leading to catastrophic consequences for our planet,
including the rising in global temperatures, melting of glaciers, and more extreme weather events.
To address this, it is imperative that we develop energy storage and conversion technologies
using renewable sources to establish a carbon-neutral cycle. To this end, colloidal chalcogenide
quantum dots (QDs) in combination with immobilized transition metal complexes have been
reported for the photocatalytic reduction of CO2 to CO (CO2RR), which can then be stored and
used as a fuel when renewable sources are not available. A few examples of photocatalytic
systems which operate in the absence of cocatalyst and exhibit good activities are also known.[1,2]
However, the implementation of these photocathodes is hampered by either their high cost and
toxicity, or their poor selectivity due to the competing hydrogen evolution reaction (HER).[3]
In this talk, I will present our research efforts towards the rational design of low-cost ZnSe
QDs functionalized with capping ligands in the presence and absence of a Ni-based cocatalyst to
enhance CO2RR activity and selectivity (see Figure). In particular, we have recently shown that
imidazolium ligands increase CO2RR conversion while suppressing HER on the surface of ZnSeQDs.[4] Furthermore, we have found that CO selectivity can be modulated with the imidazolium
loading, yielding up to a 13-fold increase compared to the pristine ZnSe-QD. Computational
studies revealed that the improved
performance of this photocatalytic
system stems from the coverage of
the HER active sites with
imidazolium ligands, which in turn
facilitate CO2 activation via noncovalent
interactions
(NCIs).
Building upon this knowledge, very
recently we have developed a new
class of functionalized ZnSe-QDs
using dithiol ligands.[5] Simulations
and NCI analysis indicate that the
Figure: CO RR on ZnSe QDs with dithiol and imidazole capping ligands in the
CO2RR activity and selectivity in presence (A)2 and absence (B) of a Ni(cyclam)-based cocatalyst.
the presence and absence of a Ni
cocatalyst depends greatly on the flexibility and length of the dithiols, in agreement with
experimental results. Ligand effects and future strategies to further boost the performance of
ZnSe-QDs towards CO2RR will be discussed.
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There is a growing interest in H2O decomposition into H2 and O2 assisted by solar light.
Heterogeneous photocatalysis is one of the promising technologies to achieve this goal.[1] In the
last years metal-organic frameworks (MOFs) have emerged as promising crystalline and porous
materials for this purpose.[2] Among them, MIL-125(Ti)-NH2 with ideal formula Ti8O8(OH)4(O2CC6H5-CO2-NH2)6 is one of the most efficient and stable photocatalyst for H2 generation from
H2O. Regardless the important achievements made in this field, the use of sacrificial agents such
as triethanolamine or methanol for H2 generation hampers the real application of these systems.
Since 2017 our group and others have continuously reported the possibility of using MOFs has
heterogeneous photocatalysts to promote H2O decomposition into H2 and O2 in the absence of
sacrificial agents.[3,4]
In this communication we report the influence of the presence of metal nanoparticles (NPs)
based on Pt, RuOx and/or CoOx as co-catalysts within the structure of MIL-125(Ti)-NH2 for the
photocatalytic overall water splitting.[5] The most active photocatalyst prepared in this study
contained simultaneously Pt and RuOx NPs supported in MIL-125(Ti)-NH2 and was able to split
H2O into H2 and O2 with a production of 218 and 85 mol/g of photocatalyst at 24 h, respectively,
under UV-Vis light irradiation. The estimated apparent quantum yield of this photocatalyst at 400
nm was 0.32 %. The Pt/RuOx@MIL125(Ti)-NH2 photocatalyst was found
to be active under under natural
sunlight irradiation achieving H2 and O2
productions of about 28 and 14 mol g1
in 10 h, respectively.
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The rise in global energy demand has emphasized the need to focus on renewable energy
resources. When it comes to meeting our energy requirements, solar energy is regarded as a
promising alternative to fossil fuels. In particular, perovskite solar cells (PSCs) are the most
emerging area of research among new generation photovoltaic technologies, owning to their high
power conversion efficiency (PCE) and low processing cost. Since the inception of PSCs,
important enhancements have been done in the deposition methods, control of the interface,
chemical composition, and synthesis technique, among others. However, the stability of PSCs
has been a long-standing question.[1]
Engineering two-/three-dimensional (2D/3D) PSCs is nowadays a popular strategy for
efficient and stable devices. Nevertheless, the precise function of the 2D/3D interface in
controlling the durability of the solar device is still vague. Interestingly, we revealed a dynamical
structural mutation of the 2D/3D interface in particular using a series of bulky thiopheneterminated cations (2-TMAI, 3-TMAI, and 2-TEAI) as building blocks for layered 2D perovskite
structures. As a result, it was demonstrated that the judicious choice of the organic barriers can
lead to structurally stable and robust 2D overlayers with a decisive role in improving device
stability under illumination.[2]
As a second approach to enhance the lifetime of PSCs, we specifically designed and
synthesized two novel organic molecules based on electron-rich spiranic cores (spiro-POZ and
spiro-PTZ) to be implemented as hole-transporting materials (HTMs) in PSCs. Notably, the
doped-HTMs exhibited excellent long-term stability in planar devices, retaining over 84% of PCE
after more than 300 days in ambient conditions. Moreover, the PCE decreases by only 6% after
1200 h, under continuous 1 sun illumination.[3]
These impressive results confirm that long-term stability in PCEs can be nicely achieved
controlling the interface at the perovskite layer and using doped HTMs by design.

Figure 1. Scheme of PSCs architecture: Innovations at the interface and hole-transporting layer.
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Hybrid lead halide based perovskites have emerged as promising active materials for
photovoltaic cells. Over the past decade, enormous efforts have been devoted to device
fabrication and optimization leading to power conversion efficiencies exceeding 25%, which gives
perovskite solar cells the competitive advantage over many other well-known solar photovoltaic
technologies. Despite superb efficiencies achieved in laboratory-scale devices, it was soon
recognized that long-term stability of this material was rapidly compromised under ambient
conditions and such instability could jeopardize the commercial prospects of perovskite solar cells
[1].
In this communication, current strategies to overcome the long-term instability problem
are outlined including discussion between the thin line separating 1) photo- and thermal
degradation processes [2-5], 2) true chemical decomposition reactions versus evaporation-like
processes [6], 3) the halide effect on stability in terms of energy barriers during degradation
reactions [7] and 4) clear distinction between intrinsic stability of the active material and the
expected operational stability of the device. In summary, a balanced assessment of this
multifaceted problem to give us a positive perspective for the commercial future of this technology.
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The appealing optical, semiconducting and electronic properties of the organic-inorganic
hybrid perovskite materials have awoken an enormous interest among the scientific community
investigating in the area of photovoltaics.[1] Since the first report incorporating a perovskite
material as photoactive layer in a solar cell, the device efficiency has experienced an incredible
evolution reaching, up to now, a certified value of 25.7%.[2] The development of novel interfacial
materials has significantly contributed to this progress. Amongst other relevant functions, these
materials assist the transport and extraction of the photogenerated charges to the appropriate
electrode upon light absorption. In the particular case of the small molecular hole transporting
materials (HTMs) an assorted variety of interesting structures has been reported.[3]
Herein, we present a comparative study between two novel molecular organic
semiconductors working as interfacial hole transporting and electron blocking layers in planar
perovskite-based solar cells with inverted architecture. In this regard, tripodal conjugated systems
with the ability of self-assembling have been synthesized with the intention of improving their
molecular organization in the solid state through intermolecular hydrogen bonding.[4], [5] These
unprecedented self-assembled HTMs mainly differ in the rigidity of the polyheteroaromatic
tripodal system. Thus, their locked vs. unlocked π-conjugated structures have been investigated
to rationalize their effect on the performance of interfacial layers integrated in photovoltaic
devices.
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Solid polymer electrolytes (SPEs) are extensively studied towards the development of solid Limetal batteries due to their unique properties. Chemical modification generally includes tuning
the polymer or Li-salt properties in order to enhance performance, however, studies based on the
elucidation of effects by modifying both components, is lacking.
Based on lithium bis(trifluoromethanesulfonyl)imide (LiTFSI), one or both -CF3 groups are
replaced with -CF2H, obtaining lithium(difluoromethanesulfonyl) (trifluoromethanesulfonyl)imide
(LiDFTFSI) and lithium bis(difluoromethanesulfonyl)imide (LiDFSI). Negative charge
delocalization is enhanced, favouring ionic dissociation, which leads to improved properties.
Moreover, these Li salts have also been shown to enable anionic mobility restriction, decreasing
cell polarization, resulting in improved cycling.[1] Archetypal poly (ethylene oxide) (PEO) is
exchanged with poly(ε-caprolactone) (PCL), as the introduction of polar groups meliorate
electrochemical properties. [2, 3]
The properties of polymer/Li-salt combinations; PEO and PCL with LiTFSI, LiDFTFSI and
LiDFSI; are elucidated by studying ionic structures via radial distribution functions, coordination
number analysis and experimental measurements. An in-depth atomistic insight is still needed to
fully understand the solvation structure and synergistic effects that impacts macroscopically
observed properties due to chemical modification.

Figure 1. Illustration of preferential lithium coordination within polymer/Li salt systems; PEO or
PCL, and LiTFSI, LiDFTFSI or LiDFSI.
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Chloroaluminate electrolytes from room temperature ionic liquids (RTILs or ILs) are promising
electrolytes for non-aqueous aluminium (Al) battery applications. ILs are tuneable electrolytes
with good thermal stability, high ionic conductivity and a wide polarisable potential window.
However, ILs are often very costly, challenging to synthesize and can be toxic. Recently, ionic
liquid analogues (ILAs) or deep eutectic solvents (DES) have begun to be explored as they are
inexpensive, very easy to synthesize and can be made from abundant often un-toxic materials.
The rheology of these electrolytes can be tuned by incorporating a polymeric component where
the formation of gelled electrolytes have been shown improve the electrochemical potential
window, suppress parasitic dendrite growth that short-circuits the battery cell, minimise leakage,
generate tough/stretchable polymer gel-based electrolytes, and adjust the transport properties.[1]
Our latest research into amidine-based chloroaluminate electrolytes has shown that the chemical
functionality of the Lewis base can have a profound impact on not only the electrochemical
performance but also its chemical and rheological properties.[2] These liquids are able to
accommodate significantly higher Al concentrations, which provide increased conductivity while
not impacting deleteriously on the viscosity. We have identified optimal stoichiometric
compositions for these electrolytes, which yield the best electrochemical and rheological metrics.
Therefore, the main focus of this contribution will be to examine the effects of incorporating a high
molecular weight polymer additive to gel the electrolyte. We will systematically vary the polymer
concentrations to find the best balance between viscosity/conductivity and electrochemical
performance. Figure 1 demonstrates minimal differences in voltammetric performance between
a non-gelled electrolyte (σ = 10.2 mS/cm and η = 46 cP) and a gelled electrolyte (σ = 8.3 mS/cm
and η = 53 cP), while also not impacting significantly on the electrolyte conductivity and viscosity.

Figure 1. Exemplar cyclic voltammograms showing a neat, non-gelled electrolyte (solid black
trace) and a polymer gelled electrolyte (dashed red trace).
Lastly, it is critical for industrial applications to ascertain how the electrolytes perform as a function
of time and temperature. The evolution of the electrolyte will be studied over several weeks to
examine long-term performance. Cyclic voltammetry, quartz crystal microbalance, and
charge/discharge coin cell testing data will be presented. Spectroscopic investigations (i.e. FT-IR
and Raman) will also be undertaken to identify the active species in these liquids.
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Identification of new redox compounds is essential for the design of new improved redoxflow batteries (RFBs). During the last few years there has been an increased interest in the field
of organic-based redox flow batteries (ORFBs), because of their structural diversity, abundancy,
environmental friendliness and price compared to the vanadium compounds. High-throughput
computational screening offers the possibility of exploring thousands of molecules for desirable
properties without the need for experimental trial and error.[1] Phenazines are an emerging family
of organic compounds in electrochemical energy storage applications. They are a promising
candidate for high-density energy applications, because of their multi-redox activity, their lowtoxicity and their structural diversity.[2]
Here, we report on the modelling activities carried out in our group towards the
accelerated discovery of Phenazine-based electrolytes for ORFBs. By applying high-throughput
density functional theory calculations, we investigate the redox-potentials of ~200 phenazine
derivatives containing various electron-donating (EDG) or -withdrawing (EWG) functional groups
(FGs) at different positions. We explore the redox behavior of phenazine-derivatives in both nonaqueous[3] and aqueous media [4], where two redox pathways exist: i) the coupled 2-electron and
2-proton reduction in aqueous media, and ii) the 2-electron reduction in two steps in aprotic media.
By using EDGs/EWGs, we are able to shift the potential towards more negative/positive values
compared to the parent phenazine, and identify promising candidates for both the negative and
positive sides of the RFBs. The DFT results provide key insights into their structure–activity
properties that may be used in the design and tuning of new molecules for electrochemical energy
storage in aqueous or non-aqueous media. Moreover, the DFT calculations reveal how the
number and the position of the FGs can modify the redox potential, and how the FGs can also be
related with side reactions or stability.
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REACTION MECHANISM AND OPTIMIZATION OF THE PROCESS
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United Regenerative Fuel Cells (URFC) are presented as a solution to the demand for
energy produced by renewable sources. In this device, 4 main reactions take place: oxygen and
hydrogen evolution reactions (OER and HER) and oxygen reduction and oxidation of hydrogen
reactions (ORR and HOR) when it works in electrolyser mode (EL) and fuel cell mode (FC),
respectively. These reactions must be electrocatalyzed, but the most common materials used up
today are highly costly and scarce. Therefore, it is essential to develop new materials with lower
cost, higher availability and high electroactivity. In this study, transition metal aerogels (TMA) are
presented as possible alternative electrocatalysts. The most common process used to synthesize
TMA is based on the sol-gel method using highly toxic products such as epoxies, followed by
supercritical drying processes[1-2]. Herein, a novel, clean and fast methodology based on
microwave heating for the synthesis of TMA is presented. An optimisation of the synthesis
conditions has been carried out to obtain highly porous 3D structures.
The synthesis was performed by mixing a solution of glyoxalic acid and sodium carbonate
with iron chloride, which act as reducing solution and metal precursor, respectively. The mixture
was then heated in a microwave oven. The temperature, the reaction time, and the ratio between
the reducing solution and the metal precursor were modified to study their effect on the final
structure. The wet materials were then freeze-drying, and the dried structures were characterized
by SEM and XRD.
Increasing the metal precursor concentration promoted the formation of the TMA clusters.
Each metal ion act as a nucleation center, so increasing the concentration of the metal resulted
in structures with a larger number of clusters of smaller size. Time and temperature also had a
significant impact on the final morphology, as the size of the clusters increased with time and
temperature. However, very low values of time and temperature resulted in the formation of flakes
instead of clusters. The results of the EDX coupled to SEM indicated that these flakes showed a
lower amount of the transition metal and higher amount of carbon, indicating the formation of
carbonates in the early stages of the synthesis. Therefore, this study demonstrated that the
morphology of the TMAs can be successfully controlled by modifying the synthesis conditions,
with the aim of providing self-supported aerogels with high porosity and a large surface area,
which may contribute to improving their electrocatalytic activity.
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One of the major limitations of renewables is the intermittent character which is dependent of
climate conditions. The problem is a complete disconnection between energy production and
demand. Consequently, the storage of energy surpluses from renewables becomes a necessity.
To tackle this problem, in this work we propose an efficient way of energy storage based on using
green hydrogen as an energy vector. The aim is to develop efficient systems for hydrogen storage
in the form of chemical bonds based on Liquid Organic Hydrogen Carriers (LOHCs) [1].
From a chemical view, the key point of efficient LOHCs lies in the design of suitable
catalysts and processes for the conversion and reconversion of hydrogen into chemical bonds.
We propose nanostructured catalysts based on 2D materials functionalized with metal species
[2]. Well-defined metal complexes can control the chemical properties for catalytic
(de)hydrogenation. The use of solids permits catalyst separation and increasing stability by the
effect of the support on the catalytic active species [3].

Scheme 1: Hydrogen storage in LOHCs
The authors thank the financial support from MICIU/AEI/FEDER/FSE (RTI2018-098237-B-C22),
Generalitat Valenciana (PROMETEU/2020/028) and Universitat Jaume I (P1.1B2015-09).
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NANOPARTICULATED BI, SN AND SB ELECTRODES: FROM
FUNDAMENTAL STUDIES TO PRACTICAL ELECTROCHEMICAL DEVICES
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The development of new electrocatalysts with improved properties for the electrochemical
reduction of CO2 is being the objective of innumerable contributions [1]. Among other possible
chemicals, the electrocatalytic conversion of CO2 into formic acid (HCOOH) or formate (HCOO−)
(depending on pH value) represents one of the most attractive options [2]. In this contribution, we
will summarize some of our most recent and relevant results on the use of bismuth (Bi), tin (Sn)
and antimony (Sb) nanostructured based electrocatalysts for the selective conversion of CO2 into
formic acid/ formate [3-7]. This presentation will cover from fundamental studies, including the
synthesis, characterization and electrochemical behaviour of these nanostructured materials in
conventional H-type electrochemical cells, to practical applications, including the development
and testing of a process for the electrocatalytic reduction of CO2 to formate (HCOO−) operating
in a continuous way and using different electrode configurations, such as Gas Diffusion
Electrodes (GDE), or Catalyst Coated Membrane Electrodes (CCME). The results obtained will
prove the potential of this electrochemical technology for the valorisation of CO2 into formic acid/
formate.
Acknowledgements. This work was supported by the MICINN through projects PID2019108136RB-C31 and PID2019-108136RB-C32.
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To date 80% of worldwide energy is derived from fossil fuels, which is unsustainable in
the mid-long term. Solar fuels are promising candidates for replacing fossil fuels as energy
sources.[1] However, its renewable and clean generation is still a great challenge. A particularly
attractive solution is artificial photosynthesis, which follows the blueprint of the photosynthetic
processes found in plants or phototrophic microorganisms in which carbohydrates are made from
H2O and CO2 using solar energy. Various reactions are under study, including water splitting,
where water is converted into hydrogen fuel and oxygen, and CO2 reduction, where CO2 and
electrons are converted into carbon-based fuels (e.g. CH4, CH3OH, etc.) and/or useful chemical
feedstocks (e.g. CO, ethylene, etc.). However, the practical development of these technologies is
still hampered by the lack of selective, cost-efficient catalysts able to speed up the redox halfreactions involved, namely oxygen evolution, CO2 reduction and hydrogen evolution reactions
(OER, CO2RR and HER, respectively).
Both molecular and metal/metal-oxide species are plausible candidates for efficiently
catalyze these processes. If durability and the attainment of high current densities are the main
challenge for molecular HER/OER/CO2RR catalysts, slow reaction rates are common when their
counterparts at the nanoscale are employed. Furthermore, the reduced mechanistic knowledge
and lack of well-controlled synthetic strategies to fine-tune these species prevents the rational
development of more selective nanocatalysts for these transformations.[2]
This contribution deals with the work carried out in our laboratories to unravel the key
factors able to change these last general trends by means of tunable surface-functionalized
nanocatalysts. This strategy allowed obtaining stable and efficient OER (photo)catalysts based
on 1st-row transition metal oxide species,[3],[4] fast and rugged Ru-based
(photo)cathodes[5],[6],[7],[8],[9] superior to state-of-the-art Pt/C for HER, and selective photocatalyst
for the CO2RR.[8]
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CATALYST FOR THE LIGHT-DRIVEN METHANATION OF CO2
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The possibility to produce solar fuels or chemicals from carbon dioxide (CO2) represents a
promising approach not only to alleviate CO2 emissions but also to store renewable energy in the
form of chemical bonds. In order to overcome the inherent limitations of traditional photochemical
processes (i.e. low efficiency and poor utilization of solar radiation), photo-thermal catalysis offers
the advantage of exploiting both the thermal and non-thermal contributions of sunlight.[1] Given
the well-known photo-thermal properties of metallic nanoparticles (NPs) and carbon-based
materials, in this work we envisaged the synthesis of Ni NPs dispersed on carbon via the
controlled pyrolysis of a metal-organic framework (MOF) precursor.[2]
Ni-MOF-74 was synthesized according to the reported method.[3] Once synthesized, NiMOF-74 was pyrolyzed in a tubular oven under a continuous flow of N2 for 6 hours at temperatures
of 500, 600 and 700 ºC. The photo-thermal catalytic activity of Ni@C-X materials (where X stands
for the pyrolysis temperature) was tested using a quartz photoreactor and a 300 W Xe lamp as
UV-visible-IR light source.
Among all samples, Ni@C-600 displayed the highest temperature and the most significant
pressure decrease after 10 min of reaction, thus leading to very high CO2 conversions together
with CH4 production rates of 488 mmol g-1 h-1 (Figure 1). Once the pyrolysis temperature was
optimized, we studied the relationship between reaction rate and light intensity and a distinct
exponential correlation between both was observed, therefore suggesting that this system is
mainly operated by an effective light-to-heat conversion.
We also performed an additional catalytic test using a flow-type reactor and under these
conditions the catalytic activity for Ni@C-600 exhibited a notable CO2 conversion ranging from
42 to 57 % after more than 12 consecutive
hours of reaction without evident deactivation.
In conclusion, we have demonstrated the
effectiveness of MOF-mediated approach for
the synthesis of metal nanoparticles embedded
on carbon matrix as photo-thermal catalysts.
Our catalyst shows high performance for the
photo-thermal CO2 methanation reaction under
UV-visible-IR irradiation owing to its ability to
convert light into heat. Mechanistic studies
suggest a reaction pathway dominated by
Figure 1. CO2 conversion (turquoise bars) and
thermal effects.
CH4 production (orange bars) of Ni@C-X
materials under light radiation.
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Development of efficient and stable electrodes for hydrogen and oxygen evolution from
water constituted of abundant elements and prepared by sustainable and scalable procedures is
of considerable importance for producing green hydrogen from renewable electricity. This work
aims at the preparation of transition metal phosphides nanoparticles supported on porous 3D
graphene. Besides electrochemical performance, one of the main novel points of the study stems
from the preparation procedure of the metal phosphides, which avoids the use or generation
during the synthesis of extremely poisonous, hazardous and explosive phosphine or
phosphorous. Besides safety, the metal phosphides-based electrocatalysts can be prepared
easily in multigram scale through the new method disclosed. The as-prepared metal phosphidegraphene materials have also demonstrated to be very active as dual HER and OER
electrocatalysts.
Specifically, a novel method for the preparation of Ni2P, Fe2P and FeP supported on porous
3D and N-doped graphene is presented. The procedure uses metal salts, phosphorous oxide and
chitosan as precursors of metal phosphide and N-doped graphene, respectively, avoiding the use
of undesirable and hazardous precursors, such as PH3 or NaH2PO2, and rendering a material
with a strong metal phosphide-graphene interaction. Moreover, electrodes containing these metal
phosphides supported on N-doped graphene have demonstrated to be more efficient than the
benchmark catalysts Pt/C and RuO2, for HER and OER, respectively, at a large current density
(300 mA/cm2). Remarkably, a two-electrode configuration device has been tested using the metal
phosphides supported on 3D N-doped graphene both in the cathode and anode for water
electrolysis, demonstrating also improved efficiency and stability than Pt/C // RuO2 at a high
current density (400 mA/cm2) for 150 h, near industrial requirements.
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ALTERNATIVE APPROACHES FOR BIODEGRADABLE POLYMERS AND
RUBBERS AS SOLID POLYMER ELECTROLYTES
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Promising technologies such as electric vehicles require the development of high-energydensity batteries. The two fundamental elements of a battery are electrodes and electrolytes. In
the latter case, they must be stable in the electrochemical window that the electrodes work. In
that sense, solid polymer electrolytes have retained great interest during the last years in terms
of safety and performance[1].
Polyethylene oxide (PEO) is one of the most used polymers used for the preparation of
solid polymer electrolytes. This polymer has demonstrated outstanding characteristics in lithiummetal solid-state batteries[2,3]. One characteristic of PEO is that its chemical structure presents
ether groups as electron donors, which complex the lithium or other cations and help to transport
them across the polymer chain[4]. However, some PEO limitations are its moderated mechanical
properties and its electrochemical stability, usually below ≈ 4 V. Current limitations have led to
the research of alternative polymers with improved mechanical and electrochemical properties[5]
and preferably with polar groups on their chemical structure, in order to complex and transport
the cations, similarly to PEO.
In this work, we present the results obtained with two proposed polymers for the selected
application. Firstly, the hydrogenated nitrile butadiene rubber (HNBR). The motivation for using
this polymer is due to the pendant polar nitrile groups on its chemical structure and the possibility
of modifying HNBR’s mechanical properties by tuning the crosslinking degree[6]. The other
polymer of current interest is polylactic acid (PLA). PLA chemical structure is favored for
electrolyte applications due to its ester groups. In addition to this, PLA biodegradability is a
remarkable characteristic, heading to technological applications under the concept of circular
economy.
Polymers
were
mixed
with
different
formulations
of
lithium
bis(trifluoromethanesulphonyl)imide (LiTFSI) and propylene carbonate. Materials were
characterized by FTIR-ATR, thermogravimetric analysis (TGA), Differential Scanning Calorimetry
(DSC), and ionic conductivity to determine the best candidates as electrolytes heading to highperformance batteries for lithium and other cations.
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The search of low cost, safe, high-energy density and environmentally benign battery systems is
crucial due to the rapid growth in world population and the huge demands of electronic devices.
Li-ion batteries have led the market for the past three decades, however they cannot supply the
high energy demand of electric vehicles or smart grids. Metal-Sulfur batteries, based on
conversion reactions, are an important alternative.[1-3] Nevertheless, sulfur has a few drawbacks
that negatively affect battery life. Instead, carbon is a promising additive to mitigate some of these
drawbacks.[4] The aim of this work is to conduct a comparative study of different methods of
preparing Carbon-Sulfur (C@S) composites to be used as cathode in Metal-Sulfur batteries.
Composites containing 70 wt.% S and 30 wt.% C have been prepared by four different sulfur
infiltration processes: (i) Melt-Diffusion, which involves the melting and diffusion of sulfur on the
carbon, (ii) Ball Milling, which involves the mixing of the components due to collisions, (iii)
Dissolution-Crystallization, which involves the dissolution of sulfur in the organic solvent CS2 and
the subsequent mixing with the carbon, and (iv) Chemical Deposition, in which the sulfur obtained
from the disproportion of sodium thiosulfate is mixed with carbon. In all four cases, an activated
carbon with high textural properties has been used (SBET= 1401 m2/g and Vpore = 0.771 cm3/g).
The prepared composites were analyzed by various characterization techniques to examine the
most relevant differences in terms of properties. Electrochemical performance of these
composites has been tested in Li-S and Na-S batteries (at room temperature). The results show
the importance in the selection of an appropriate method for the synthesis of C@S composites.

Figure. (a) Thermogravimetric analysis and (b) X-Ray Diffraction patterns of C@S composites.
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Metal-sulfur batteries are a promising contender for the next generation of batteries due to
the combination of a unique set of advantages: high gravimetric energy density, low projected
cost and absence of scarce elements such as nickel or cobalt. Indeed, lithium-sulfur batteries
have been used for niche applications and improvements in cycle life and power will significantly
widen their commercialization[1]. Aluminium-sulfur batteries are at a much earlier stage of
development, but they bring advantages in terms of the high abundance and recyclability of
aluminium metal[2]. Here, we describe the development of novel techniques suitable to identify
the fundamental causes limiting performance, and we recommend promising strategies to
achieve the required performance improvements.
Passivation has been proposed to be an important factor limiting the performance of
lithium-sulfur batteries, since the active materials of the sulfur electrodes (sulfur and the Li2S
discharge product) are insulating, and consequently, a conductive additive (usually carbon) is
required to hold the electrochemical reactions, but blockage of the carbon surface area by
deposition of sulfur or Li2S would suppress its electrochemical activity. Although these arguments
are sound in theory, in practise we have experimentally demonstrated that carbon passivation is
not an issue limiting performance, since high carbon electrochemical activity is recorded by
impedance measurements for cells with severe capacity degradation, as shown in Figure 1[3].
Therefore, performance improvements in lithium-sulfur batteries are unlikely to be achieved by
using a higher surface area carbon in the sulfur electrode formulation, whereas areas such as
electrolyte development or lithium anode protection are much more promising.

For aluminium-sulfur batteries, the slow transport of electrolyte species has been identified
as the main process limiting capacity, based on the correlation between experimental capacity,
electrode thickness and morphology[2]. Consequently, the synergetic development of less viscous
electrolytes and less tortuous electrodes with good wettability is identified as the most promising
approach to enhance capacity, whereas the use of redox mediator has been shown to be very
efficient to improve rechargeability[4].
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One of the biggest challenges facing the development and profitability of new ways to
obtain H2 by water splitting method is to find new electrodes for Hydrogen Evolution Reaction
HER (HER) electrocatalysis that are not based on Pt, with the aim to obtain cheaper and more
active electrodes [1]. The synthesis of MoS2-based materials is one of the most promising
strategies, in particular MoS2-Au hybrid systems have shown high HER activity and resistance to
deactivation [2-4].
In this work, we report the synthesis and characterization of Au@MoS2 core-shell
nanostructures. Also, we improve its catalytic activity via defects formation in the MoS2 layers by
thermal reduction in hydrogen at different temperatures [5]. HR-(S)TEM and STEM-EDS analyses
confirm the formation of core-shell nanostructures with a diameter of 9.8 ± 4.2 nm (Fig.1A). In
addition all the Au nanoparticles are coated with 1-3 layers of MoS2. Thermal reduction treatment
produces a decrease in the number of MoS2 layers in addition to the size reduction of MoS2
crystals dispersed between core-shell nanostructures. XPS analysis showed different oxidation
states of Mo, mainly Mo (IV) and Mo (VI). Raman studies showed two characteristic vibrational
modes (E12g and A1g), both peaks are upshifted by about 3 cm-1 indicating strong interaction
between the Au nanoparticles and the MoS2 layers.
The electrochemical properties of the Au@MoS2 hybrids samples were also investigated
in order to correlate the structure with the electrochemical HER behaviour under acidic conditions.
Fig.1B shows the HER measurements of the various synthesized samples in 0.5 M H2SO4.
Au@MoS2 nanostructures display better performance that MoS2 bulk samples. In addition,
thermal reduced samples enhanced the HER activity with respect to the original sample. Also,
these nanostructures show a light response becoming a promising photocatalyst for HER.

Figure 1. STEM-(EDS) analysis of
Au@MoS2 core-shell nanoparticle (A). Electrochemical polarization curves of the samples (B).
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Abstract
Glucose biofuel cells (BFCs) are devoted to harvest energy from body fluids [1]. BFCs
produce energy through the biocatalytic oxidation of glucose. This reaction is catalyzed by specific
enzymes, such as Glucose Oxidase, that is immobilized on conductive supports through different
techniques to perform the enzymatic transformation [2]. BFCs are devoted to be employed as
energy source for wearable devices mainly applied in medicine, sport and wellness [1][3].
Therefore, the development of novel materials for enzymatic electrodes with conductive,
biocompatible and flexible properties able to withstand dairy routines of the wearer is gaining
interest. Chitosan, as natural polymer, has been widely used in the development of biodevices
since it is a promising material for enzyme immobilization due to its biocompatibility, hydrophilicity,
no toxicity and film forming ability, together with stable enzyme immobilization [4].
In this work, our findings regarding the use of chitosan as immobilization matrix or selfstanding support is presented. Chitosan has been used together with conductive materials for the
development of conductive and biocompatible bioelectrodes. The membranes based on the use
of non-conductive materials (chitosan), are in a comparable range of conductivity with respect to
the state of the art. However, the main advantages that are a key improvement compared with
the state of the art are the features of biocompatibility, improved mechanical properties and
capability of stable incorporation of enzymes. It is worth to highlight that the membranes include
all these properties while prevents enzyme denaturation and keep the bioelectrocatalytic activity
thanks to chitosan presence. Moreover, the use of chitosan-based bioelectrodes provides good
power densities, ranging between 15 and 150 µW/cm2 in the presence of glucose when used in
BFCs. Thus, it could be easily tailored to be integrated in real miniaturized systems, showing their
great potential to be integrated in the new trend of wearable technologies.
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“Thermomaterials” is an emerging concept that is spreading within the scientific community
to refer to those solid-state compounds that present caloric effects and/or energy storage capacity
of interest for eco-friendly, safe and efficient refrigeration and/or heating technologies.[1]
Most of these thermomaterials exhibit large thermal changes (latent heat, adiabatic
temperature change and/or isothermal entropy change) originated from a solid-to-solid phase
transition induced by different external stimuli (such as temperature, sunlight, pressure, magnetic
and/or electric field)[2]. In that regard, these materials offer important advantages in comparison
with the most widespread vapour-compression refrigerant gases and solid-to-liquid thermal
energy storage materials. Among others, thermomaterials avoid leaks of those fluids (which are
hazardous for the environment and/or the user), they can be recovered and reused in an easier
way (favouring the circular economy), and they present lower volume changes (allowing for a
more compact design of the devices). Nevertheless, it is still challenging to find solid-state
materials that can present sufficiently large thermal changes under the operating conditions
required by the market.
In this work, we present the recent advances on the chemical design of hybrid organicinorganic thermomaterials with caloric effects induced by pressure (barocaloric effects)[3] and with
multiple (electric and thermal) energy storage induced by sunlight heat[4], in addition to their
implementation in proof-of-concept devices[5]. Here we compare the caloric and thermal
properties of these materials with those of commercial refrigerant gases and liquid-solid thermal
energy storage materials, and we highlight the new challenges that this emerging technology will
face in the coming years.
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Artificial photosynthesis (AP) has emerged as key tool for solar fuels production and CO 2
photoreduction, providing a renewable solution to the global warming. For this purpose, TiO2
based photocatalysts are widely used owing to its availability at low cost. Unfortunately, TiO2 is
active only under UV light (∼4% of solar energy), while visible light contributes ∼43%, resulting
in a low AP pathways efficiency. In this context, the development of novel photocatalysts
absorbing from UV to visible light is still needed. With this idea in mind, we propose the design of
new multifunctional hybrid materials based on Organic Polymers (OP, such as Conjugated
Porous Polymers) and inorganic semiconductors (ISs, such as TiO2) as photocatalysts driving
more efficiently photoactivated reactions under UV-visible light.[1] Upon light exposure, a charge
transfer could occur in these materials to transform CO2 and H2O in fuels. As a consequence,
understanding the photophysical properties of these hybrids is required for elucidated the
mechanism involved in AP photocatalytic processes (Figure). In that regard, Transient Absorption
Spectroscopy (TAS) has been widely used for studying transient species such as excited states
and radicals generated from a pulsed laser source as well as electron and energy transfer events,
providing reliable information on charge separation processes. Herein, we demonstrate the
usefulness of the photophysical techniques by means time-resolved fluorescence and TAS to
establish the mechanism governing the photocatalytic efficiency in hybrids photocatalysts under
UV-visible light.[2,3] The unique interfacial interaction between OP and IS results in longer carriers’
lifetimes from the ns to ms timescale. These findings demonstrate a higher driving force for the
electron transfer, which directly lead to an enhanced performance of the hybrids based on OPs
and ISs compared to the bare materials. These results establish the key between performancestructure relationships and highlight the great potential of highly tunable and photostable OPs for
solar fuels production, as well as for a multitude of light-mediated energy applications.
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To date, a plethora of electrocatalysts for the Oxygen Evolution Reaction (OER) have been
proposed. For evaluating their electrocatalytic behaviour the determination of the onset potential
and Tafel slope in each studied electrolyte are key parameters.[1] Nevertheless, this evaluation
becomes particularly problematic for first-transition metal catalysts as well as by the use of
electroactive collectors whose redox peaks overlap the onset potential and hinder the correct
determination of Tafel slope.[2] A usual solution to solve this problem is the in-situ determination
of generated oxygen by mass spectrometry.[3] However, this in-situ determination is very
expensive and only available in few laboratories. To overcome these limitations,
coulovoltammetric response obtained from cyclic voltammetry allow a quantitative separation in
the same potential range of the charge consumed by reversible (redox peak) reactions and the
charge consumed by the irreversible reaction: the oxygen release. Accordingly, by means of
quantifying the irreversible charges for different anodic potential limits is possible the
unambiguous determination of both, the onset potential and the Tafel slope values isolating the
catalyst redox contributions. To demonstrate the use of this technique, the onset potential and
the Tafel slope for three benchmark electrocatalysts based on first-transition metal: a layered
double hydroxide, a Prussian blue analogue and a β-Layered hydroxide were determined.[4] This
study evidence the potential of coulovoltammetry as a straightforward and powerful tool for the
investigation of electrocatalytic performances.

Scheme 1. Coulovoltammetries allow extracting the oxygen evolution charge in the OER.
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In the last decades, UV based processes have been widely deployed using mercury lamps.
They can either break the molecule directly by photolysis or indirectly with the aid of radical
species as in photocatalytic processes. Nevertheless, those lamps entail economic and
environmental problems, such as the use of toxic mercury and the stability with time. Hence, light
emitting diodes (LEDs) have arisen as a good alternative to overcome these problems. Moreover,
they can be designed to irradiate at different UV wavelengths, which make them tunable for photodegradation, as every organic molecule has a specific maximum absorption wavelength due to
the existing bonds. In direct photolysis, when the light reaches a molecule, its energy is used to
move an electron from a bonding or non-bonding orbital to an empty anti-bonding orbital, leading
to the breakage of the chemical structure. In photocatalysis, the light is absorbed by a
photosensitive catalyst, which produces oxidant species, such as hydroxyl radicals, leading to the
compound’s degradation. Therefore, the comparison between photolysis and photocatalytic
process in terms of kinetics and energy requirements is needed to accomplish an improved and
effective process for the remediation of contaminants of emerging concern[1]. The aim of this study
is to compare both photolysis and photocatalysis processes with two different wavelengths
emitted by LED lamps: UV-A (365 nm, 1500 W m-2) and UV-C (278 nm, 12 W m-2), for the photodegradation of pharmaceutical dexamethasone.
Dexamethasone (DXMT) is a pharmaceutical compound extensively used for COVID-19
treatment, so it can be found in water effluents. The degradation of 30 mg L-1 of DXMT under
different technologies followed a pseudo-first order kinetics. To enable the comparison, Table 1
reports the main parameters and variables such as wavelength, lamp irradiance, power
consumption, degradation rate constants (kapp) and the electrical energy per order (EEO)[2].
Table 1. Main parameters in the photolytic degradation of DXMT
Technology

Wavelength
(nm)

Irradiance
(W m-2)

Power
(W)

kapp
(min-1)

EEO
(kW h m-3 order-1)

Photocatalysis UV-A

365

1500

530

0.2443

166.61

Photocatalysis UV-C

278

12

21

0.0237

68.051

Photolysis UV-A

365

1500

530

0.0139

2928.35

Photolysis UV-C

278

12

21

0.1526

10.57

This study shows that, from a kinetic perspective, photocatalysis with 0.5 g L-1 of TiO2 and
UV-A is the fastest treatment. Nevertheless, the irradiance is about 100-fold higher when
compared to UV-C, which leads to an EE0 of 166.61 kW h m-3 order-1. Thus with UV-C, photolysis
is the more efficient technology, with an EE0 of 10.57 kW h m-3 order-1. The chemical bonds of
DXMT molecule absorbed UV-C light and are effectively broken. Thus, photocatalysis is a more
suitable option when the organic molecule could not be degraded by direct photolysis and the
indirect oxidation mediated by hydroxyl radicals is required.
Acknowledgements. Grant RTC2019-006820-5 funded by MCIN/AEI/10.13039/501100011033
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Water splitting is one of the key processes for many applications related to energy storage and
conversion. Based on that, herein we report a straightforward, efficient and robust synthesis of
mono- and bimetallic nanoparticles, promoted through a commercially available metallic source.
For instance, the Wilkinson complex in order to prepare Rh2P nanoparticles, which have high
crystallinity and are coated with graphitic carbon patches.1 The resulting materials have been
tested in electrocatalytic HER and OER processes at acid, alkaline and neutral media, providing
superb HER activity and competitive OER performance, particularly at neutral and alkaline media,
compared to the benchmark HER and OER electrocatalysts Pt and RuOx/IrOx, respectively
(Figure 1a).2
Supported Fe-doped Pd-nanoparticles (NPs) have been prepared via soft transformation of a
PdFe-MOF.3 The thus synthesized bimetallic PdFe NPs are supported on FeOx@C layers, which
are essential for developing well-defined and distributed small NPs. The application of this
material (PdFe@FeOx-C) as a multifunctional nanocatalyst for the electrocatalytic water splitting
process has been investigated with promising results, compared with those obtained for
previously mentioned benchmarking catalysts, in terms of favorable intrinsic activity, wide pH
window and high stability (Figure 1b).4

Figure 1. a) HER and OER for Rh2P@Carbon@Nafion catalysts (left panel); b) HER and OER
for PdFe@FeOx-C@Nafion catalysts (left panel).
Authors thank the financial support by the Spanish Government (RTI2018-096399-A-I00) and
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Fast charge transfer is paramount for energy applications such as photovoltaics or
photocatalysis. These applications are based on the excitation of electrons to unoccupied
molecular orbitals of semiconductor materials and subsequent delocalisation within the
conduction band. Therefore, fast delocalisation of these electrons within the conduction band is
key in order to avoid charge recombination events that would lower the overall efficiency of the
application. Consequently, orbital dependent charge transfer information can significantly help
the rational design of future materials for these applications. In this presentation, we provide a
step-by-step description of the use of the core hole clock method to obtain orbital dependent
charge transfer times for SnS2 and SnS energy materials in the femtosecond range. SnS2 and
SnS are semiconductors with layered structure, exhibiting different intralayer cohesion forces.[1]
We use both S 1s and Sn 3d core holes with natural core hole lifetimes of 1.3 fs and 0.3 fs, as
time references to obtain a complete picture of electron delocalisation times across the conduction
band of both materials.[2] [3] Ultrafast electron delocalisation times, lower than 5 femtoseconds,
are measured for electrons excited to the unoccupied molecular orbitals of both materials, with
delocalisation times being the shortest for higher-lying molecular orbitals. SnS delocalisation
times are found to be shorter than those for SnS2 for all molecular orbitals probed, with
delocalisation times being more than an order of magnitude shorter for higher lying molecular
orbitals. DFT calculations show that the slower delocalisation of electrons in SnS is due to the
restricted out of plane spatial dispersion of the molecular orbitals in the conduction band and
consequent limitation of the excited electron delocalisation pathways. The results in this
presentation highlight the high potential of combining the core hole clock method with high-level
DFT calculations to study orbital dependent charge transfer in semiconductor materials for energy
applications down to the attosecond scale.
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The world's energy future needs to exploit the potential energy of the most abundant
element in the universe, hydrogen, which will end for becoming the most important energy carrier.
Unfortunately, the use of the electricity from renewable energy sources (such as solar or wind
power) to split water into hydrogen, which is subsequently employed in fuel cells, requires the
development of efficient and low-cost electrocatalyst materials. Thus, the advance of this type of
renewable and sustainable hydrogen-based energy technologies directly depends on the
development of more stable, efficient, low-cost, and scalable electrocatalyst materials.[1]
More concretely, highly active electrocatalyst materials for the oxygen reduction reaction
(ORR) are of increasing interest due to their extensive applicability in a wide variety of renewable
energy technologies, such as cathodic electrode for rechargeable metal-air batteries and
hydrogen fuel cells. These electrocatalysts are also useful for other cathodic reactions, such as
hydrogen evolution reaction (HER) in water splitting and nitrogen reduction reaction (NRR).[2]
Similarly, oxygen evolution reaction (OER) is a limiting anodic reaction in the process of
generating molecular oxygen through water splitting. Developing improved catalysts for the OER
is the key to the advancement of a number of renewable energy technologies, involving solar
fuels production and metal-air batteries.[3]
Our research group is joining different strategies for generating efficient and sustainable
electrocatalysts materials, based on engineered plasmonic nanoparticles,[4] heteroatom-doped
carbon materials (HDCMs),[3] and non-sacrificial metal-organic frameworks (MOFs) synthesis
technologies. An overview of our more interesting results to date will be presented, providing
insights into the design of highly active electrocatalysts for these reactions involved in water
electrolysis and the fuel cell.
Acknowledgements
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Organic semiconductors have recently gained great importance due to their use in the
fabrication of a new generation of optoelectronic devices such as organic light-emitting diodes
(OLEDs), organic field-effect transistors (OFETs), and organic and hybrid solar cells (OSCs and
HSCs), whose flexibility and lightweight are very appealing properties for the electronics industry.
Nevertheless, these materials commonly show an inherent disorder in the solid state that strongly
affects the charge mobility and the corresponding electrical performance. Since the packing of
the vast majority of these organic semiconductors is governed by weak π-π interactions, due to
its poly(hetero)aromatic nature, this makes very difficult to control and predict their solid state
structure. Recently, the design of novel polyheteroaromatic molecules, that incorporate hydrogen
bond donor/acceptor sites within the conjugated skeleton, has allowed us to achieve certain
control on the molecular arrangement in the solid state through self-assembly. In turn, these selfassembled organic semiconductors present high stability and thermal robustness that are
beneficial for the performance of electronic devices.[1]
Since the expansion of the conjugated system can also play a key role in the properties of
organic semiconductors, [2] herein we present the evolution of our molecular design strategy
adapted to the synthesis of self-assembled, two-dimensional, π-expanded organic materials. A
multi-step synthesis for compounds with C3h symmetry has been optimized to achieve the
objective of getting a 2D-hydrogen bonded network.[3] Moreover, these materials have been used
as interfacial layers for the hole transport in perovskite solar cells, where they have proved to
enhance the performance of the photovoltaic devices.
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As the initial articles reported the successful utilization of the methylammonium lead iodide
(MAPbI3) perovskite in solar devices, several attempts have been performed to modify its
composition to enhance the performance and stability of the photovoltaic cells. [1]
Here, the overall impact of the partial replacement (5–15%) of methylammonium (MA) in
the MAPbI3 perovskite by cesium or guanidinium (Gua) cations to fabricate thin films of triple
cation CsxGuayMA1–x–yPbI3 perovskites is studied. [2]
The structural changes are investigated by using X-ray diffraction measurements revealing
shrinkage or expansion of the unit cell upon Cs or Gua incorporation, respectively. The
optoelectronic properties are characterized with photoluminescence (PL) time-resolved
spectroscopy and the space charge limited current (SCLC) method. Shorter PL time constants
are obtained for the samples with only Cs, while longer PL decays are measured for the
perovskites containing additional Gua cation. The SCLC measurements reveal a larger density of
trap states in the CsxMA1–xPbI3 perovskites compared to the MAPbI3 material.
The PSCs fabricated with the different mixed cation CsxGuayMA1–x–yPbI3 perovskites reveal
a good correlation with the measured optoelectronic properties. The power conversión efficiency
(PCE) improves from an average value of 18.6% for the MAPbI3 to a value of 20.0% for the
Cs0.05Gua0.05MA0.90PbI3 perovskite with a champion cell delivering 21.2%. On the opposite, the
PCE decreases to a value of 17.3% for the double cation perovskite with Cs.

Figure 1. Bragg peaks corresponding to the (110) and (220) planes at different contents of the
Gua cation in a CsxGuayMA1–x–yPbI3 perovskite film.
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Photo-electrochemical production of fuels by means of artificial photosynthesis reactions
is, at the moment, one of the most interesting energetic alternatives to fossil fuels. In this context,
different hybrid materials based on the synergic activity of organic polymers and inorganic
semiconductors are being developed in the Photoactivated Processes Unit, at IMDEA Energy, for
H2 production [1-3]. Classical synthesis of conjugated polymer is based on solution-phase
polymerization which generates insoluble and unprocessable solids, hence excluding these
materials for the fabrication of thin films. In this sense, electropolymerization has emerged as a
valuable technique for obtaining polymer films with great control over layer thickness by adjusting
the number of cycles or the deposited charge on the electrode.
In this work, we present polymer IEP-23 which has been successfully synthesized by homoelectropolymerization of monomer 1,4-bis(N-carbazolyl)benzene (BCB), as well as film formation
optimization. The thickness of polymer thin films was studied and optimized by FE-SEM imaging
and by measuring photocurrent densities by chronoamperometry at a certain bias potential. In an
effort to fabricate hybrid photoelectrodes, the electrodeposition of inorganic copper oxide Cu2O
has been optimized, through electrodeposition, following the same methodology. At the same
time, electropolymerization of monomer BCB onto Cu2O electrodes was also achieved, thus
producing hybrid photoelectrode Cu2O/IEP-23 (Figure 1).

Figure 1. Scheme of layer deposition in the construction of hybrid electrodes (left). Linear sweep
voltammetry under chopped illumination at different bias potentials for Cu2O and hybrid
photocathode Cu2O/IEP-23 (right).
Photoelectrochemical studies have revealed the efficiency of the hybrid layer which outperformed
its bare components with an almost three times increase of the photocurrent density (Figure 1).
Recent photoelectrochemical experiments indicate that IEP-23 acts as a passivating layer
reducing recombination at surface trap states.
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In the context of current energy crisis, renewable energies have irrupted as primary solution to
asset the increased demand. The intermittent nature of renewables, such as solar and wind
energy, has driven scientific community efforts to the search of efficient energy storage systems
to overcome this hurdle. Redox-flow batteries stand as relevant candidates for large scale
stationary energy storage due to their unique capability to decouple power and energy. This
particular architecture ensures long lifetime with little maintenance, which gives rise to astonishing
energy cost (<0.05 €/kWh/cost) aligned with Green Deal goals set by European Commission for
2030. [1]
Vanadium redox flow batteries, which achieved commercial fruition back in 1980s, represents the
state-of-art of the technology. The scarcity and volatile price of vanadium is preventing further
deployment and market permeation promoting the interest in developing sustainable alternatives.
[2]

Water-soluble organic redox active materials are leading candidates to replace metal-based
species owing to their low cost and their structural diversity and tailorability. Despite efforts
devoted to the development of new active materials,[3] search for stable high redox potential
molecules for catholyte remains a challenge.
As a solution to abovementioned problem, we report a novel anolyte-catholyte combination for
neutral pH Aqueous Organic Redox Flow Batteries leading to cell voltages >1.2 V and outstanding
stability and efficiency. A case of study for TEMPO-based electrolyte including synthesis,
characterization and battery testing is provided.
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Zinc-based batteries such as zinc-air and zinc-ion batteries are widely recognized as one of
the next-generation energy-storage solutions. The merits of zinc-based batteries include
abundance, high energy density, economic as well as safe operations [1]. However, widely used
aqueous electrolytes have critical issues such as passivation and corrosion [2]. Non-aqueous
electrolytes have some benefits over aqueous counterparts, including a wider electrochemical
stability window and suppression of parasitic reactions from water. As one of the critical
deficiencies of non-aqueous electrolytes is their lower ionic conductivity [3], this work focuses on
designing non-aqueous electrolytes to maximize their ionic conductivity for Zn-based battery
applications.
Finding a new electrolyte with a target property (i.e., high ionic conductivity) has traditionally
been guided by intuition and many trial-and-error. Complex electrolytes consisting of multiple salts
and solvents have a vastly large chemical space where the number of possible combinations is
too large for an Edisonian approach to be practical. Bayesian Optimization (BO) [4] is a machinelearning-guided strategy to effectively navigate the vast chemical space to identify the
composition that yields the highest ionic conductivity using the minimum number of experiments.
We demonstrate our results of designing the non-aqueous electrolyte for Zn-based battery
applications using BO. The chemical space for the electrolyte design consists of two salts and
two solvents. The demonstrated BO-based design strategy can accelerate the battery
development process by guiding future experiments based on its merits, thereby allowing
researchers to design complex electrolytes more effectively.
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Solid-state lithium batteries (SSB) are anticipated as the main actors for the next battery
generation due to the impact they could have on powering electric vehicles and grid storage.
However, the multiple interfaces between the active material, the conductive binder and the solid
electrolyte within the composite cathodes give raise to interfacial resistances that reduce the
performance of the battery.[1] Recent studies in our group have demonstrated that both processing
variables and mixing equipment heavily influence the rheological properties of the dispersions
and consequently the morphology and microstructure of the final electrodes.[2] Therefore,
understanding the effect of the preparation method on the internal structure of the cathode will
help to define the electronic and ionic conductive pathways that will significantly impact on the
cell performance regardless the used materials.
This study aims to investigate the role of a specific electrode processing parameter in the
obtention of composite cathodes by varying the wet-mixing time (Figure 1) and analyzing how it
affects the electronic and the ionic conductivity of the composite cathodes. After laminating the
electrodes, the cathodes are assembled in either electron- or ion-blocking configurations to
separate both conductivity contributions and the microstructure of the electrodes is analyzed by
SEM. The measured electronic conductivity shows an equilibrium between polymer breakage and
carbon deagglomeration at the optimum after 2 hours of wet-mixing. However, ionic conductivity
is very weakly affected by the wet-mixing time. Other parameters (i.e. viscosity, active material
loading, dry thickness) have also been analyzed supporting the observed results.

Figure 1. Scheme of the slurry mixing process for the SBB composite cathodes.
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Copper sulphide (CuS) has shown promising properties for its use as electrode material for
lithium- and sodium-ion batteries because of its low cost, high abundance on the earth crust,
superior theoretical capacity (560 mAh g−1), and high electronic conductivity (103 S cm−1).[1-3]
Moreover, CuS nanoparticles have shown good results when employed as cathodes in
rechargeable magnesium batteries.[4,5]
In order to increase conductivity, CuS has been mixed with graphene oxide, and, to improve
active surface area, CuxS-rGO aerogels have been synthesized following a freeze drying
process.[6]
Several copper sulphide-reduced graphene oxide aerogels (CuS-rGO and Cu2S-rGO) with
different CuS:rGO ratios have been prepared. In this presentation the preparation method, their
physico-chemical properties, and their promise as electrodes in rechargeable batteries will be
discussed.
Acknowledgements: Authors acknowledge the M-ERA.NET (NOEL) project, PCI2019-103637
funded by MCIN/AEI/10.13039/501100011033.
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Lithium-ion batteries (LIBs) have channeled the revolution of portable electronic devices
during the last two decades. Nevertheless, classic LIBs based on graphite anode and LiCoO2
cathode fall short to match the standards of the automotive industry. Silicon has become the
goose that laid the golden eggs as its enormous capacity (~3600 mAh g-1) permits to increase the
energy density of the cells blended (even in small fractions) with state-of-the-art graphite in the
anode. Nevertheless, it undergoes severe volumetric expansion-contraction upon lithiationdelithiation that leads to particle cracking and electric disconnection after successive cycling[1].
Regarding the positive electrode, battery manufacturers are currently in a fork. The path to
the right is the route to LiFePO4 (LFP) which provides safety, high cycle performance, and
acceptable capacity (170 mAh g-1) but low energy density due to its low working potential (3.45 V
vs. Li/Li+)[2]. On the other hand, the path to the left brings us to LiNixMnyCozO2 (with x + y + z = 1)
layered oxides, a family of materials in which the capacity is higher as the fraction of Ni is
increased. They work at higher voltages and, therefore, provide higher energy density.
Nevertheless, the increase of Ni fraction also decreases the stability of the material and its cycling
stability[3]. In the last years the automotive industry seemed to be taking the latter path, but the
last occurrences, such as Tesla announcing the use of LFP in its new models,[4] makes it difficult
to foresee the next dominating type of cathode material.
In this work, LFP and LiNi0.5Mn0.3Co0.2O2 (NMC532) blended cathode and (10.2%) Si and
graphite blended anode rolls were manufactured and 1.8 Ah cells were assembled with these
electrodes. The aim of such strategy was to maximize the energy density (with NMC532 and Si)
with an acceptable cycling stability (thanks to LFP and graphite). Cylindrical- and pouch-type cells
were assembled and tested for comparison. These tests consisted in calendar and galvanostatic
cycling, the latter comparing different cutoff voltages. Post-mortem characterization revealed that
the cause for the capacity fade of the cells was the degradation of silicon in the negative electrode.
Therefore, further work needs to be done to minimize the fracture of the particles of this active
material. Nevertheless, this work evidenced that this can be mitigated by limiting its delithiation
by the adjustment of the operation voltage window.
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Currently, room temperature sodium-sulfur batteries are attracting attention due to their
high theoretical capacity, energy density, abundance, low cost, lack of toxicity, and ecofriendliness. Several methods have been developed to improve the electrochemical performance
and avoid problems such as shuttle mechanism. The most effective method is to host the sulfur
in carbon materials.[1] 3D-graphenes (3DG) have proven to be a suitable matrix for hosting sulfur
in metal-sulfur battery cathodes. [2]
The aim of this work is to carry out a comparative study of different types of cathodic
materials, such as: nitrogen (N-3DG), nitrogen-sulfur (NS-3DG), fluorine (F-3DG) and nitrogenfluorine (NF-3DG) doped 3D-graphene and undoped 3D-graphene (3DG), to prepare graphenesulfur composites for room temperature sodium-sulfur batteries. Graphene materials have been
synthesized by hydrothermal method using graphitic oxide as a carbon source and adding
different dopant elements [3]: (i) urea for N-3DG, (ii) thiourea for NS-3DG, (iii) fluoridric acid for F3DG and (iv) ammonium fluoride for NF-3DG. Moreover, composites have been prepared by melt
diffusion method, which involves the melting and diffusion of sulfur on the graphene at 155ºC for
12 hours with an optimized 70 wt.% sulfur loading (Figure 1).
The prepared graphenes and composites were analysed by various characterization
techniques to confirm its structural, morphological, and textural properties. In this context,
composites have been used to prepare cathodes for sodium-sulfur batteries, tested in coin cells
(CR2032), using sodium metal as an anode and a solution of 0.2 M NaNO3, 1.5 M NaClO4 in
TEGDME as electrolyte. Electrochemical performance results of the Na-S cells (specific capacity
and cycling stability) demonstrate that 3D-doped graphenes can be considered as suitable
candidates to optimize the cathode of this battery technology.

Figure 1. Synthesis scheme of graphene-sulfur composites.
Acknowledgement: This work was performed with the financial support of the MICIIN (PDI2020113931RB-I00 & PDC2021-120903-I00), Junta de Andalucía (Group FQM-175).
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Electrocatalyst materials that drive fuels cells and other fossil fuel-free energy technologies
have shown to play an important role on the production of clean and sustainable energy [1]. These
materials enable the conversion between fuel and energy, using hydrogen as fuel or producing it
from water or biowaste.
In this work, we design and preparate palladium nanoparticles (PdNP) supported inside
hollow graphitised carbon nanofibers (GNF), designated as PdNP@GNF, to be used for the
hydrogen evolution reaction (HER). PdNP@GNF exhibited continuously increasing activity over
30000 reaction cycles, surpassing by far the activity of the commercial catalyst platinum on carbon
(Pt/C) (Figure 1). This behavior is directly linked to interactions between the palladium
nanoparticles and the graphitic step-edges within the GNF, where the material is self-activating.
This system allows the sustainable use of precious electrocatalysts in hydrogen production
providing a real solution to the long-standing challenges in electrochemical energy storage and
conversion systems [2,3].

Figure 1. Palladium nanoparticles confined inside hollow graphitised carbon nanofibers exhibit
a remarkable increasing activity over cycles when used as electrocatalyst in the hydrogen
evolution reaction surpassing the activity of platinum on carbon.
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Nowadays there is a great interest in the development of more abundant chemistries
alternative to Li-ion batteries due to the uneven distribution of lithium and its scarcity. Thereby,
potassium-ion batteries (PIBs) emerge as attractive candidates because of the higher abundance
of potassium in the Earth crust and the similar redox potential compared with lithium (Li/Li+ = 3.04
V vs. SHE; K/K+= 2.93 V vs. SHE). However, at a first glance, from an electrochemical point of
view, potassium has some disadvantages as it presents larger ionic radii than lithium and it is
heavier, but this is compensated in large scale applications as potassium ion batteries are, lower
cost and more sustainable than Li-ion batteries [1].
Titanium oxide-based materials with hollandite-type structure have been widely studied as
electrode materials for Li-ion batteries and, recently, for Na-ion batteries [2]. Its unique structure
composed of double chains of TiO6 octahedra forming (2x2) tunnels, would be a privileged
pathway for the insertion and extraction of large potassium ions, which can be even already
present in its (2x2) [TiO6] octahedra tunnels (Figure 1, a) [3].

Fig 1. a) Scheme representation of hollandite structure with K ions in the (2x2) tunnels
[3], b) Rietveld refinement from the powder neutron diffraction data of the hollandite-type
synthesized (K1.5V1.5Ti6.5O16).
In this communication, synthetic details, structural characterization (by X-ray diffraction,
neutron diffraction (Figure 1, b) and transmission electron microscopy), and the evaluation as
potential electrodes for K-ion batteries of new phases with hollandite-type structure and different
compositions (Ax(B8-yTiy)O16; where: A= K+ and B= Al3+ or V3+) will be discussed.
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A main task in modern chemistry consists of searching new methodologies for the formation
of C-C bonds of different nature. In many cases, the use of molecular transition metal complexes
is necessary, which might imply some drawbacks, such as high cost, need of high catalytic
loadings, low recyclability and difficult separation from the final products. In this context,
heterogenization of metal catalytic sites play a key role in the design of sustainable systems.
Among the possible strategies, the use of covalent organic frameworks (COFs) appears as a
valuable alternative. These porous and crystalline materials are formed by the condensation of
organic building blocks through dynamic covalent chemistry, possessing facile processability and
easy tailoring.
Following these ideas, we present herein the synthesis of a new imine-based COF
containing phenanthroline ligands into its structure (Phen-COF), enabling the stable coordination
of different active metal fragments. On the one hand, the functionalization of the material with
Ir(III) and Ni(II) centers allowed obtaining the bimetallated Ir,Ni@Phen-COF, that displayed
excellent cooperativity between both catalytic sites.[1] The combination of photoredox activity of
Ir(III) complex and the ability of Ni(II) to act as a bond formation-mediator allowed performing up
to 4 different types of visible-light mediated C(sp3)-C(sp2) couplings. On the other hand,
coordination of Pd(OAc)2 to Phen-COF resulted on a highly catalytically active material for C(sp2)C(sp2) couplings.[2] In fact, Suzuki-Miyaura and Mizoroki-Heck reactions were carried out under
air atmosphere and using green solvents such as ethanol and water at low temperatures, being
possible to reach turnover numbers up to 16000.
Overall, this work contributes to the development of new efficient heterogeneous catalytic
systems able to perform a variety of organic transformations under green reaction conditions.
[1]

Phen
COF

[2]
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The development and integration of renewable energy is key to solving the growing problems of
energy scarcity, climate change and global pollution. However, the random and intermittent nature
of renewable energy sources makes the development of energy storage, and especially on a
large scale, essential to increase its quality and stability. It is then necessary to develop systems
capable of storing energy when production exceeds demand and releasing it in the opposite case.
[1,2]
In this context vanadium redox flow batteries (VRFB) have been postulated in recent years as
one of the most efficient technologies for large-scale energy storage due to their modular design
that favors scaling and the separate design of energy and power. In addition, the use of vanadium
species has unique advantages such as: elimination of cross-contamination due to ion diffusion
through the membrane, short response time, and long life of use.
VRFBs are electrochemical cells, where the energy conversion is based on the reversible
electrochemical reactions of two vanadium redox couples, normally dissolved in an electrolyte.
RFBs are made up of two parts connected by pumps: the cell, where the electrochemical
reactions take place, and the external tanks, where the electrolytes are stored. The greatest
advantage of this type of technology is the ability to separate energy and power of the battery.
One of the critical components of VRFBs are the electrodes, where the electrochemical reactions
take place, conditioning the battery performance in terms of power density and energy efficiency.
However, improvements are still required to lower the costs of VRFBs and improve their specific
power and energy. [3]
In this work we propose the modification of commercial carbon felts with carbon nanofibers
(CNFs) obtained by catalytic decomposition of CH4 using a nickel-based catalyst. Firstly, nickel
oxide (NiOx) nanoparticles were deposited on the carbon felts by wet impregnation using nickel
nitrate as precursor, followed by a reduction of the metal precursor with NaBH4. Next, the carbon
felt with NiOx was treated under a H2 current at 550 ºC in a horizontal reactor to reduce the NiOx
to metallic Ni, that it is the form catalytically active for the decomposition of CH 4 into hydrogen
and carbon, in the form of nanofibers. The catalytic decomposition of CH4 over the Ni-modified
graphite felt was carried out at 700 ºC. The activity of the CNF-modified electrodes was
determined in a 3-electrode half-cell system, evaluating the redox reactions of both the negative
(V2+/V3+) and the positive (VO2*/VO2+) electrode.
Carbon felts modified with CNFs present a higher catalytic activity in comparison to the pristine
felt for both the negative and the positive electrode reactions, being foreseen as promising
materials to increase the efficiency of VRFBs.
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With the increasing need for safe, light and flexible energy storage devices, polymer based
gels, solid-like or even solid electrolytes are becoming widespread materials. The ratio between
the active liquid electrolyte and the polymer that provides mechanical properties is well known to
impact the final properties, and it is well studied. There are other features, however, which may
impact strongly on the polymer-based electrolyte properties and which are less considered, such
as the polymer molecular weight (MW) and the nature of the interactions between the polymer
and the liquid electrolyte.
In the SALBAGE project, and currently in the AMAPOLA Project, polymer-based
electrolytes have been developed for their use in aluminium-based batteries, with different
chloroaluminate electrolytes. In these electrolytes making the polymer concentration as low as
possible is a must, since the interaction between soluble polymers and chloroaluminates is very
strong and involves modifications of the electrolyte chemical structure[1], which deteriorate its final
electrochemical properties. It was found that in gels of uralumina (urea: AlCl3) with very low
polymer concentration[2] the electrochemical properties are reasonably well preserved.
In order to gain more insight on the impact of specific interactions between the liquid
electrolyte and the polymer on the rheology and electrochemical performance of polymer gel
electrolytes, further work has been done with Zn polymer gels, easier to handle and characterize
than Al ones. In this work we present results on Zn gel electrolytes, prepared with either
acetamide:ZnCl2 or acetamide:ZnTFSI2.As in uralumina gels, in these gels PEO interacts with
both the HBA and the HBD species, acetamide and Zn2+. These electrolytes differ, however, in
the nature of the anion, TFSI- on one case, Cl- on the other. The effect of the different anions on
relevant properties such as gel rheology, ion conductivity and electrochemical properties are
studied in this work. Differences are found for example when comparing their ionic conductivities
(Figure 1). The electrolyte properties are discussed in terms of the physicochemical structure of
the gels formed.
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Figure 1. σ of 4 AC:ZnCl2 (orange open symbol) and 4 AC:ZnTFSI2 (blue open symbol) and the
gel electrolytes (solid symbols) prepared with 2.5wt.%
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Sodium-ion batteries (SIBs) have attracted significant attention in the last years as they are
considered cost-effective alternatives to lithium-ion batteries (LIBs). Nonetheless, one of the main
problems for SIBs is to find a suitable anode material that can properly intercalate Na-ions.
Graphite is the conventional material used to fabricate standard rechargeable LIBs, however, it
cannot form binary compounds with Na-ions and has other limitations such as limited intrinsic
capacity. Therefore, finding new alternative anode materials for SIBs has become one of the main
targets in electrochemical storage research.[1]
In this context, the European Project NOEL: Innovative Nanostructured Electrodes for
Energy Storage Applications coordinated by the University of Zaragoza (UNIZAR) in Spain in
collaboration with the National Institute of Chemistry (NIC) in Slovenia and the Poznan University
of Technology (PUT) in Poland, have focused on finding new alternative materials for batteries
and supercapacitor electrodes. For instance, it is well known that presence of nanocrystals (NCs)
on these carbon materials might increase the active surface of the material, improve capacity
through conversion reactions, increase conductivity and electron transport or even relief
mechanical stress.[2]
Carbon/NCs hybrids have been prepared with non-graphitizable carbon-based substrates
synthesized at NIC and nanocrystals synthesized at UNIZAR. Physical characterization has been
performed showing the successful incorporation of NCs to the carbon material as well as the
reproducibility of the method and control over the quantity loaded. Moreover, these carbon/NCs
hybrids have been tested as electrodes in SIBs. The galvanostatic characterization has shown
that the incorporation of NCs can have different effects on the capacity and electrochemical
mechanism.

Figure 1. Schematic representation of a SIB using a carbon/NCs hybrid as anode material.
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En esta comunicación se revisa la época de la Guerra Fría (GF, 1945-1991) y su incidencia
en la sociedad, la ciencia y la tecnología con las principales aportaciones de los dos bloques
hegemónicos -occidental y oriental- liderados por los EE UU de Norteamérica y la Unión
Soviética (URSS), respectivamente. Fue un conflicto ideológico donde se enfrentaron el
capitalismo democrático contra el comunismo con períodos de graves tensiones. Durante esta
época se produjeron grandes avances en ciencia, tecnología, ingeniería espacial y nuclear y en la
industria armamentística. Además, se estudia la evolución de la tabla periódica de los elementos
químicos durante la Guerra Fría con la incorporación de catorce nuevos elementos por los EE UU
de Norteamérica, la URSS y la República Federal de Alemania.[1,2]
Entre los eventos y conflictos más importantes durante la GF cabe destacar: la división de
Alemania, la guerra de Corea, la guerra de Vietnam, la crisis de los misiles de Cuba, la carrera
espacial, la carrera nuclear armamentística, la guerra de Afganistán, el boicot de los Juegos
Olímpicos de Verano de Moscú y Los Ángeles, la revolución de Gorbachov y el fin de la GF, y la
búsqueda y descubrimiento de nuevos elementos químicos.
El hallazgo del neutrón (1932), ciclotrón (1934) y la fisión nuclear (1938-1939) y el desarrollo
del Proyecto Manhattan (1942-1946) permitieron la obtención de siete nuevos elementos entre
1935-1944 (Tc, Fr, At, Np, Pu, Am y Cm). Los cuatro últimos fueron obtenidos con el ciclotrón de
Lawrence. [3]
La Segunda Guerra Mundial (IIGM) finalizó con el lanzamiento de las bombas atómicas por
los EE UU de Norteamérica sobre las ciudades japonesas de Hiroshima y Nagasaki (agosto de
1945) y la rendición de Japón en septiembre de aquel año.
La GFcomenzó tras finalizar la IIGM. Los EE UU se hallaban en una clara ventaja
económica, científica, tecnológica y militar sobre la Unión Soviética que había sufrido los
rigores de la guerra. Entre 1945 y 1954, los EE UU lograron obtener cinco nuevos elementos: Pm
(1945), Bk (1949), Cf, (1950), Es (1952) y Fm (1952).[3]
En la década de 1955-1964, se descubrieron cuatro nuevos elementos: Md (1955), No
(1958), Lr (1961) y Rf (1964). En este período comenzaron las Guerras de los Transférmicos (19571997) -una extensión de la Guerra Fría en la tabla periódica de los elementos químicos-.
Finalmente, la IUPAC en 1997 atribuyó el descubrimiento del mendelevio a los EE UU, el nobelio
a la Unión Soviética, aunque mantuvo el símbolo de No; y el lawrencio y el rutherfordio a los EE
UU y la URSS conjuntamente. Durante la década siguiente (1965-1974), los Estados Unidos y la
Unión Soviética descubrieron dos nuevos elementos: Db (1967) (EE UU y la URSS) y el Sg (1974)
(Estados Unidos).[3]
Entre 1975 y 1991, aparece en escena la República Federal de Alemania que contribuyó con
el descubrimiento de tres nuevos elementos: Bh (1981), Mt (1982) y Hs (1984).[3]
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Maria Skłodowska-Curie es la científica más conocida de la historia, a pesar de lo cual
sigue habiendo facetas de su vida poco conocidas; una de ellas son sus visitas a España, país
al que viajó en tres ocasiones.[1]
Realizó la primera en abril de 1919, recién terminada la Primera Guerra Mundial, invitada
para hablar de su trabajo en los hospitales de campaña y al volante de las pequeñas Curie,
camionetas en las que transportaban fuentes de rayos X portátiles para realizar radiografías a
los heridos de balas. Vino acompañada por su hija Irène, que también había sido su principal
ayuda en los campos de batalla, para participar en el I Congreso Nacional de Medicina que se
desarrolló en Madrid. Una de las imágenes más conocidas de este viaje es la foto en la que
aparece junto a Alfonso XIII, que fue portada del diario ABC.
En 1931 fue invitada por el gobierno de la II República Española que se había proclamado
una semana antes, acompañada por su hija Ève, porque Irène se había casado poco antes.
Impartió conferencias en la Residencia de Estudiantes y en la Universidad Central de Madrid
sobre los procesos de desintegración nuclear de las sustancias radiactivas, y visitó centros de
investigación, como el Rockefeller, guiada por el físico español Blas Cabrera. Por las cartas que
le escribió a Irène, sabemos que disfrutó al ver la esperanza de todo el país ante la recién fundada
República, y sobre todo, porque este cambio de régimen se había realizado de forma pacífica.
Las crónicas del primer viaje que escribió Gregorio Marañón son perfectamente olvidables, no
así el relato de este segundo viaje que escribió la periodista Mª Luz Morales, su acompañante y
guía en este viaje. Tras finalizar su periplo científico, visitó las ciudades de Toledo, Aranjuez,
Granada (hay imágenes de su paso por el Patio de los Leones en la Alhambra), Almería, Murcia,
Valencia y Barcelona.
En mayo de 1933, unos meses antes de su muerte, volvió a Madrid para presidir una
reunión internacional sobre “El porvenir de la Cultura” como Vicepresidenta de la Comisión
Internacional de Cooperación Intelectual de la Sociedad de Naciones (CICI), institución con la
que colaboraba activamente para prevenir nuevos conflictos armados. Aunque Maria
Skłodowska-Curie vino a España vino con un hilito de vida, no fue una figura decorativa, sino que
realizó aportaciones memorables al comunicado final de la comisión en la que participó, que
recogen su visión de la ciencia y de su importancia en la cultura y en la sociedad.
Su hija Irène se alegró de que su madre no viviera para ver cómo el gobierno de la
Segunda República española era derrocado por la fuerza de las armas. De manera coherente,
tanto ella como su marido Frédéric Joliot-Curie, fueron los primeros intelectuales que apoyaron
la República abiertamente frente a los golpistas. Quizás por eso, los viajes de Marie SkłodowskaCurie a España no interesaron durante el franquismo.
Marie Curie junto a su hija Irène Curie
durante su viaje a España 1919, en
compañía del rey Alfonso XIII
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El origen de la Didáctica de las Ciencias Experimentales (DCE) se suele asociar al
lanzamiento del satélite ruso Sputnik en 1957, que provocó que Estados Unidos se planteara la
reconversión del modelo vigente de formación científica. En España fue en la década de 1990
cuando comenzó a considerarse que ya se podía hablar de la DCE como un cuerpo de
conocimientos que integraba de forma coherente lo relativo a la enseñanza de las ciencias[1].
Desde aquel momento han surgido propuestas cuyo principal objetivo ha sido pasar de
una enseñanza por transmisión-recepción del conocimiento (modelo tradicional) a otra en la que
el estudiante vaya construyéndolo a partir de lo que ya conoce (modelos constructivistas). En
ese tránsito fueron apareciendo enfoques curriculares tales como el movimiento CienciaTecnología-Sociedad o la alfabetización científica, que proponen el uso preferente de aspectos
de Naturaleza de la Ciencia y la vinculación de ésta con el entorno social. Pero, pese a los
esfuerzos por mejorar la enseñanza y el aprendizaje de las ciencias, desde hace tiempo se
observa una huida masiva de estas asignaturas en cuanto dejan de ser obligatorias. Y el motivo,
según señalan algunas investigaciones, reside en su propia enseñanza[2].
A comienzos de la década de 1990 surge el movimiento STEM (Science-TechnologyEngineering-Mathematics). Se expande a nivel internacional en respuesta a las necesidades
manifestadas por la National Governor’s Association, que en 2009 destacó que para mantener
la competitividad económica de Estados Unidos era necesario desarrollar una identidad STEM.
Para ello, desde el contexto educativo había que promover vocaciones hacia estas disciplinas
mediante un enfoque didáctico integrador. El movimiento desembocó en la recomendación de
promover la alfabetización STEM, que el Washington STEM Study Group define como la
capacidad de identificar y aplicar contenidos de las áreas de conocimiento STEM para resolver
situaciones problemáticas que no se pueden abordar desde un enfoque mono-disciplinar.
Se han desarrollado desde entonces muchas propuestas STEM, que asumen estrategias
ya existentes como el aprendizaje basado en indagación o en proyectos. Pero la discusión sobre
la caracterización del enfoque STEM, la forma de integrar las disciplinas y cómo poder
implementarlo en las aulas de los distintos niveles educativos sigue aún en la agenda de la
investigación en DCE[3][4]. Pese a tener detractores, la educación STEM parece ofrecernos una
buena oportunidad para retomar retos pasados que nos permitan mejorar el aprendizaje de las
ciencias. Para ello, los colectivos docentes de todos los niveles han de trabajar conjuntamente
con las administraciones educativas. Solo de este modo se podrá conseguir que la enseñanzaaprendizaje de las ciencias esté al nivel de lo que demandan, y necesitan, las sociedades
actuales y el mundo en que vivimos.
Referencias
[1] D. Gil, J. Carrascosa, F. Martínez. Una disciplina emergente y un campo específico de
investigación. En F. J. Perales y P. Cañal (coord.). Didáctica de las Ciencias Experimentales, 1134. Editorial Marfil, Alcoy-España, 2000.
[2] M. Fernández-González. ¿Vida Extraterrestre? Aspectos epistemológicos para el aula.
Revista Eureka sobre Enseñanza y Divulgación de las Ciencias, 2009, 6(3), 408-422.
[3] T. Martín-Páez, D. Aguilera, F. J. Perales-Palacios, J. M. Vílchez-González. What are we
talking about when we talk about STEM education? A systematic review of literature. Science
Education, 2019, 103, 799-822.
[4] D. Aguilera, J. L. Lupiáñez-Gómez, J. M. Vílchez-González, F. J. Perales-Palacios. In Search
of a Long-Awaited Consensus on Disciplinary Integration in STEM Education. Mathematics, 2021,
9(6), 597.
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La Ley Orgánica 3/2020, de 29 de diciembre, por la que se modifica la Ley Orgánica
2/2006, de 3 de mayo, de Educación (LOMLOE) introduce una serie de cambios que, según se
indica en la propia ley, se justifican por “la conveniencia de revisar las medidas previstas en el
texto original con objeto de adaptar el sistema educativo a los retos y desafíos del siglo XXI, de
acuerdo con los objetivos fijados por la Unión Europea y la UNESCO para la década 20202030”[1]. Así, en su desarrollo normativo, se expone un enfoque del currículo por competencias
acorde con la orientación actual de la mayoría de los sistemas educativos y que trata de dar
respuesta a esos desafíos a los que se enfrenta nuestra sociedad[2]. Este enfoque de la LOMLOE
ha generado controversia por su escasa concreción y exceso de retórica[3], lo que se une a las
dificultades que supone para el profesorado evaluar la adquisición de las competencias,
especialmente cuando estas se relacionan con actitudes y valores[2].
Los reales decretos que establecen la ordenación y las enseñanzas mínimas de la
Educación Secundaria Obligatoria y el Bachillerato –que en febrero de 2022 se encuentran
pendientes de aprobación– detallan los currículos previstos para las distintas materias, así como
el perfil competencial que se pretende que alcance el alumnado al finalizar cada etapa educativa.
Esta ponencia se centrará en el cambio de enfoque que tendrán que afrontar los docentes de las
asignaturas relacionadas con la química en la enseñanza preuniversitaria para contribuir a la
adquisición de la “competencia matemática y competencia en ciencia, tecnología e ingeniería
(STEM)”. En relación con la competencia en ciencia, los borradores de ambos reales decretos
afirman que “conlleva la comprensión y explicación del entorno natural y social, utilizando un
conjunto de conocimientos y metodologías, incluidas la observación y la experimentación, con el
fin de plantear preguntas y extraer conclusiones basadas en pruebas para poder interpretar y
transformar el mundo natural y el contexto social”. Para ello, debemos tratar de que los
estudiantes sean capaces de emitir hipótesis fundamentadas sobre fenómenos observables,
plantear estrategias para la resolución de problemas, organizar e interpretar resultados
experimentales y analizar información procedente de diversas fuentes, aspectos que tienden a
relegarse en las aulas y a ser ignorados en las pruebas de evaluación. Además, en el caso
concreto de la química, el alumnado debe tomar conciencia de su relevancia en el desarrollo de
la sociedad, inferir soluciones a los problemas cotidianos relacionados con las aplicaciones
prácticas de la química y defender de forma argumentada la influencia positiva de esta ciencia
en el bienestar.
Para contribuir a la adquisición de las competencias STEM, es fundamental contar con
instrumentos que faciliten su evaluación. Por ello, a lo largo de la comunicación se harán algunas
propuestas para evaluar los contenidos competenciales en el campo de la química
preuniversitaria que podrían ayudar a mejorar la formación científica de nuestro alumnado.
Referencias
[1] Ley Orgánica 3/2020, de 29 de diciembre, por la que se Modifica la Ley Orgánica 2/2006, de
3 de mayo, de Educación (LOMLOE). Boletín Oficial del Estado (BOE), 340, de 30 de diciembre
de 2020, 122868-122953.
[2] F. López. El enfoque del currículo por competencias. Un análisis de la LOMLOE. REP, 2022,
80 (281), 161-174.
[3] J. A. De Azcárraga. La nueva legislación educativa: por qué no mejorará la educación pública
en España. REP, 2022, 80 (281), 111-129.
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Marie Meurdrac (1610–1680) pertenecía a una familia acomodada de Mandres (Francia).
Al parecer aprendió química gracias a las clases que impartía el iatroquímico y boticario Jean
Beguin (ca. 1550-1620) en París. Meurdrac llegó a tener su propio laboratorio, en el que instaló
un horno de alta temperatura que usó para sus experimentos, hecho excepcional en esta época
porque requería un permiso especial del rey.
En 1666 publicó su tratado La Chymie… que alcanzó gran difusión: tuvo varias ediciones
en francés (1666, 1674, 1680, 1687 y 1711) y fue traducida al alemán (cuatro ediciones de 1673
a 1712) y al italiano (1682). Este libro fue aprobado por los maestros regentes de la Facultad de
Medicina de París, y estaba estructurado en seis secciones: “sobre los principios de la alquimia;
sobre la elaboración de medicinas y ungüentos para distintas enfermedades; sobre los animales;
sobre los metales, especialmente el mercurio y el antimonio; consejos y métodos para aumentar
la belleza; símbolos, aparatos y métodos para fabricar los productos químicos”.
En esta comunicación se detallarán las principales características de este libro, como las
diferentes técnicas de laboratorio descritas para obtener medicamentos y cosméticos o la tabla
de símbolos que se utilizaban en ese momento, siendo reseñable que además de estar escrito
por una mujer, estaba dirigido sobre todo a un público femenino [1,2,3,4].

Referencias
[1] A. Muñoz Paéz; A. Garritz. «Mujeres y química Parte I: De la antigüedad al siglo XVII».
Educación química 2013, 24 (1), 2–7.
[2] L. Tosi. “Marie Meurdrac: Paracelsian Chemist and Feminist”, Ambix: The Journal of the
Society for the History of Alchemy and Chemistry, 2002, 48 (2), 69–82.
[3] M. K. Ray. Daughters of Alchemy: Women and Scientific Culture in Early Modern Italy.
Cambridge, Massachusetts-London. Harvard University Press, 2015.
[4] S. Feinstein. “Experience, Authority, and the Alchemy of Language: Margaret Cavendish and
Marie Meurdrac respond to the Art”. Early Modern Women: An Interdisciplinary Journal, 2021,
15(2), 113 y ss.
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Desde su mismo inicio como especie, el ser humano ha sabido sacar provecho del medio
ambiente que lo rodea. Todas las sociedades se han servido de la enorme riqueza a nivel
molecular de la naturaleza, y de ella han extraído sustancias que han empleado como fármacos
con los que tratar enfermedades, venenos para cazar y asesinar, drogas legales e ilegales,
aromas, materiales, tintes…
El libro “Drogas, fármacos y venenos”[1] narra el enorme impacto que algunos productos
naturales han tenido en nuestra historia. Y lo hace a través de veinticinco capítulos ilustrativos,
por los cuales desfilan un buen número de saberes entrecruzados. La razón es simple, el estudio
de estos compuestos se puede abordar desde perspectivas muy diversas. La química nos habla
de su estructura y la biología de su función en los organismos que los originan, la medicina se
encarga del efecto que muchos de ellos provocan en el ser humano y la antropología de su
empleo por parte de las sociedades tradicionales, la historia relata su importancia en el devenir
de nuestra civilización y la economía el papel que han desempeñado en el comercio
internacional, y todos estos aspectos reunidos conforman un sugerente crisol que puede servir
como herramienta para la enseñanza de la química, al contextualizar la relevancia de distintos
compuestos paradigmáticos que ayudarán a despertar el interés del alumnado.

References
[1] D. Sucunza, Drogas, Fármacos y Venenos, Editorial Almuzara, 2022.
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The discovery of Rare Earth elements (REEs) began in Sweden late 18th century from two
minerals, gadolinite in the Ytterby Mine and cerite in the Bastnäs Mine. It was a great adventure
for the experimental chemistry. In the words of George de Hevesy, Nobel Prize for Chemistry
(1943): “To have discovered and isolated nearly all of the rare earths without further theoretical
guidance, in spite of their great similarity and the great rarity of some of these, is one of the most
brilliant accomplishments that experimental chemistry has ever produced”[1].
Rare Earths elements are seventeen: Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho,
Er, Tm, Yb and Lu. Similarities between different lanthanoids, because of their f electronic orbitals,
their trivalence and ionic radius, make them behave in a chemically similar way. So, they appear
in the same minerals, albeit in different proportions, which conditions their separation and, thus,
did condition their discovery. Nowadays, “Rare Earths” appears in the key words of 91,904
documents examined in the Scopus[2] library. Very few publications appeared until after the
Second World War. By then, new methods for REEs separating had been found and purification
methods were gradually improving, which enabled the researchers to study new properties, such
as the laser effect and applications to magnetism and optics. In 1962, publications exceeded one
hundred, which marked the beginning of the golden age. In Spain publications began in 1979 with
an upward trend, similar to the international trend, marked by an exponential increase in scientific
publications. China plays a predominant role publishing papers, 34% of total, far ahead of the
remaining countries. Spain’s contribution is low. The subject matter of REEs research can be
grouped into seven different kinds. Materials Science has received the greatest scientific attention
in the world, followed by Chemistry. The percentages are similar for Spain as they are for the
world in general.
Today's REEs are strategically important to the military, critical to industry and key to the
management for green technologies and the energy transition to the extent. It could quite rightly
say that thanks to their applications we have now reached the Rare Earth Age[3]. REEs utilization
has been transforming our society since the 1960s through the successive inventions of
microprocessors (1971), magnets (1966-1983), Internet (1981) and mobile (1991) and smart
phones (2005). REEs are in our everyday lives, computers, screens, optical fiber, ovens and
cameras, vehicles, drones, refrigerators and freezers, rackets, bicycles, lights… and gives us
quality of life in hospitals. They have driven us into a high-tech society[4]; therefore, it is surprising
that news about REEs is only on the front page of Japanese newspapers, for example, while it
goes unnoticed in the European press, despite the fact that Europe is a large REEs consumer.
Thus, it is important in Spain to draw attention in the high school to REEs through the history of
its discovery, chemical properties, everyday applications and newspaper geostrategic news.
References
[1] G. Hevesey. The discovery and properties of Hafnium, Chemical Reviews, 1925, 2, 1-41.
[2] https://www.scopus.com/search/form.uri?display=basic&zone=header&origin=#basic
Consultation date 21/01/2022.
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La capacidad del profesor de secundaria para presentar el currículo de ciencias, enseñar
e introducir la ciencia en el aula, relacionarla con lo cotidiano, transmitir la importancia de la
profesión científica y la consideración de la ciencia como algo útil, puede contribuir a la actitud
positiva hacia las ciencias por parte de los alumnos [1]. En este sentido, se presenta una
propuesta didáctica innovadora, con un enfoque Ciencia, Tecnología y Sociedad (CTS), para
curricularizar la participación en futuras ediciones del Concurso de Fanzines “¿Cómo sería el
mundo sin el trabajo de los científicos?" [2]. Este concurso fue convocado por primera vez en
2020 por el Decanato de Química de la Universidad de Alcalá, con el apoyo de varios Grupos
Especializados de la Real Sociedad Española de Química, entre ellos el Grupo Especializado en
Didáctica e Historia de la Física y la Química (GEDH).
En esta propuesta se tratarán, de forma contextualizada, algunos contenidos del Bloque 1
del currículo que establece la Ley Orgánica para la Mejora de la Calidad Educativa (LOMCE)
para la asignatura “Física y Química” de 3er curso de Educación Secundaria Obligatoria (ESO),
que trata sobre la actividad científica. La metodología utilizada será el Aprendizaje Basado en
Proyectos (ABP).
A través de la realización de una actividad tan creativa como es la elaboración de un
fanzine, los estudiantes, además de adquirir conocimiento sobre los contenidos de la asignatura
de Física y Química de 3º de la ESO, tomarán conciencia de las aportaciones que los científicos
hacen a la sociedad; conocerán a las personas que hay detrás de los avances científicos; y
comprenderán la relación entre la ciencia y otras disciplinas. Se espera, asimismo, que la
simbiosis entre la reflexión sobre la contribución de la ciencia a la sociedad y las actividades
creativas permita mejorar la actitud del alumnado hacia las disciplinas científicas y fomente su
cultura científica.
Por otra parte, los estudiantes trabajarán competencias transversales como son la
búsqueda y selección de información para el desarrollo del proyecto, así como la organización y
trabajo en equipo. Asimismo, tratarán contenidos CTS como son: la historia de la ciencia; la
humanización del proceso científico; las cuestiones de género en la ciencia; la influencia del
contexto social en la evolución y desarrollo de la ciencia y la tecnología; la participación
ciudadana en el desarrollo de estas; y, en definitiva, la contribución positiva de la ciencia y la
tecnología sobre el bienestar social.
Finalmente, cabe destacar que, con la participación en este concurso de fanzines se
trabajan, también, contenidos transversales de Educación Plástica Visual y Audiovisual, por lo
que puede llevarse a cabo en colaboración entre el Departamento de Física y Química y el de
Dibujo.
Referencias
[1] Marbà-Tallada, A. y Márquez, C. (2010) ¿Qué opinan los estudiantes de las clases de
ciencias? Un estudio transversal de sexto de primaria a cuarto de ESO. Enseñanza de las
Ciencias, 28(1), 19-30.
[2] Martín-Serrano, A. (2021). Propuesta didáctica basada en un enfoque Ciencia, Tecnología y
Sociedad (CTS) para la asignatura “Física y Química” de 3er curso de Educación Secundaria
Obligatoria. Trabajo Fin de Máster. Universidad de Alcalá. Máster Universitario en Formación del
Profesorado (Especialidad: Física y Química).
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Many authors have emphasized the need for the teacher´s collaboration in the student´s training,
in different educational stages, to help them distinguish pseudoscientific messages (more widely
spread by the use of ICTs) from those of a scientific nature and a variety of initiatives have been
proposed.[1,2] In this paper, an overview of the characteristics that allow distinguishing between
both types of messages is given, and two didactic proposals applied in some subjects (First-year
Chemistry in Engineering Degrees, Resources for Didactics of Science in the Master's Degree in
Teacher Training, and Science Communication in Engineering Masters) are presented. The term
“pseudoscience” is a neologism from the Greek root ψεῦδο (“false”) and the Latin word scientĭa
(‘knowledgement’). In science, knowledge is acquired through observation of the reality and the
experimentation, using the scientific method, while pseudosciences are based on beliefs,
assertions, and half-truths, which are presented as scientific without being so.[3] We have
introduced students to the case of a certain salt contained in a glass ampoule that, according to
the supplier, “changes” the bond angle of molecules of the water where the ampoule submerged.
Thus, it is explained that certain physicochemical properties of water are modified, which causes
“healing effects” because “it eliminates or prevents the formation of crystalline bodies in the
organism”. Another example is the case of “special” containers made, according to the supplier,
with a glass “programmed using a special technology” that “causes the change of the vibrational
water structure in them.” In both cases, students are provided with websites in which they will find
the information to analyze in teams, and then write a short report and discuss it in class.
Surprisingly, a good number of students think that they are remarkable and correct scientific
indications, containing health benefits. Others consider, on the contrary, that seemingly scientific
language is used, but it is not well-founded. The teacher helps in the discussion by convincing
students of the fact that although it uses scientific jargon, it deals with impossible (“can the bond
angle of the water molecule be modified?”') or simply obvious features (“any common glass
contains silica”). Also, he/she helps them analyze some common characteristics in both cases:
seemingly scientific language is used, but inaccurately and imprecisely; the information appears
to be based on relevant bibliographic references; simple and cheap remedies are offered to
improve health (a fundamental desire in human beings); online shopping is made easy; they make
reference to atomic-molecular level effects and, therefore, it is not easily refutable by non-experts;
and its use seems to be innocuous (which justifies, in some manner, that they are not banned by
the authorities). In a final discussion, when the teacher explains that these types of remedies, if
real, would mean extraordinary benefits alongside immense cost savings for the healthcare
system, some students defend conspiratory theories, such as “economic benefits of powerful
lobbies”. New lines of thought for further discussion are opened that imply questions about the
flow of information in today´s society, and didactic perspectives such as Science-TechnologySociety: Is there a clear distinction between science and pseudoscience? Could it be that scientific
education is introduced to students with characteristics of pseudoscience in some occasions?
Acknowledgements: We are grateful for the support provided by the Technical University of
Madrid (UPM) under the project “Implementing Research-Based Learning” (IE22.0506) and by
“La Caixa” Foundation under the “Science and Technology within Everyone’s Reach” project.
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Science dissemination, and therefore chemistry, is an instrument of both personal and
professional training through which students acquire a set of values and skills that enable their
full development in society. This task must be implemented from the very youngest and that is
why teachers must train these students to get a critical spirit and meaningful learning. In higher
academic courses, the role of the teacher must also be complemented with the orientation of
university students in order to improve their insertion in the labour market and provide advice and
resources to improve decision-making. In general, students have the view that chemistry is limited
to a purely academic environment. However, on a day-to-day basis, they witness a wide variety
of phenomena that can be used to address the academic syllabus. On account of that, it is
possible to bring chemistry closer, establishing a link between theoretical and experimental topics
in a playful way and conveying the usefulness of this science in everyday life. In a similar fashion,
the opportunities offered by chemistry are multiple, so society should be made aware of the
importance of paying attention to everything that surrounds us. The aim is to create a connection
between the science of everyday life and the science of the school, which is one of the most
utopian goals: to make the whole society scientifically literate, particularly, science students at
any educational level. From the research group of Separation Techniques and Applied Analysis
(TESEA) of the University of Valladolid, an outreach proposal has been made within the
framework of the Science Week of Castilla y León 2021. This proposal of scientific outreach
activities is a first approach to the transfer of knowledge among young people and consists of two
axes: firstly, a laboratory workshop aimed at high school and basic vocational training students
has been carried out; and secondly, an orientation talk has been given to students in the last
years of the degree in Chemistry. The objectives pursued were: i) Motivating the scientific
vocation of young people; ii) Showing the usefulness and importance of chemistry in problemsolving; iii) Awaking curiosity for chemistry and increasing the passion for this discipline among
young people; iv) Providing students with a holistic view of the opportunities offered by chemistry;
v) Supplying students with tools and possibilities for their future employment. A Kahoot! test and
a satisfaction survey were used as evaluation tools. The results show the positive impact of this
initiative. The average score of the students in the Kahoot! test was 7/10 and the majority of those
surveyed valued the knowledge acquired as useful and enriching. In tandem with that, the
effectiveness of the proposed experiences has been verified as a result of the motivation shown
by the students to continue implementing these activities either in public schools or in our
laboratory. Based on the results obtained in the intervention, there is a need to continue carrying
out scientific dissemination activities in the area of chemistry with any type of target group. This
intervention is just the starting point for future science outreach projects that will allow us to gather
more information and thus bring chemistry closer to society.
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TEACHING THE ACADEMIC LANGUAGE OF CHEMISTRY: SOURCES OF
STUDENT MISUNDERSTANDINGS AND LEARNING DIFFICULTIES
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The importance of the language of science in its construction, communication and learning has
been highlighted by several authors.[1] Particularly, the consolidation of chemistry as science took
place with the establishment of its own language. Moreover, chemistry students are expected to
talk (and thus to think) chemistry, but when they try to both use and understand chemistry
terminology they must face several learning obstacles.[2] Many of the confusions students
experience are caused to the technical terminology used in chemistry classes. Chemistry terms
such as work, heat, force or energy are examples of abstract and complex concepts that are
problematic for students to properly comprehend and use, which may help to explain why some
associated misconceptions are so rooted and thus very difficult to overcome. Consequently, this
linguistic issue should be deeply analyzed, which may show significant sources of student
learning barriers related to these disciplinary terms. The main feature that makes difficult the
language of chemistry to students is its polysemy. Not only are there both everyday and scientific
meanings corresponding to the same term, but also many scientific words have undergone an
historical evolution in their meaning. Mathematical terms and dual concepts are additional
linguistic barriers that chemistry students must overcome. Still, the terminological problems
students encounter when learning chemistry are not restricted to the specific technical terms of
this subject. Non-technical words used in chemistry school classrooms are abstract and
polysemic, too. Therefore, most of these non-disciplinary terms are also cognitively demanding
for students. There are many non-technical words commonly used in science that student
confuse. This is an important research finding, as chemistry teachers are not normally conscious
enough of the difficulty, nature and functional value of the non-technical words in the instructional
language.
Hence, all these terminological difficulties chemistry students must cope with can be
classified into two main groups:[3,4] technical (i.e. chemistry-specific) terms and non-technical (i.e.
general academic) words. The first category corresponds to chemical concepts. Among the main
issues concerning the meaning of technical terms are the following: a) new coined specific terms
of chemistry; b) historical evolution of metaphors and different science context meanings; c) daily
& scientific meanings; d) nominalization; e) mathematical terms; e) dual concepts. The second
category is not restricted to chemistry as it is common to other scientific related areas. Four cases
of non-technical terms can be categorized: a) general non-technical words in science school
settings; b) meta-representational verbs; c) linking items; d) teleological or intentional terminology.
Several terms are provided in order to exemplify each of the above categories. Also, a
brief discussion is performed on how we chemistry teachers should act as language teachers
when introducing non-technical terms to students with the aim they may gain confidence on the
contextual settings they should accurately use and understand those terms. This support is
particularly appropriate when the language used by the teacher to communicate with his/her
Spanish chemistry students is English.[5]
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One of the main objectives of the training in Analytical Chemistry at grade level is that the
student learns to recognize Analytical Chemistry as the metrological science that develops,
optimizes and applies measurement processes aimed at obtaining quality chemical information.
In this context, the students’ ability to manage the appropriate statistical treatment of experimental
analytical data constitutes a fundamental pillar of their analytical formation. In this communication,
we propose a didactic resource for the training of the student in the calculation and interpretation
of uncertainty as a criterion for validating low-cost analytical methods, in this case aimed at
obtaining decentralized information about air pollution.
Specifically, in this work we have developed a validation tool to evaluate the analytical
performance of low-cost air quality sensors against a reference instrument using the algorithms
necessary to apply the European guidelines for field validation of such instruments [1]. The
equivalence demonstration is based on the calculation of the uncertainty due to the variability of
measurements between one or two equal sensors (non-reference methods) measuring in parallel
and the uncertainty due to the lack of comparability between the sensor and the reference
analyzer measurements. It is assumed that the relationship between the measurements obtained
by the sensor and the reference analyzer can be described by a linear relation using the
orthogonal regression technique [2].
The proposed tool has been implemented by an Excel macro, which uses Visual Basic as
its programming language. It has a graphical user interface that is displayed when the macro is
started, hiding intermediate functions and calculations from the user, which eases its use for
undergraduate students. Nevertheless, the background calculations can be easily unveiled to the
students for didactic purposes.
The macro allows the selection and feeding of the analytical data to be validated (gaseous
pollutants as O3, CO, NO2, particulate matter PM10 and PM2.5, and meteorological data) as .xls
files. The validation results provide are the slope and the intercept with their respective confidence
intervals (95%), a graph with the orthogonal regression and theoretical response, and the field
combined standard relative expanded (k=2) uncertainty (at the limit value), which is compared
with the data quality uncertainty objectives of Directive 2008/50/CE.
Given the very low cost of some commercially available air quality analyzers, and the wide
availability of reference data from standard air quality monitoring units (belonging to official air
quality surveillance networks), we consider that the proposed tool can be easily implemented as
a very useful didactic resource in practical activities for undergraduate Instrumental Analytical
Chemistry subjects.
Acknowledgements
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Just-in-Time Teaching (JiTT) methodology[1-3] was implemented in an Undergraduate
General Chemistry course at the University of Jaén, within a two-year Innovation Research
Project (PID16_201819).
JiTT is a pedagogical methodology developed at Indiana University-Purdue University
Indianapolis (UIPUI), U.S. Air Force Academy, and Davidson College, in the USA, at the end of
the 1990s. JiTT builds cognitive and metacognitive skills for students, and it can be combined
with other innovative teaching methodologies included within the ‘in-class active learning’
teaching methods.
JiTT method consists of a previous set of questions at the beginning of the lecture, known
as ‘warm-up questions’. These questions are designed to detect misconceptions and lacks in the
previous knowledge of the students on the topics to be developed in the different chapters of the
course. With this information, teachers can focus the lecture on effectively resolving those
problems. At the end of one or more chapters, depending on the topics studied, news activities,
known as ‘puzzle activities’, are proposed to the students.
JiTT was implemented in the subjects General Chemistry in the Environmental Sciences
Grade and Chemical Fundations in Engineering in the Engineering Grade, both in the first course.
The authors were able to detect different lacks in understandings students had from High School.
As an example, most of the students declared they studied Organic Nomenclature, but only a part
of them knew what a structural formula was. Another example is the well-known unit mol, known
for all the students, but the unfamiliarity with the concept of the quantity of matter. Many other
issues of this kind were found during the lectures.
Along with JiTT activities, supplementary compulsory activities were proposed to the
students during the development of the chapters. The main idea of those activities is to work on
different topics treated in the chapters and reinforce their assimilation.
Students that actively followed the JiTT method demonstrated that they were able to be
aware of their lacks and misconceptions, and were able to overcome them. For this reason, JiTT
methodology is adopted in the lectures on these two topics.
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Chemistry in society
The perception of chemistry can be (and indeed is) strongly influenced by the media, which,
however, do not always succeed in conveying what chemistry really is. Mainly advertisements
(cosmetics, detergents, pharmaceuticals...), but also cooking talent shows or even variety/talk
ones bring chemistry into our homes every day. However, due to their low level of scientific
knowledge, many people watch all this with amazement but without interest, remaining ignorant
of the chemistry behind it. This is because chemistry is often seen as something difficult to
understand and therefore distant. Even so, for some time now, we have noticed that more and
more people (especially the elderly) are demanding to know more about science.
With the aim of responding to the demand for general knowledge claimed by older people,
the University of La Coruña (Spain) launched, twenty years ago, a University Programme for
Older Adults called "Senior University" aimed at retired and unemployed people over 50 years of
age. The Senior University degree, which does not grant a professional qualification but only tries
to satisfy the demand for knowledge, consists of four courses with 3 subjects per year belonging
to Humanities and Social Sciences, Science and Technology and Health Sciences, all of them
merged in a transversal way (https://www.udc.es/en/senior/). As complementary activities,
different workshops are also offered. Chemistry was absolutely absent from the entire curriculum,
and so, also trying to bring chemistry closer to society, five years ago we implemented a workshop
on this scientific discipline ("Matter and Life: The Secrets of Chemistry"), which has been a great
success; it is currently the most demanded workshop. The success of our chemistry workshop
comes from the way we have approached it. We have taken into account that most of the
participants have had nothing to do with chemistry in their professional lives, so that, based on
demonstrations, the basic concepts of chemistry arise naturally when ‘the chemistry that
surrounds us’ is presented. Videos, informal explanations and role-plays help our Senior students
to comprehend "what the matter hides", trying to give them a positive understanding of the
chemistry of everyday life.
A key striking feature of this activity is that we can take advantage of it to promote
knowledge of chemistry indirectly through the family environment. This is possible because
nowadays the elderly are a very dynamic group, they have time and are close to their
grandchildren, which makes them an excellent vehicle for the transmission of knowledge learned
(intergenerational bridge).

Real comments from workshop attendees.
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Automating the search for new chemical reactions is one of the ‘grand challenges’ in
computational chemistry. While characterizing reaction energy pathways has been routine for
practitioners, efficiently exploring complex reaction mechanisms remains time consuming and a
highly non-systematic endeavour. Even for an experienced computational chemist, reaction
prediction is resource-intensive. For computational chemistry to become more practical and
impactful, new developments are necessary to reduce technical barriers and increase efficiency
and accuracy when modelling reactions in complex environments.
In this talk, I will present our team’s efforts to tackle these challenges by introducing automation
and machine-learned potentials to study reactions mechanisms in the condensed-phase. I will
describe our recently developed tool, autodE, which automates the characterization of reaction
pathways with minimal user input and expertise. Previous developments in the field have focused
on the free exploration of unknown pathways, which require no a priori knowledge but are
computationally costly and therefore limited to small systems.[1] Our approach is applicable to both
organic and organometallic reaction classes, accounts for conformational sampling, is compatible
with several electronic structure theory packages, and is freely available. I will illustrate the
functionality and general applicability of autodE in a range of reaction classes, including complex
organic and metal-catalysed reactions.
Concerning increasingly complex systems in solution, e.g., including explicit solvation of flexible
systems, I will present an efficient strategy that by leveraging hierarchical and active learning,
enables the generation of Gaussian Approximation Potential (GAP) models requiring only
hundreds to a few thousand energy and gradient evaluations on a reference potential energy
surface.[2] Our work demonstrates that reactive ML potentials can achieve ab initio accuracy at a
much lower cost than related strategies. A diverse range of examples will be presented, for which
expensive AIMD simulations would otherwise be needed.
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Whether the air-water interface weakens or strengthens the acidity of simple organic and
inorganic acids compared to the bulk has a critical importance in a broad range of environmental
and biochemical processes[1]. However, consensus has not yet been achieved on this key
question. We will show how machine learning-based reactive molecular dynamics simulations[2]
can be used to study the dissociation of the paradigm nitric and formic acids at the air-water
interface. The acceleration provided by neural networks over simulations based on explicit
electronic structure calculations gives access to converged reaction free energy profiles which
reveal that the local pKa profile across the interface is determined by changes in acid and
conjugate base solvation and that acidity drops abruptly over a transition region of a few molecular
layers. At the interface, both acids are weaker than in the bulk due to desolvation. In contrast,
below the interface acidities reach a plateau and are all the stronger compared to the bulk as the
aqueous phase surface/volume ratio is large, due to the growing impact of the released proton
stabilization at the water surface. These results imply that the measured degree of dissociation
sensitively depends on the experimental probing length and system size, and suggest a molecular
explanation to the contrasting experimental results. The aerosol size dependence of acidity also
has important consequences for atmospheric chemistry. Further applications of machine learningbased reactive molecular dynamics simulations including nuclear quantum effects to study the
proton transport mechanism in water will be presented if time allows.
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What happens to a molecule once it has absorbed UV or visible light? How does the
molecule release or convert the extra energy it just received? Answering these questions clearly
goes beyond a pure theoretical curiosity, as photochemical and photophysical processes are
central to numerous domains like energy conversion and storage, radiation damages in DNA, or
atmospheric chemistry. A plethora of theoretical tools have been developed over the past
decades to address these questions by simulating the excited-state dynamics of molecules.
These methods are often tested and theoretically validated on reduced-dimensionality models or
rather simple molecules.
In this talk, I will show a series of examples where studying the photophysics and
photochemistry of real-life molecules helped spotlight the limitations of current theoretical
methodologies and stimulate the development of new strategies for excited-state dynamics. In
particular, I will focus on the sunlight-induced reactivity of volatile organic compounds in the
troposphere, as well as athermal ground-state processes following passage through a conical
intersection.
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Hydrogen bonds are omnipresent in biological and supramolecular chemistry.
Nevertheless, they are still mostly represented in an oversimplified manner (positively charged
hydrogen attracts close-by negatively charged heteroatom) which is easy to use but often fails to
explain or even qualitatively reproduce experimental findings.
In my lecture, I present a state-of-the art physical model, based on quantitative molecular
orbital theory, which enables a quantum-mechanically sound, yet intuitive approach to the
interesting complexity of the hydrogen bond. The latter can be dissected into understandable
contributions such as covalent bonding and Pauli repulsion between occupied orbitals.
Complex and seemingly exotic phenomena are unraveled and explained in a unified
manner:
- cooperativity in hydrogen bonds that stabilize quadruplex structures of DNA and linear chains
of urea, deltamides and squaramides,[1-4]
- variations in bond lengths and energies that are not due to differences atomic charges but due
to steric repulsion,[5-6]
- the legitimacy of the secondary electrostatic interaction model [7,8]
- and the hydrogen bond donor capability of carboxamides for organo-catalysis and supramolecular chemistry.[9]
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Recently, the McNally laboratory developed a metal-free strategy to promote the biaryl
coupling of heteroaromatic groups via the intermediacy of a pentacoordinated phosphorous (P(V))
species. In subsequent studies, this type of phosphorus-based reactivity, known as ligandcoupling, has been used to perform challenging transformations such as the trifluoromethylation
and halogenation of heteroaromatics (e.g. pyridine). All these strategies were proven to be
compatible with late-stage functionalization of complex molecules, opening new ways to construct
therapeutic candidates.
In this work, we describe computational mechanistic studies on Py-Py[1] and CF3-Py[2]
ligand couplings at P(V) intermediates, as well as we analyze the fundamental differences with
an analogous Hal-Py SNAr[3] triggered by phosphonium salts (Scheme 1). We report the results
of computational studies combined with experiment, providing a quantitative analysis of the
competing reaction pathways and a stereoelectronic model for the excellent levels of selectivity
observed in all the reactions. The quantum mechanical calculations were carried out with DFT
(ωB97X-D) and coupled cluster theory (DLPNO-CCSD(T)) as well as the SMD solvation model.
Additionally, the role of ligand apicophilicity and orbital symmetry upon controlling reactivity,
selectivity and type of chemical transformation will be discussed.

Scheme 1. Summary of the phosphorus-based reactivity presented in this work.
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Speciation of chemical compounds is one of the hardest challenges in homogeneous
catalysis.[1] Determining the nature of the catalyst structure, as well as the oxidation state,
nuclearity and other factors, is key for reactivity, efficiency and selectivity. This challenge is not
simple and usually required complex experimentation (in situ NMR, x-ray characterization, etc.)
and complementary computational studies. In this context, Pd(I) dimer catalysis has emerged as
an alternative and easy to handle catalyst to classical Pd(0)/Pd(II) catalysts for cross-coupling
reactions.[2] However, identifying which ligands favors Pd(I) dimer vs Pd(0) species is far from
being an easy task, as the driving force, determined by DFT calculations, strongly favors the dimer
form in all the cases, but experimentally, only a very specific phosphine ligands yield it. Then, we
hypothesized that many factors should be involved and due to the limited access to experimental
dimers (only five were reported in the literature) and the possibility of computing a large library of
ligands, we identify unsupervised machine learning as a powerful tool to achieve this goal.
Herein, we report a new workflow for Pd(I)-dimer ligand discovery based on unsupervised
machine learning (k-means), that consists of two consecutive analyses: the first one is based on
a large phosphine database (LKB-P) that was used to map the general trend of ligands in Pd(I)
dimer formation. The second one was a refinement of the group of interest via specific descriptor
calculations and a second k-means analysis. By these means, 21 ligands were predicted and the
whole process was verified by the synthesis of new 8 representative new Pd(I) dimers, including
one ligand that was never synthesized before.[3]

Figure 1. Unsupervised machine learning workflow for Pd(I) dimer discovery.
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When tackling cancer, one of the major problems that affect the effectivity of the currently
used therapies is the development of drug resistance.[1] In this line, the use of PROTACs is a
promising approach as they highjack the protein degradation system of the cell, favoring the
ubiquitination (Ub) tagging of the target protein (a.k.a. Protein of Interest, POI). This leads to the
degradation and depletion of the POI from the cell. PROTACs are heterobifunctional molecules
that present different warheads, which bind simultaneously the POI and the E3-ligase, favouring
the Ub-tagging. These two warheads are linked by different types of linkers which differ depending
on the targeted E3-ligase.[2] The PROTAC approach has proven to be very effective and several
of these PROTACs have already reached clinical trials.[3]
As Protein kinase 2 (CK2) has very important roles in the development and progression of
tumors,[4] our research group is developing CK2-targetting PROTACs as potential cancer
therapies. The main difficulty of these molecules is that they fall within the “beyond Rule of 5”
(bRo5) category. They present pharmacokinetic challenges, especially for membrane crossing.[5]
In this line, for the design of PROTACs, not only the drug-receptor interactions have to be
optimized, but also the behavior both in aqueous and non-aqueous solvents must be studied.
From a computational point of view, the different adopted conformations must be analyzed to
extrapolate the possible adequacy of the PROTACs to reach the POI inside the cell. Interestingly,
the nature and chemical structure of the linker that binds both warheads have proven to be of
great importance.[6]
Here we present the computational studies carried out on a series of PROTACs
synthesized in our research group with the aim to analyze their dynamic behavior and possible
adequacy as favorable drug candidates.
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Artificial Metalloenzymes (ArMs) are biocatalysts obtained by embedding a catalytic
organometallic compound into a biomolecular scaffold. These hybrids can bring new-to-nature
reactions with unique substrate selectivity and catalytic specificity.[1] To date, only few Au-based
ArM have been reported despite their great catalytic relevance. [2,3]

In this work, we present how molecular modelling has been applied alongside
experiments performed at Prof. Ward’s laboratory, to successfully design a novel Au-based ArM.
Based on biotin-streptavidin technology, different profiles of hydroamination of alkynes were
obtained. The modeling performed is a multilevel strategy that integrates quantum mechanics,
protein-ligand dockings and molecular dynamics. This protocol allowed to decode key aspects of
the catalytic and recognition processes of the substrate and the cofactor. At the end, it helped in
designing mutants that favor dual gold hydroamination mechanisms hence leading to antiMarkovnikov products.
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Phase-separated biomolecular condensates that contain multiple coexisting phases of different
compositions and/or material properties are widespread systems both in vitro and in cells[1,2].
Multiphase condensates emerge readily within multicomponent mixtures of proteins and/or
nucleic acids when the different components present sufficient physicochemical diversity (e.g., in
binding affinities and chemical makeups) to sustain separate coexisting phases[3,4]. Importantly,
because such physicochemical diversity is highly coupled to the solution conditions (e.g.,
temperature, pH, salt, composition), it can manifest itself immediately from the nucleation and
growth stages of condensate formation or develop progressively as the equilibrium condensates
age[5]. Here, we investigate the thermodynamic factors that can progressively drive singlecomponent condensates into multiphase architectures as they age[6]. We develop a computational
multiscale model that integrates atomistic simulations of proteins, sequence-dependent coarsegrained simulations of condensates, and a minimal model of dynamically ageing condensates.
Our work[7] predicts that single-component condensates that are initially homogeneous and liquidlike can transform into gel-core/liquid-shell or liquid-core/gel-shell multiphase condensates as
they age, due to gradual and limited enhancement of inter-protein interactions. The type of
multiphase architecture depends on the surface tension of the liquid and gel coexisting phases[8],
which itself is determined by the ageing mechanism, the molecular organization of the gel and
liquid phases, and the chemical make-up of the protein[9]. Notably, we predict that inter-protein
disorder-to-order transitions into cross--sheet motifs within the prion-like domains of intracellular
proteins can lead to the enhancement of inter-protein interactions. Our study, therefore, uncovers
thermodynamic and kinetic factors that can sustain the formation of single-component multiphase
condensates.
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Rational protein design offers the possibility of fine-tuning protein properties by targeting
hotspots identified through the analysis of their three-dimensional structure. A central aspect of
rational design is the alternation between theory − in predicting how mutations affect the target
property − and experiment to validate theoretical predictions.[1] This alternation is fundamental for
developing reliable computational descriptors with a counterpart in a measurable experimental
quantity.
In this contribution, we focus on a crucial aspect of enzyme design and engineering, namely
protein thermostability, and describe how the free energy descriptor of the Rosetta protein
structure prediction suite[2] correlates with experimental thermostability changes (Tm and ΔΔG)
upon mutation in different protein families, such as lipases, acyltransferases and iron-transporting
proteins. In particular, we focus on the importance of the starting geometry in determining the
predicted thermostability trends, highlighting how the recently developed, neural-network based
AlphaFold[3] algorithm provides in some cases better correlation with the experimental
thermostability trend than X-ray structures.
In light of the presented results, we discuss the strengths and weaknesses of AlphaFold in
predicting subtle geometric changes introduced by mutation − and their effect on thermostability
− over classic approaches. We also discuss how the computational treatment of the conformation
of flexible regions, e.g. loops that are relevant to enzymatic activity, is a source of potential error
that must be carefully considered and minimized in order to provide accurate thermostability
predictions.
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The efficient internal conversion process upon UV irradiation in canonical nucleobases has been
determined as the main responsible for the photostability of DNA, preventing hazard secondary
photoreactions which can give place to genetic mutations[1]. Stablishing the electronic and
structural keys which control the interesting photophysics and photochemistry of these systems
has constituted an important researching line for years. In this way, the study of the deactivation
mechanism in modified nucleobases has allowed to reveal the role that different chemical groups
play in the exceed energy dissipation[1]. Among the ensemble of non-natural nucleobases, 4pyrimidinone and its equivalent purine, hypoxanthine, have been proposed as nucleobases’
ancestors[2]. Those systems classified as photostable system present short excited state lifetimes,
comparable to the fastest DNA bases[3,4].
In this communication, we investigate the photophysics of the modified nucleobase, 4pyrimidinone, by means of a complete study which combines static and dynamics simulations at
one of the most sophisticated multiconfigurational method, XMS-CASPT2[5]. Experimental
observations and our non-adiabatic molecular dynamics results provide strong evidences for the
photodegradation of this system.5 These unexpected results shedding light on the effect of
functionalization of pyrimidine core and establish one of the first examples of photolabile
nucleobase derivate.
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Real Space techniques, such as the Quantum Theory of Atoms in Molecules (QTAIM)[1],
offer a particularly rigorous way to analyze chemical systems, relying solely on the topology
induced by the electron density field (ρ(r)). Despite their blatant success, the computational cost
of these, and equivalent, Quantum Chemical tools has classically hindered its range of
applicability, preventing its use in complex scenarios. In this context, Artificial Intelligence (AI) has
gained much importance within the scientific community, owing to its ability to offer accurate
approximate solutions to complex regression or classification problems at a fraction of the
standard computational cost. Following this trend, we have recently developed a Neural Network
(NN) model for the fast and accurate prediction of QTAIM atomic charges of C, H, O and N atoms
(NNAIMQ)[2]. In this work, we try to further improve the performance of the original NNAIMQ
model by increasing its chemical diversity, training database and prediction abilities integrated in
the so-called NNAIMQ.2P project. The sampling of the chemical universe was extended to
account for F, Cl, S and P atoms, embedded within more than 190.000 equilibrium and nearequilibrium single molecules and non-covalently bonded complexes gathered from the QM9[3] and
NCIAtlas[4] databases, among others. Moreover, and beyond atomic electron populations,
NNAIMQ.2P is able to compute the number of electrons shared between any two C, H, O, N, F,
S, P, Cl basins, as measured by the Delocalization Index (DI). Finally we show how, by making
use of the first-order approximation proposed a few year ago by some of us[5], the NNAIMQ.2P
model is able to estimate the interaction component to the total energy within the Interacting
Quantum Atoms (IQA) energetic partitioning scheme. Altogether, we hope that this work paves
the way towards the significant speedup of standard QTAIM and IQA calculations.
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The bimolecular nucleophilic substitution (SN2) is a ubiquitous organic reaction which is
frequently employed in many chemical processes. Despite its broad application, an in-depth study
about the role of the nucleophile and the substrate is still desirable.
The present work is an extension of the hidden descriptor approach, which was previously
applied to thermodynamic properties.[1] Herein, we performed a statistical analysis of over 600
DFT-computed barriers for SN2 reactions at methyl derivatives (SN2@C).[2] We performed a
singular value decomposition (SVD) of a matrix of computed energy barriers and from this
mathematical treatment, we derived the hidden descriptors. This analysis led to the identification
of the hidden descriptors that best described the entering and leaving abilities of twenty-six
different nucleophiles.
The analysis of the results shows that this reaction is appropriately described by a single
descriptor. This hidden descriptor has two numerical values for each nucleophile, one for its
nucleophilic ability and one for its leaving ability. Unexpectedly, this new hidden descriptor is
scarcely correlated with magnitudes related with frontier molecular orbitals or solvation
descriptors. Instead, it correlates with other thermodynamic and geometric parameters. Overall,
this contribution sheds light on the fundamental aspects of this chemical process.
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Aluminyl anions, i.e. low-valent Al(I) centers featuring a lone pair, have been proven to
exhibit a rich reactivity.[1] For instance, these species are able to activate the relative inert CC
bond of benzene (Figure 1 right)[2] or lead to meta-selective additions to alkylarenes (Figure 1
left).[3] However, very little is known about the physical factors controlling these processes, which
hampers the rational design of new and more effective chemical transformations based on
low-valent anionic aluminum species.
In this work, we have applied state-of-the-art computational tools, namely the Activation
Strain Model of reactivity and the Energy Decomposition Analysis to rationalize the reactivity of
anionic Al(I) compounds towards arenes. Firstly, we compared the Al(I)-promoted oxidative
addition to the CC and CH bond in arenes.[4] Secondly, we studied the factors behind the
experimentally reported meta-selectivity in the CH activation reaction of alkylarenes promoted
by aluminyl anions.[5] Our results showed that the LP(Al)→*(CC) molecular orbital interaction
is key to rationalize the observed reactivity. This interaction can be therefore modified to tune the
reactivity of these fascinating species.

Figure 1. Meta-selective CH activation of alkylarenes (left) and CC bond activation of
benzene (right) mediated by aluminyl anion 1.
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In the oriented external electric-field-driven catalysis, the reaction rates and the selectivity
of chemical reactions can be tuned at will.[1] The activation barriers of chemical reactions within
external electric fields of several strengths and directions can be computationally modelled.
Notwithstanding, the calculation of all of the required field-dependent transition states and
reactants is computationally demanding, especially for large systems.
In this communication, we present a method based on the Taylor expansion of the fielddependent energy of the reactants and transition states in terms of their field-free dipole moments
and electrical (hyper)polarizabilities.[2] This approach, called field-dependent energy barrier
(FDBβ), allows systematic one-dimensional (1D), two-dimensional (2D) (Figure 1), and threedimensional (3D) representations of the activation energy barriers for any strength and direction
of the external electric field in a straightforward manner. The calculation of the field-dependent
FDBβ energy barriers has a computational cost several orders of magnitude lower than the explicit
electric field optimizations, and the errors of the FDBβ barriers are within the range of only 1−2
kcal·mol−1. The achieved accuracy is sufficient for FDBβ to be used as a fast-screening tool to
study and predict potential electric-field induced catalysis, regioselectivity, and stereoselectivity.
As illustrative examples, four cycloadditions (1,3-dipolar and Diels−Alder) will be presented.

Figure 1. 2D representation of the FDBβ barriers for the catalysis and selectivity of the
+ 2) dipolar reaction between phenyl diazomethane and methoxyethene.

(3
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Water is the main component of living organisms and, hence, the medium for fundamental
biochemical processes. Ionizable molecules may display completely different properties
depending on their protonation state, which is determined by the acid dissociation constants (Ka).
Hence, this parameter controls the effective concentration of the species, either reactive or not,
in solution at a certain pH and, consequently, the reaction kinetics. For instance, deprotonation
of a thiol (thiolate) makes it more nucleophilic, whereas protonation of an amine (ammonium)
precludes nucleophilicity. Of note, this parameter is often overlooked when studying pHdependent reaction kinetics and mechanisms, in part because experimental pKa values are not
always available, but also because a fast and reliable in silico method is lacking for estimating
them precisely and accurately.
Herein, we present some examples in which considering the effective concentration of both
the reactive and non-reactive species was pivotal for studying the kinetics of pH-dependent
reactions and for designing site-selective reagents for bioconjugation. Using computational
methods, we were able to design a sulfonyl acrylate reagent for the site-selective modification of
particularly acidic, highly reactive lysine residues,[1] as well as N,N-disulfonyl-2-aminoacrylates for
the site-selective modification of histidine residues. On the other hand, our methodology allowed
us to study the effect of pH on the rates of bioconjugation reactions involving vinylpyridine
derivatives[2] and tetrazine-derived reagents,[3] and on pH-regulated self-immolative 1,6elimination reactions.

Figure 1. Theoretical relative rate constant (kobs) calculated at different pH values for the parallel,
competitive reactions of phenylethynyldifluoroborate with dipyrinidyltetrazine in different
protonation states.
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The mechanism of the hitherto unknown oxidation of cyclic hydroxylamines with ruthenium
tetroxide has been studied in detail. Several plausible mechanisms are suggested including
stepwise and more or less asynchronous concerted processes.[1] Among these possibilities, an
asynchronous concerted mechanism in which transfer of both hydrogen atoms from the
hydroxylamine to the oxidant take place in an almost concomitant way results the most favorable.
[2,3]
The topological analysis of the variation of the electron localization function (ELF) along the
reaction coordinate allowed determining the concertedness of the reaction and the different
events happening. 3-Substituted-N-hydroxypyrrolidines have been also calculated to predict the
regioselectivity in the formation of the corresponding nitrone. Since there are no precedents in
the literature on this reaction, several oxidation reactions have been carried out experimentally to
assess the quality of the predictions.

Nitrone

Nitrone
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Isocyanides are commonly qualified as chameleonic compounds because of their reactions
with both nucleophiles and electrophiles. Although they are known to polymerize easily, the
dimerization of isocyanides affording head-to-head dimers, namely 1,4-diazabutatrienes RN=C=C=N–R, has been scarcely explored. Curiously, these species have been never isolated
but eventually proposed as reaction intermediates. [1]
We herein present a computational study on the homodimerization of isocyanides 1
towards 2, in particular on the influence of the substituents onto the evolution of structural and
energetics parameters along the reaction coordinate. [2,3] Of special significance is the computed
non-least motion character of this kind of reactions and, also, the homodimerization of the F−NC,
in which the two units are notoriously distinguishable in all the parameters under scrutiny.
Moreover, the 1,4-diazabutatrienes are stabilized by -donor or -acceptor substituents and, in
some cases, by the combination of one donor with one acceptor substituents at both N termini.
[4]
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Catalysis due to non-covalent interactions constitutes a highly useful tool in synthesis. In
this context, catalysis promoted by chalcogen donors as Lewis acid catalysts has attracted
considerable attention recently.[1],[2] For instance, Yeung and co-workers reported that bisselenonium cation A is a highly active organocatalyst for the Diels-Alder cycloaddition reaction
involving cyclohexadiene and methyl vinyl ketone (Figure 1).[3] Despite that, very little is known
about the mode of activation and catalysis induced by this bidentate chalcogen donor.
For this reason, we applied state-of-art computational methods to gain a quantitative
understanding of the factors controlling the catalysis in this process as well as the influence of the
tether connecting both selenium centers on the activity of the catalyst. Our combined Activation
Strain Model (ASM)-Energy Decomposition Analysis (EDA) approach[4] indicates that a less
destabilizing strain energy and, particularly, a significant reduction of the Pauli repulsion[5]
between the deformed reactants along the entire reaction coordinate are the factors responsible
for the observed acceleration of the cycloaddition mediated by the bidentate chalcogen donor
organocatalyst.

Figure 1. Diels-Alder cycloaddition reported by Yeung and co-workers (see reference [3]).
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Directed evolution allows to engineer new enzymes with unprecedented catalytic
activities[1], being the anti-Markovnikov Oxygenase (aMOx) a fascinating example. Evolved from
a self-sufficient Fe-heme P450, aMOx directly oxidases alkenes to the corresponding aldehydes,
a reaction that has largely eluded efficient catalysis[2]. No chemical or biological catalyst could be
developed so far that completely controls such catalytic cycle (Figure 1) and thus little is known
about its underlying enzymatic mechanism.
Here, we use computational modelling to shed light on the reaction mechanism for the
direct oxidation of alkenes to carbonyls and the high chemoselectivity preference over competing
epoxidation achieved by the evolved aMOx enzyme. We found that, in the absence of enzyme,
epoxidation is intrinsically preferred due intrinsic dynamic effects and high coupling between the
reaction coordinates that lead to epoxide formation. The evolved aMOx enzyme is able to
conformationally control a key radical intermediate when formed in the enzyme active site,
preventing epoxidation while favoring the formation of a carbocation intermediate and promoting
the subsequent hydride migration to yield the aldehyde product.
The high degree of conformational control imposed by the enzyme over the radical and
carbocation intermediates is supported by experimental and computational studies which show
that aMOx selectively generates the (S)-epoxide as a minor byproduct while aldehyde formation
undergoes through an enantioselective re-cis-1,2-hydride migration.

Figure 1. Proposed catalytic cycle for P450-catalysed alkene epoxidation and carbonyl
formation pathways.
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L-asparaginases (ASNases) are enzymes catalysing asparagine (Asn) hydrolysis reaction.
Bacterial ASNases are widely used in the treatment of juvenile leukemias and lymphomas [1-2] due
to their ability of depriving cancer cells of Asn. Given the immunogenic response and side effects,
many experimental attempts have been made to replace enzymes of bacterial origin with
mammalian enzymes such as human asparaginase type III (hASNase3)[3].
Despite extensive experimental work on the catalytic reaction, there are still controversies
regarding major steps of the mechanism and no theoretical study has yet been done on
hASNase3. In this work, a mechanistic proposal for hASNase3 is studied by molecular dynamics
simulations (MD), hybrid quantum mechanics/molecular mechanics (QM/MM), adaptive string
method (ASM)[4] and free energy methods. Due to the lack of a complete model of the enzyme,
both the flexible loop and the substrate were added by modelling. Being a class of N-terminus
nucleophile enzymes, alchemical free energy calculations were employed to determine the
protonation state of the N-terminal group of Thr169, showing that the deprotonated state is
compatible with the experimental conditions.
Using a DFTB3/MM description, our results indicate that the reaction starts with the
activation of the nucleophile, the hydroxyl oxygen atom of Thr169, by its own N-terminal amino
group acting as a base. The free energy barrier obtained for the formation of the acyl-enzyme
intermediate at 300 K is determined to be 17.8 kcal·mol-1. Besides the good agreement with the
experimentally-derived free energy barrier (16.9 kcal·mol-1)[5], further verification of the
mechanistic proposal was provided by comparison of the theoretically obtained tetrahedral acylenzyme conformation and the X-ray structure.
The mechanistic proposal found in this work did not only provide a theoretical basis for
understanding the necessity of the cleavage process and liberation of terminal Thr169 to activate
hASNase3, but also the lack of enzymatic activity upon mutation of Thr187 and Thr220, due to
its important role in transition states stabilization. The results presented here can be the basis for
the continuation of theoretical research on this and related enzymes, but can also be crucial for
conducting further experimental research.
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Antimicrobial peptides (AMPs) have attracted much attention due to their ability to
distinguish bacteria from healthy cells taking advantage of the different lipidic profile of the
membranes, arising thus as a new antimicrobial paradigm[2]. Among them, Cyclic Peptides (CPs)
have arisen as a promising class of potential antimicrobial peptides since their cyclic structure
provides them increased resistance to protease degradation. CPs formed by alternation of D- and
L-amino acids present planar structures that can self-assemble into nanotubes by means of
parallel or antiparallel β-sheets, the active species, especially in the presence of lipidic
membranes[3].
However, the low atomic resolution of experimental techniques prevents from a full
understanding of the mechanisms of action. In this respect, Molecular Dynamics (MD) simulations
can provide useful insights about the behaviour of these systems[4]. Nevertheless, the timescale
expected for the self-assembly cannot be addressed with classical MD simulations and
approximations are needed. In this regard, Coarse-Grain (CG) resolution has been employed.
However, this approximation leads to the loss of D/L chirality and therefore, the specific
directionality of their interaction. To tackle this issue, the general CG Force Field Martini, has
been modified to introduce directionality on the CPs aiming at a more realistic representation (Fig.
1). This new approach can reproduce experimental and structural data as well as the correct
trends for CPs with different amino acid sequences. This work could lead to a deeper
understanding of such processes and more rational designs in the future.

Figure 1. Comparison of the interactions between CPs in the Original Martini Force Field
and the modified version.
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Toll-like receptors (TLRs), classified as pattern recognition receptors, have a primordial
role in the activation of the innate immunity. TLRs are transmembrane proteins specialized in the
recognition of pathogen-associated molecular patterns, such as lipopolysaccharides (LPS) of
Gram-negative bacteria (TLR4), lipoteichoic acids of Gram-positive bacteria, and bacterial
lipoproteins (TLR1/TLR2 and TLR2/TLR6). Identification of TLRs has sparked great interest in
the therapeutic manipulation of the innate immune system. Deep structural understanding of Tolllike receptors signaling may lead to the discovery of novel small molecules with desirable
therapeutic properties.[1,2]
We have addressed the characterization of the molecular recognition processes of agonist
and antagonist modulators of TLR2, and TLR4, by computational tools, and have proposed a
mechanism for their biological activity.[1] We have modeled, by all-atom MD simulations, the
structural assembly of plausible activated full-length TLR4 models, embedded into a realistic
plasma membrane, providing an analysis at both atomic/molecular and thermodynamic levels of
the TLR4 assembly and biological activity.[2]
On the other hand, studies of pathogenic bacterial membranes can contribute to
understand infection mechanisms.[3] We have captured, by coarse-grained MD simulations, the
role of LPSs on membrane morphology and physicochemical properties. This study opens a
promising starting point to predict the activity of newly designed drugs able to modulate the
bacterial membrane properties, accounting for the antibacterial resistance problem.
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By observing the current paradigm of molecular biology one can notice the crucial role
proteins perform and, consequently, catalytic processes have become of great interest. Among
them, proteolytic enzymes such as cysteine proteases (CPs) proven to be promising drug targets
since their overexpression is related to human diseases including rheumatoid arthritis,
osteoporosis, atherosclerosis and cancer. These enzymes have been widely studied
experimentally providing great in vitro results, mainly against parasitic CPs[1] [2].
A step further towards the complete understanding of how synthesized molecules inhibit
CPs is through computational techniques. Some hidden for experimentalists aspects of CP
inhibitors such as the origin of selectivity of the inhibitor towards different CPs[3] or the positioning
of the inhibitor in the binding cavity crucial for the catalytic activity[4] have been already elucidated
by computational biochemistry tools. At this stage, our main goal is to use computational
chemistry tools for improving the quality of CP inhibitors as well as using the knowledge
accumulated at the molecular level to rationally design new molecules.
This scenario is what over the years both theoreticians and experimentalists have been
pursuing and nowadays it appears to be closer than ever before. In this communication the results
of a computational study on the covalent inhibition of human cathepsins by two different dipeptidyl
Michael acceptor inhibitors (a keto vinyl sulphone and a keto vinyl ester) are presented. In order
to reveal the crucial features determining both the affinity and the activity of these two inhibitors,
the molecular dynamics (MD) and QM/MM MD methods were employed. Comparative analysis
of recognition and kinetic steps was done. Revealed differences and similarities observed in the
inhibition process may help in designing a novel structure that surpasses originally proposed
molecules, correcting their flaws by removing or changing the parts that do not favour the
inhibition.
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Figure 1. Structure of two human CPs, cathepsin L (a) and B (b) and their active sites
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Galectins belong to a specific lectin-protein family specialised in binding β-galactose-containing
sugars. Galectin-carbohydrate interactions are crucial in several biological processes such as
immunologic response, cell recognition, migration, and proliferation, etc. In addition, some illness
can be amplified through galectins activity, for example, cancer or metastasis. In drug design and
development campaigns, the accurate calculation of absolute and relative binding free energies
is key to discriminate between potential inhibitors. Nowadays experimental and computational
methods are combined to prove further insights into such molecular recognition events. Molecular
dynamics (MD) simulations have been widely used for conformational and stability studies of
biomolecules such as small ligands, peptides, or large proteins and to characterize important
biological events. The implementation of enhanced sampling techniques such as Replica
Exchange simulations, accelerated MD simulations, metadynamics or Adaptive Biasing Force
simulations are becoming more and more frequent. umbrella sampling (US) and thermodynamic
integration (TI) algorithms significantly improve relative binding free energies calculations
although at the expense of a significant computational cost.
In this work, we have studied the binding of three different carbohydrate ligands (B-type II, Galili
and 3-Sialyl-Galβ1-3GalNAc) to three representative galectins (Gal-1, Gal-3 and Gal-8) through
US simulations to calculate the absolute binding free energies of such protein-ligand complexes.
In addition, we have performed TI simulations in order to estimate the relative binding affinities of
BtypeII and Galili against galectin-3. Our findings, after significant optimization of the modelling
protocols, are in good agreement with previous experimental results.[1] Using the selected lectincarbohydrate pairs as benchmark systems, we provide a deep analysis of the technical and
operational factors affecting the quality of the calculated binding free energies, and provide a
validated protocol and step-by-step guide for performing this type of calculations.
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Glycans (saccharides, carbohydrates, sugars) are widespread in nature. In both biological
and chemical contexts, these structurally entangled structures exhibit a nanoscale organization
when they are attached to a surface. At this particular scale, the glycan presentation on a lipid
bilayer proved to be key to modulate the binding capacities of lectins. However, it is still
challenging to tackle molecular recognition phenomena in these complex systems, even though,
the combination of NMR data and MD simulations shed light on these events.[1]
The role of glycans and related polysaccharides on the stabilization of metal nanoparticles
is almost unexplored. In fact, a full picture of this stabilization remains unclear. The large size of
this kind of systems makes them unapproachable by quantum calculations. In addition, the
application of computational tools for carbohydrates and metallic nanoparticles is not efficiently
implemented to date. However, new avenues have emerged thanks to the application of
Dissipative Particles Dynamics (DPD, Figure 1). These simulation models are based on particles
that represent coarse-grained (CG) portions of the system under study. These low resolution
models are rapidly growing providing access to length and time scale inaccessible for other kinds
of models.[2,3]
Herein, we combine different computational approaches to afford a highly efficient and
flexible avenue to transfer atomistic features to mesoscopic simulations. In this context, the
presented methodology encompasses different phenomena such as cooperativity,
competitiveness and stability over the time in a physiological and periodic environment.

Figure 1. Stabilization of gold nanoparticles by the polysaccharide chitosan
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In recent years, COVID has been gaining prominence, especially in the acute phase of the
disease. However, this is just the tip of the iceberg. Beyond this, there is what is known as longCOVID, accumulating more and more affected, estimating that it is almost 20% of patients who
do not recover who develop these persistent symptoms.1, 2
In all this time, the importance of sequencing the genome of the virus, studying the proteins in its
membrane for the subsequent development of vaccines has been demonstrated, which has an
unquestionable value. Even so, there are other factors of comparable importance to which not so
much attention has been paid such as the lipid profile of COVID-19 patients, not only in the acute
process, but during evolution or even the sequelae in the medium-long term.3,4 From our group,
in a recently published article5, a correlation between the lipid profile of patients and COVID-19 is
proposed, and it may be the innate immune system itself, through antimicrobial peptides (AMPs),
that is responsible for this correlation.
In this project and using Molecular Dynamics, we studied the interaction of different antimicrobial
peptides with membrane models, both altered and unaltered, in order to understand the impact
of the lipid alteration on the response of the innate inmune system. All MD simulations have been
performed at CESGA.
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NaCl aqueous solutions are ubiquitous. They can crystallize into ice, NaCl or NaCl·H2O
depending on the temperature-concentration conditions. These crystallization transitions have
important implications in geology, cryopreservation, or atmospheric science.
Computer simulations can help understand the crystallization of these solids, which requires a
detailed knowledge of the equilibrium phase diagram. We use molecular simulations in which we
put at contact the solution with the solid of interest to determine points of the solid-solution
coexistence lines. We follow two different approaches, one in which we narrow down the melting
temperature for a given concentration [1], and another one in which we equilibrate the
concentration for a given temperature [2], obtaining consistent results. The phase diagram thus
calculated for the selected model (TIP4P/2005 for water molecules and Joung-Cheatham for the
ions) correctly predicts coexistence between the solution and ice.
We were only able to determine NaCl·H2O-solution coexistence points at higher temperatures
and concentrations than in the experiment [3], so we could not establish a direct comparison in
this case. On the other hand, the model underestimates the concentration of the solution in
equilibrium with the NaCl solid. Our results, alongside other literature evidence, seem to indicate
that ion-ion interactions are too strong in the model. Our work is a good starting point for the
improvement of the potential model and for the study of the nucleation kinetics of the solid phases
involved in the phase diagram [4].
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Porous organic cages (POCs) are organic molecules with an accessible intrinsic pore that
may form porous molecular solids with intrinsic and/or extrinsic porosity Within these POCs, the
imine cage family of compounds developed by Cooper et al. is one with the most examples up to
date.[1] The general synthesis developed by Cooper et al. relies on a one-pot synthesis where a
monomer with aldehyde functional groups is added to a solution with a second monomer with
amine functional groups. Due to the complex network of reactions that lead to the cages, the best
computational efforts up to date have relied on thermodynamic calculations of the possible final
products.[1]
In an attempt to include the kinetic dimension we first studied the mechanism of imine
condensation in aprotic media, where were able to reproduce experimental concentration vs. time
values[2] using microkinetic simulations.[3] Afterwards, we proceeded to automate, calculate and
simulate the self-assembly of Covalent Cage 1 (CC1).[4] Here we present the results from such
work.
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There is plenty of experimental literature characterizing hydroxyethyl methacrylate
(HEMA)-based physical and chemical hydrogels, due to their spread applications in numerous
fields, especially in the biomedical one. Transport properties of poly-HEMA hydrogels as well as
systems dynamics are of particular interest owing to delivery issues, whether in terms of solvents,
drugs or further carriers [1,2]. Water content (WC), cross-linking and T dependence are the main
investigated variables when characterizing diffusion and related properties [3-4]. Nevertheless,
there is an extremely low number of papers devoted to theoretical studies on both the HEMA
monomer and on poly-HEMA systems.
Concerning the HEMA monomer, to the best of our knowledge, just one published paper
deals with conformational research [5], despite experimental suggestions of more conformers, and
solute-solvent descriptions are missing. For these reasons, we oriented a first part of research to:
(i) study its structural and spectroscopic properties through Density Functional Theory (DFT)
calculations; (ii) highlight hydrogen bond interactions of the solvated monomer by running
molecular dynamics (MD) simulations with four water models; (iii) compare the calculated
vibrational and electronic properties to experimental spectra. Results confirmed the coexistence
of two stable HEMA conformers, interacting with solvents in the same way, mainly through the C=O and the -C-OH groups between T 230 and 360 K. The trans to cis ratio was calculated to be
56.5 : 43.5 at 298 K from vibrational data.
Regarding poly-HEMA systems, there are several guesses that still require a theoretical
elucidation. The major open questions on poly-HEMA systems have to do with the plasticizer role
of water and with the quantity of solvent molecules per -OH moiety in systems at various WC;
moreover, investigations might confirm if water diffusion remains a hydrogen bonding driven
mechanism in poly-HEMA. For answering to the cited questions, the second part of our work was
devolved to poly-HEMA inter- and intramolecular interactions: (iv) representative physical and
chemical systems were built and the respective force fields parametrized; (v) MD simulations of
such systems at WC from 10 to 40% w/w were run at room T, analyzing them in terms of radial
distribution functions (RDF) and gyration radius (Rg). Outcomes showed that chain extension
from 10 to 150 monomeric units has no influence on solute-solvent interactions [4]. There are
almost 2 water molecules around each -C-OH group and just 1 near the -C=O moiety at 1.8 Å
distance from WC 20 to 40%, in agreement with experimental findings [4]. Intramolecular
interactions, which result in weak H-bonding, occur mainly between the alcoholic hydrogens and
the carbonyl and ester oxygens. The -C-OH moiety is less involved in intramolecular interactions
rather than in intermolecular ones, although the latter remains very poor in quantity and strength.
The Rg varies from chain to chain, ensuring good statistics.
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In this work we studied the effect of Li+, Na+, K+, Mg2+, Ca2+, chlorides and sulfates on the
temperature of maximum density (TMD) of aqueous solutions at room pressure. Experiments at
1 molal salt concentration were carried out to determine the TMD of these solutions. For density
measurements below -15º C, the Sorensen methodology was adopted [1]. We also performed
molecular dynamics simulations to estimate the TMD of these solutions at 1 m and 2 m with the
Madrid-2019 force field [2], which uses the TIP4P/2005 water model [3] and scaled charges for the
ions. Our experiments at room temperature are consistent with those from Laliberte [4] and the
prediction of both the maximum in density and the TMD from simulations is in excellent agreement
with our experimental results.
All the salts studied in this work shift the TMD of the solution to lower temperatures and flatten
the density profile (when compared to pure water) with increasing salt concentration. The shift in
the TMD (Δ) depends strongly on the nature of the electrolyte. Despretz established a linear
dependence of Δ with the salt concentration (in molality) as early as 1840 [5]. We hereby confirm
that the Despretz law holds for all the salts considered here at least up to 1 m. In order to further
explore this shift in the TMD, we have evaluated the contribution of each ion to Δ (from the
experimental results), concluding that Na+, Ca2+ and SO42- seem to induce the largest changes
among the studied ions. We have proved that these group contributions are able to accurately
predict the shift in TMD for 1 m mixtures.
Finally, the volume of the system has been analyzed for salts with the same anion and different
cation. These curves provide an insight into the effect of different ions upon the structure of water.
We conclude that for those ions with a strong coordinated first layer, namely Li+ and Mg2+ (where
water is not just coordinating the cation but forming a complex), the remaining water molecules
accommodate in an expanded structure resulting from the configurations they adopt to enable
hydrogen bonding with the “rigid" water molecules from the first solvation shell. We therefore claim
that the TMD of electrolyte solutions entails interesting physics regarding ion-water and waterwater interactions and should then be considered as a test property when developing force fields
for electrolytes. This matter has remained rather unnoticed for almost a century now and we
believe it is time to revisit it.
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The particle-pair or particle-particle distance problem (pp-distance) appears in several
scientific fields. The pp-distance calculation is a computationally demanding task involved, for
instance, in the calculation of X-ray spectra, as shown in Fig-1.
Protein structure is one of the
bases of the biomedicine and
nanotechnology. Different methods
are used to determine the structures.
One of them is X-ray which is usually
limited to highly crystalline structures.
We propose to extend the method to
low crystallinity samples.
We solve the pp-distance
problem by calculating the theoretical
X-Ray spectra for low crystallinity or
non-crystalline
structures[1]
and
comparing it against the real one. Our
C program reduces the computational
time
using
High
Performance
Computing over FPGA.
Figure 1. Full experiment layout.
The direct result, with pseudoelectrons or atoms (Debye[2]) is the
data that could be represented as a
plot like that shown in Fig. 2.
The high-performance speed of
FPGA implementation allows this
method to be used to search the
structures of small or medium size
molecular ensembles (hundreds of
thousands of atoms), where the
calculated spectrum is compared to
an experimental one to generate
new 3D models, to improve the fit.
The generation of the new models,
based on feedback and the relation Figure 2. SAXS-WAXS Scattered intensity of silver
between spectrums, will need to use behenate crystallites as a function of q compared with
new algorithms that have to be atoms versus pseudo-electrons models as described.
implemented via heuristics or AI.
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Global warming is one of the most challenging and defining issues of our time. Because of
that, there is an urgent need to find the best way to counteract the rising of Earth’s global average
temperature since the 19th century. On that regard, solar geoengineering techniques aim to cool
our planet by reflecting sunlight back into space. One of the most promising techniques of this
kind consist in the injection into the stratosphere of sulfur dioxide (SO2) to induce the subsequent
formation of sulfuric acid (H2SO4), a highly hygroscopic species that can form light-reflecting
sulfate aerosol particles, which would act as a mirror for incident solar radiation, decreasing the
global temperature in a similar way as it occurs after volcanic eruptions.[1] However, the
atmospheric chemical implications and the potential environmental effects of this geoengineering
proposal demand urgent studies to evaluate its viability. More specifically, a complete description
of the photochemical reactivity of the participant species is mandatory.
By means of state-of-the-art quantum chemical methodologies, we have studied the
photochemical properties and photodissociation pathways of key sulfur radicals in the generation
of sulfate aerosols in the stratosphere: cis-HOSO,[2] HOSO2, and SO3[3]. The former species arises
from the reaction of SO2 in its lowest excited triplet state with water, while the remaining systems
act as intermediates in the traditional acid rain generation scheme, the central chemical
mechanism of this solar geoengineering proposal. In summary, the photodynamics of cis-HOSO
after sunlight absorption in the wavelength range of stratospheric interest leads to the dissociation
of the radical, generating mainly OH and SO with a minor production of O and H atoms, exhibiting
a photolysis lifetime of 416 s. In the case of HOSO2, its photolysis lifetime is of 71.4 s in the
stratosphere and the main photodissociation channel corresponds to the breaking of the HO-SO2
bond, with the production of HOSO and a single oxygen atom arising as a secondary channel.
The results obtained suggest that the photochemistry of both systems may only have an impact
in the production rate of sulfate aerosol in atmospheric regions with low O2 concentration, the
primary sink species for these sulfur radicals. On the contrary, SO3 appears to be photostable
with a long photolysis lifetime of 579 days in Earth’s stratosphere, indicating that the efficiency of
H2SO4 generation from association of SO3 and H2O depends majorly on largely unknown SO3
removal processes. Future modelling studies are necessary to explore new removal mechanisms
of this paramount intermediate in sulfate aerosol generation.
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Azobenzene derivatives are emerging as powerful fluorescence quenchers, with direct
applicability in the field of biosensing and bioimaging[1,2]. In collaboration with. Ribagorda´s group,
we have recently designed, synthesized and characterized a highly efficient family of fluorescent
probes for the detection of hypoxia, related to solid tumor conditions. These systems are the result
of the coupling of a fluorescent BODIPY fragment to an azo group. Our calculations based on
both wavefunction (ADC(2) and MS-CASPT2) and density functional theory exclude a FRET
based quenching of fluorescence mechanism and ascribe the absence of emission of these
chromophores to the return of the excited population back ground state through an unprecedented
energy-accessible np*/S0 conical intersection, different from the one responsible for the wellknown cis/trans isomerization pathway. Based on this mechanism, at low oxygen concentrations,
the expression of the azoreductases in the cells leads to the reduction of the azo bond, forming a
bodipy-amino derivative whose fluorescence is no longer quenched and emits with high quantum
yields. Theoretical insight on the fact that a non-FRET mechanism governs fluorescence
quenching provides us an unprecedented lead for targeted design of prospective hypoxia
sensors.
Further research on the topic is directed towards the development of novel ratiometric
probes, allowing the quantitative monitoring of hypoxia conditions from the evaluation of the
emission ratio at two fluorescence wave lengths. Thus, by introducing additional fluorophores
through different linkers to the azoBODIPY scaffold, we have been able to obtain promising
prototypes for dual fluorescence ratiometric probes.

Figure 1: Structure of the (left) azo-bodipy and (right) amino bodipy-based probes for
hypoxia detection.
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2-aminopurine (2AP) is an isomer of the 6-aminopurine (6AP, better known as adenine),
which at a difference from adenine presents fluorescent properties.[1] The difference in the
photophysics[2] of these two isomers is uncovered by comparing the ultrafast deactivation
processes of 6AP, which make the nucleobase photostable and reduces its fluorescence
quantum yield[3,4], with the fluorescence mechanisms of 2AP. We find fluorescence arises from
the hampering of the main deactivation routes compared to adenine, leading to much longer
decay times.[1] Thus, the interest in 2AP hinges upon the possibility of its use as fluorescent probe
in DNA by the replacement on 6AP sites in the double helix. This replacement has allowed and
significantly contributed to achieve time-resolved optical imaging of our genetical material.[5,6]
Moreover, 2AP excited states lifetimes shows an extraordinary increase in water,[7] moving from
the time-resolved ps signals recorded in vacuo to ns or µs timescales.[1,6,8]
We study micro-hydration arrangements of 2AP including the effects of static and
dynamic electron correlation on energies and geometries by using extended multistate complete
active space second-order perturbation theory (XMS-CASPT2) calculations. These consider all
states regardless of character (1nNπ* vs 1ππ*) or multiplicity (singlet vs triplet) on an even footing,
our results showing 2AP micro-hydration hampers the internal conversion processes by raising
the potential energy barrier required to reach the (1ππ*/GS)CI conical intersection mediating
ultrafast decay, and therefore being responsible for the high fluorescence quantum yield of 2AP
in water. Moreover, we have observed that in those cases where water is near N1 and N10 in a
trans amino position, a significant 1nNπ*/1ππ* mixing occurs in the excited state minimum leading
to lower associated oscillator strengths, which result in longer fluorescence lifetimes for those
clusters in agreement with the experiment. Finally, by comparing with the 6AP isomer in
analogous micro-hydration conditions, we observe very similar nuclear distortions which suggest
the longer lifetimes in 2AP arise mostly due to electronic effects.
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Administration of DNA-damaging reagents constitutes one of the most useful chemotherapeutic
strategies for the treatment of cancer1. The families of drugs developed over
the years for this purpose are based on second-order nucleophilic substitution
(SN2) reactions (Fig. 1). So far, all SN2-type chemotherapeutic reagents in
clinical use contain two leaving groups, thus yielding cross-linking DNA
complexes of type (1,2)-intrastrand, (1,3)-intrastrand or (1,2’)-interstrand (Fig.
2A).This generates a damage that can be reversed by the activation of repair
pathways in cancer cells, thus limiting the therapeutic success of these
reagents, especially in further rounds of chemotherapy2. Innovative candidates
to improve the therapeutic action of these compounds have been designed
based on increasing the number of electrophilic positions (En) of the reagent
by making n>2. This increased electrophilicity must generate interstrand
crosslink adducts that should result in irreversible lesions in the DNA of cancer
cells (Fig. 2B). Within this context, we have applied computational chemistry
tools based on quantum mechanics and molecular modelling, for a better
understanding of DNA damage and repair after formation of covalently bound
complexes that distort the double helix. Those QM calculations rely on the
dispersion-corrected density functional approximation, B3LYP3(D3BJ)4.
Furthermore, the structural distortions of the DNA-ligand adducts were
investigated via Molecular Dynamics. These
studies have helped us to understand the
structural distortions induced by these drug
candidates as well as to predict the kinetics of
these processes via successive SN2 reactions
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The treatment of electron correlation is always a challenge in theoretical chemistry
computations and simulations. The popular Single Reference (SR) correlated wavefunction
methods (MP2, CCSD, etc.,) and Kohn-Sham DFT are good at capturing dynamic correlation, but
poorly describe nondynamic correlation. When running a calculation, a diagnostic tool can help
users decide whether to choose SR methods or Multi-Reference (MR) methods (CASSCF,
DMRG,etc.,), the latter is usually more complicated and expensive.
Although a series of diagnostics exist currently, a recent work of Kulik and coworkers[1]
have reported the disagreement between different diagnostic criteria, so it is still hard to use these
diagnostics to evaluate dynamic or nondynamic correlation. In recent years, our group proposed
the dynamic and nondynamic indices 𝐼D and 𝐼ND in terms of natural spin-orbital occupancies [2].
Later, Martin and coworkers[3] have pointed out that our 𝐼ND is not size-intensive as it scales with
system size. Hence, in this work, we firstly propose the following normalization factor to ensure
max
our indices are size-intensive, we also suggest a new index 𝐼ND
for measuring non-dynamic
correlation,
1

1

𝑀𝑁 4

2

𝐼D,norm = √

8

( ∑𝜎,𝑖[𝑛𝑖𝜎 (1 − 𝑛𝑖𝜎 )]1/2 − ∑𝜎,𝑖 𝑛𝑖𝜎 (1 − 𝑛𝑖𝜎 ))
1

(1)

𝐼ND,norm = ∑𝜎,𝑖 𝑛𝑖𝜎 (1 − 𝑛𝑖𝜎 )

(2)

max
𝐼ND
= max{𝑛𝑖𝜎 (1 − 𝑛𝑖𝜎 )}

(3)

𝑁

M being number of molecular orbitals, N the total electron number and 𝑛𝑖𝜎 the natural spinorbital occupancies. We analyze the performance of over 20 diagnostics in an extensive dataset
using CCSD and MP2 wavefunctions. We determine the agreement between each pair
diagnostics, and classify according to their ability to identify the non-dynamic correlation. We find
max
that our new index 𝐼ND
can indicate the same information of MR character compared with 𝐷2
max
diagnostic of CCSD and MP2, and the 𝐼ND
can be obtained in a much easier and cheaper way.
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FLOATING FUNCTIONS METHOD TO CORRECT THE OUT-OF-PLANE
BENDING FREQUENCIES ISSUE
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Keywords: computational chemistry, Harmonic frequencies, Hellmann-Feynman theorem, outof-plane bending frequencies
In the late eighties, two groups independently identified a problem in calculating the out-ofplane bending (OPB) vibrational frequencies in ethylene and acetylene[1]. In both cases, it was
found that the bending harmonic frequencies were too low when computed using correlated
electronic structure methods. Furthermore, the modes showing the anomalous behaviour were
extremely sensitive to the specific one-particle basis set used. Later on, Martin[2] and co-workers
showed that this problem also happened in benzene and Moran[3] and co-workers showed that
benzene would become non-planar at the MP2 and CISD levels of theory with basis sets that
were commonly used and had vibrational modes that yielded imaginary frequencies. More
importantly, they also showed this problem extended to a range of other arene type systems,
including naphthalene or pyridine.
The main features of this problem can be summarized in four points: (a) the OPB issue
appears for ab initio correlated wavefunction methods no matter what level of theory one uses
(CC, CI or MPn), (b) when a system presents the OPB problem, the modes affected are extremely
sensitive to the specific one-particle basis set, (c) it has been proven that it is not a numerical
issue because the peculiar frequencies and geometries are reproduced with different computers,
operating systems, and program packages even when high numerical precision is demanded and
(d) the molecules which exhibit the OPB issue are not exclusively purely hydrocarbon systems
which point out the problem is not directly linked to the molecule's symmetry.
Several authors have pointed out that the cause might be the basis set superposition error,
basis set balance or the basis set incompleteness. The issue seems to be related somehow to
one- and n-particle basis set coupling, but the factor that drives this behaviour remains unknown.
Our work analyses the Hellmann-Feynman theorem's (HFT) nonfulfillment role as a possible
mechanism behind the OPB issue. The HFT states that the derivative of the total energy with
respect to a parameter is equal to the expectation value of the derivative of the Hamiltonian with
respect to that same parameter. The HFT is satisfied on the proviso that the wave function is
exact or fully variational. The latest can not always be guaranteed, and therefore it should be
taken into account in calculating the energy derivatives.
On the ground of the HFT fulfilment[4], we propose an ab initio method to correct the
spurious frequencies effectively while keeping the computational resources demand at the same
level as a standard calculation. It relies on adding a ghost atom in a molecule's point with a high
symmetry, which gives the system enough flexibility to achieve a correct vibrational behaviour.
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From ancient alchemists to modern chemical industries, discovering and designing new
molecules has always been a goal for humans. The chemical space is enormous: even for small
molecules, many possibilities exist. For example, the drug-likeness molecular space is estimated
to be in the order of 1060 molecules. Analyzing all the molecules by brute-force approaches is
impossible, even with the most powerful supercomputers. Therefore, the efficient exploration of
the chemical space has become a vivid field of research in computational chemistry.[1]
In this work, we propose a new computational methodology to explore the chemical space,
that is, to find one or several molecules which may be suitable to the problem at hand. We rely
on a genetic programming approach to conduct the exploration. Genetic programming is an
artificial intelligence methodology belonging to the family of evolutionary algorithms that works
with “programs” as individuals. Starting from a random population of “programs”, it is evolved over
a series of generations by applying crossover and mutation operators, improving the fitness of
the solutions. Although initially designed to create computer programs for solving a particular task,
genetic programming has been applied in several other fields, such as the automated design of
analog electrical circuits[2] or the fiber-to-yarn process in the textile industry.[3]
Here, we adapt the genetic programming methodology to tackle the problem of molecular
design. In this framework, we define a set of valid operations (e.g., add or remove an atom or a
bond, add a fragment, merge two fragments, generate a 3D conformer of the molecule, etc.). The
“program” to evolve would be a sequence of such operations that, starting from a base molecule
or scratch, gives a molecule as a result. Molecular graphs or 3D conformations can be used to
represent the molecules. This flexibility allows the application of the methodology not only to pure
chemical design but also to solve 3D molecular modelling problems.
Usually, a unique fitness function controls the evolution in genetic programming to select
the individuals (i.e. “programs”) that survive to the next generation. Molecular design, however, is
a multi-objective problem by nature, where often you have some previous hypotheses about the
features of the desired molecule. For example, accomplish drug-likeness descriptors, ensure the
presence of some functional groups or, coming to 3D molecular modelling, minimize steric
clashes or maximize the presence of interactions such as hydrogen bonds. Based on previous
experience in our group with other evolutionary algorithms,[4] we have incorporated the NSGA
multi-objective selection in this new methodology, allowing for a hypothesis-driven exploration.
We have implemented the algorithm as an open-source python application, called GAlkemist, and successfully evaluated its exploration capacity against state-of-the-art similarity and
rediscovery benchmarks.[5] Finally, we present a case study applying the method in a drug design
pipeline, using both molecular and 3D descriptors inside a protein host.
References
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HETEROBIMETALLIC D8-D10 COMPLEXES AS INTERMEDIATES,
TRANSITION STATES, AND TRANSITION STATE ANALOGS FOR THE
TRANSMETALATION STEP IN SONOGASHIRA AND NEGISHI COUPLING
REACTIONS
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Keywords: bimetallic, transmetalation, cross-coupling
We report an experimental study, with accompanying DFT calculations, on a series of
heterobimetallic complexes with Pd(II) and Cu(I), Ag(I), or Au(I). The isolable complexes, for
which we have extensive structural data in the solid state, in solution, and in the gas phase, are
models for the intermediates and transition state for the transmetalation step in Sonagashira and
Negishi coupling reactions, among which, according to the DFT calculations, only the transition
state has the two metal centers within bonding distance. The d8-d10 metal-metal interaction has
been proposed to be a stabilizing factor lowering the transition state for transmetalation, which
naturally then becomes relevant to cross-coupling by shifting the turnover-limiting step to one of
the other elementary reactions in the catalytic cycle. Furthermore, we report a substituted version
of an analogous heterobimetallic complex in which a competing dissociation sets an upper-bound
on the strength of the d8-d10 metal-metal bond. Analysis of the structures in the solid state and in
solution, and the competitive dissociation experiment in the gas phase, indicate that the
dispersion-corrected DFT methods used in the study appears to overestimate the strength of the
metal-metal interaction, thus distorting the shape of the computed potential energy surface
systematically for transmetalation.
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The late motive of our research group is the development of organometallic complexes with
unusual properties. Initially, we focused on designing special ligands (i.e. with very large bite
angles either covalently or supramolecularly constructed, photoswitchable or proton-responsive)
intended for catalytic applications.[1-3] More recently, inspired by the ground-breaking contributions
of Meggers’ group,[4] we started combining those unique ligands with chiral-at-metal cores looking
for organometallics with new properties. We also broadened our areas of application from
catalysis to luminescence and sensing.[5]
Looking for the “unusual” is not an easy path. Quite often, the compounds we design turn
out not to be synthetically accessible, or the encountered properties have little to do with those
envisaged. Chemistry insists on showing us our limited capacity to predict, but it also surprises
us with unexpected gifts from time to time.
In this communication, an overview of our most recent findings will be presented, together
with a case example of how these special complexes can be used to address specific problems
from apparently unrelated areas of research.

Financial support from IKERBASQUE, the Basque Government (IT-1346-19 and IT-1180-19), the
Spanish MICINN (PID2019-104772-GB-I00, PID2019-111281-GB-I00, RED2018-102387-T, and
RED2018-102471-T), and by the European Commission (ERC-2020-SyG-951281) is gratefully
acknowledged.
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THE CYAPHIDE ION: A NEW BUILDING BLOCK FOR CHEMICAL
SYNTHESIS
Jose M. Goicoechea
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e-mail: jose.goicoechea@chem.ox.ac.uk
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The 2-phosphaethynolate anion (PCO−; the phosphorus-containing analogue of cyanate)
was first isolated by Becker and co-workers as a lithium salt in 1992.[1] Due to difficulties
associated with its manipulation, the chemistry of this remarkable species laid dormant for
decades. The report of a high yielding, multi-gram synthesis of [Na(dioxane)x][PCO] in 2014
rekindled the interest in this fundamental ion.[2] Since then, the reactivity of PCO− and its use in
decarbonylative and deoxygenative processes has been extensively explored.[3]
Following Becker’s original report on the isolation of PCO–, heavier analogues have also
become synthetically accessible (PnCCh− where Pn = P, As; Ch = O, S, Se).[4, 5] These ions are
rare insomuch as they contain highly reactive pnictogen–carbon multiple bonds, yet can be
manipulated with ease due to their negative charges, which preclude common decomposition
pathways (e.g. oligomerization), associated with neutral valence-isoelectronic species. This talk
will survey recent studies on this family of anions paying particular attention to the use of PCO–
as a precursor to the elusive cyaphide ion (CP–).[6]

Figure 1. A cyaphide transfer reagent.
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HTE AS A TOOL IN C-H ACTIVATION REACTION DISCOVERY AND LATESTAGE FUNCTIONALIZATION OF PHARMACEUTICALS
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HTE has been established as an effective strategy to optimize/refine chemical processes
in small molecule drug discovery. It offers, in general, the possibility to rapidly screen reaction
parameters with the aim of improving the overall performance and enhance the understanding of
how different parameters influence the reaction. Our interest in this strategy and the willingness
to initiate research efforts came not from a desire to demonstrate the overall power of HTE, but
rather from a general interest in late-stage functionalization (LSF) as a means of accessing
analogues of advanced drug molecules. Direct functionalization of C–H bonds, which also is a
grand challenge, at a late stage in a synthetic sequence is an area of research with enormous
potential impact in drug discovery. However, several factors limit the use of many C–H activation
protocols published to this date, such as limited functional group tolerance, directing group scope
and catalyst poisoning by coordinating inherent motifs. Broadly speaking, C–H activation can be
divided into two LSF subclasses a) non-directed C–H activation, which is controlled by the innate
reactivity of the substrate governed by steric/electronic components, kinetic acidity phenomena
or BDE (Bond Dissociation Energies) or b) directed C–H activation which is based on Lewis basic
functionalities that chemo-selectively guide the catalyst into close proximity of a specific C–H
bond to enable the chelation-assisted C–H cleavage followed by functionalization.1,2
Herein we will discuss how HTE can facilitate not only the development of new reaction
manifolds, but also how to design HTE experiments to gain further understanding useful in
medicinal chemistry efforts and late-stage functionalization. Case studies on cobalt-catalyzed C–
H methylation and iridium-catalyzed C–H amination using drugs as substrates are presented.
Moving towards more sustainable ways of working in drug discovery we also showcase how new
dispensing techniques can considerably add to miniaturization of reaction development.3

1 Guillemard,

L., Kaplaneris, N., Ackermann, L. and Johansson M J J., Nat Rev Chem, 2021, 5,
522–545
2 Cernak, T., Dykstra, K. D., Tyagarajan, S., Vachal, P. and Krska, S. W., Chem. Soc. Rev.
2016, 45, 546–576
Friis, S. D.; Johansson, M. J.; Ackermann, L. Nat. Chem. 2020, 12, 511-519; b) Weis, E.;
Hayes, M. A.; Johansson, M. J.; Martín-Matute, B. iScience 2021, 24, 102467; c) Weis, E.;
Johansson, M.; Korsgren, P.; Martin-Matute, B.; Johansson, M. JACS Au, 2022, asap; d) Weis,
E.; Johansson, M. J.; Martín-Matute, B, Chem.Eur. J., 2021, 27, 8188–18200
3 a)
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RADICAL PATHWAYS MEDIATED BY NICKEL CATALYSTS AND
APPLICATIONS TO PEPTIDE MODIFICATION
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Reactions involving organic radical intermediates have been traditionally regarded as
overly reactive and unselective. Nickel complexes can reversibly coordinate to radicals, and thus
modulate the reactivity and control the selectivity of reactions involving radical intermediates. We
apply organometallic and physical organic techniques to characterize fundamental steps involved
in nickel-catalysed cross-coupling reactions, including radical generation, chain propagation,
termination, and C–C bond formation. Mechanistic insight has informed us in the development of
an enantioselective method to modify peptides. The reaction provides a convenient means to
access non-canonical peptides that could serve as pharmaceutical targets.
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The need of reducing CO2 emissions to the atmosphere has converted CO2 capture,
storage and utilization in topics of great interest. In this field, amines have shown to be highly
efficient for CO2 capture and utilization thanks to their ability to act as a strong nucleophile and a
base.[1] While the former property is important in capturing CO2 and its derivatives, the latter is
relevant in CO2 reduction processes for producing fuels using renewable energy sources.
In this presentation, I will describe a selection of reactions studied by our group using
computational methods in collaboration with experimental groups to highlight the multiple roles
played by amines. These reactions include the hydrogenation of CO2 to methanol by bifuctional
catalysts, where amines highly increase the efficiency of the reaction (Figure 1),[2] and the
electrochemical reduction of CO2, where amines can change product selectivity from CO to formic
acid or H2.[3]

Figures 1: Chemical transformations involved in the amine-mediated capture and
hydrogenation of CO2 to methanol, catalysed by homogeneous bi-functional catalysts.
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BISMUTH REDOX CATALYSIS
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The ability of main group element bismuth (Bi) to maneuver between different oxidation
states in a catalytic redox cycle, mimicking the canonical organometallic steps of a transition
metal, represents a paradigm shift in the field of homogeneous catalysis.[1] Here, we demonstrate
that these catalytic steps are not restricted to the d-block and a series of Bi complexes can
certainly undergo catalytic redox transformations akin and beyond transition metals. Catalytic
cycles where the Bi revolves between oxidation states Bi(I)/Bi(III) and Bi(III)/Bi(V) have been
unlocked an applied in various contexts of catalysis. Capitalizing on the Bi(III)/Bi(V) redox pair,
we have developed a catalytic protocol for the fluorination[2] and triflation[3] of aryl boronic esters.
On the other hand, the low-valent redox manifold based on Bi(I)/Bi(III) enabled the reduction of
hydrazines and nitro compounds[4], the catalytic decomposition of the rather inert nitrous oxide
(N2O),[5] and the catalytic hydrodefluorination of C(sp2)‒F bonds.[6] In addition, we will show how
one-electron pathways are also accessible, thus providing a platform for SET processes for
organic synthesis.[7] Finally, we will also show how redox-neutral catalytic pathways can unlock
novel organic transformations via canonical organometallic steps. For all methodologies, a
combination of rational ligand design with an in depth analysis of all the catalytic steps proved
crucial to unfold the catalytic properties of such an intriguing element of the periodic table.
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The electrochemical reduction of CO2 is a challenging reaction of interest from a
fundamental perspective and as a candidate for converting an environmentally harmful gas into
valuable fuels. Application in large scale of this reaction will likely require the use of catalysts
based on affordable and abundant metals.
Organometallic ruthenium complexes bearing a 2,2':6',2''-terpyridine paired with a
bidentate ligand containing mixed pyridine-N-heterocyclic carbene are well established
electrocatalysts for CO2 reduction to CO (Figure 1).[1] We recently unraveled the mechanism for
this system, and we proved that the two geometrical isomers resulting from the asymmetry of the
bis-chelating ligand have completely different behavior in the elementary steps of the catalytic
cycle, as a consequence of the trans effect provided by the strongly donating NHC donor. [2,3]
Now in this contribution, we will discuss the synthesis of the iron analogues, as well as the
mechanism of this new family of electrocatalysts in CO2 reduction.[4] A combination of NMR
spectroscopy, cyclic voltammetry, spectroelectrochemistry and DFT calculations have
established similarities and differences between the catalytic cycle performed by iron and
ruthenium complexes.
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HIGH-VALENT ORGANOMETALLIC IRON COMPLEXES: STRUCTURAL
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High-valent iron compounds (where the metal is found in oxidation states +4 or +5) are
postulated as key reaction intermediates in a myriad of relevant biological processes catalyzed
by metalloenzymes.[1] Bioinorganic chemists have succeeded in preparing a large number of
synthetic high-valent iron complexes stabilized by strong π-donor ligands such as oxido (O2-),
imido (RN2-) or nitrido (N3-).[2] However, the ability to access FeIV species without such -donor
ligands is limited due to their inherent thermal instability.[3] Particularly, the repertoire of
organometallic FeIV complexes containing metal-carbon -bonds is very narrow. Representative
examples within this class of compounds include the family of homoleptic tetraalkyl FeIV
compounds.[4] The lower kinetic and thermodynamic stability of first-row metal-carbon bonds
compared to their 2nd and 3rd row congeners, makes high-valent organometallic 3d-block
transition metal complexes more difficult to isolate. Indeed, only recently NiIV and CuIII complexes
have been prepared and studied for carbon-carbon as well as carbon-heteroatom bond-forming
reactions.[5]
Herein, we will discuss our efforts in the synthesis, structural and spectroscopic
characterization of unusual high-valent FeIV complexes. First, we will present synthetic strategies
to prepare FeIII and FeIV cyanide complexes using hypervalent iodine reagents, along with indepth mechanistic investigations. Then, the synthesis of highly reactive organometallic FeIII and
FeIV complexes and their involvement in carbon-carbon bond-forming reactions will be disclosed.
Overall this work provides fundamental insights into the reactivity of organoiron species in high
oxidation state that may ultimately find application in catalysis towards organic synthesis.
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Perfluorination of the methyl group causes dramatic changes in its behaviour as a ligand,
when coordinated to a transition metal center. On going from CH3 to CF3, the group
electronegativity augments from 2.28 to 3.49 (Pauling scale), placing trifluoromethyl as -probablythe most electronegative organyl ligand known.[1] Furthermore, CF3 are typically reluctant to take
part in reductive elimination processes, so they are optimal ligands for stabilizing complexes in
high oxidation states. In reverse, the development of metal-mediated synthetic methods affording
C-CF3 bond forming reactions is harsh and remains a challenge.
In recent years we have studied the chemistry of trifluoromethyl gold and silver compounds
in oxidation state III. We have developed convenient procedures for the synthesis of the
homoleptic complexes [MIII(CF3)4]− (M = Ag, Au), as well as for a wide series of neutral and anionic
derivatives of general formula [MIII(CF3)3L] and [MIII(CF3)3X]−. Most of them present electronic
structures with Ligand Field Inversion, a rare phenomenon that is currently attracting much
attention.[2]
In this communication we will discuss some of our most outstanding results on
trifluoromethyl coinage metal chemistry, in terms of synthesis, properties, and reactivity.[3]
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Traditionally, solution-based processes have dominated laboratory set-ups and industrial
manufacturing protocols. However, the past decade has seen the renaissance of solid-state
synthetic routes, driven by the need for more sustainable chemical processes. Within this context,
mechanochemistry (i.e., chemical transformations initiated or sustained by mechanical force) has
rapidly evolved from being a laboratory curiosity to a widely applicable synthetic technique that
not only enables greener chemical transformations but offers exciting opportunities for the
synthesis and screening of molecules and materials.
The talk will focus on the recent developments in reactive mechanochemistry of main group
compounds and materials.[1] The novel application of mechanochemistry to the synthesis of
phosphorus-nitrogen frameworks[2] – from orthogonal synthesis[3] to “unattainable” molecules[4] –
will be discussed, followed by their implementation in the rational design of high-order organicinorganic hybrid multicomponent cocrystals.[5] This will be followed by a brief introduction of the
challenges facing the broader adoption of mechanochemistry in industry,[6] with focus on the
upscaled synthesis of metal complexes[7] and energy materials.[8]

Figure 1
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Organosodium compounds have attracted the attention of the scientific community in
recent years as an alternative to widely used organolithium reagents.[1] Lithium alkyls and amides
reside at the front of organometallic synthesis as key players in countless transformations, owing
to their availability, substantial stability and solubility in hydrocarbon solvents.[2][3] However, these
desirable traits are often pitfalls of heavier alkali-metal organometallics, meaning that they have
been traditionally underexplored to the same extent as their lithium analogues. Despite the recent
advances in the use and preparation of organosodium compounds due to the growing demand of
obtaining more reactive and sustainable organometallic reagents, the constitution of the
organometallic intermediates that operate in the reactions that use these reagents has been
overlooked, missing an opportunity to tackle their high reactivity and improve their poor solubility.
The introduction of Lewis donor solvents and additives has been a strategy used to
increase the solubility of poorly lipophilic organometallic reagents, allowing deaggregation and
obtaining more reactive and soluble entities.[4] In this communication we present the results
obtained in the study of the reactivity of sodium alkyl and amide reagents in the presence donor
molecules such as TMEDA (N,N,N′,N′-tetramethylethylenediamine) or PMDETA (N,N,N’,N’’,N’’pentamethyldiethylenetriamine). The preparation of organosodium compounds soluble in
hydrocarbon solvents and the isolation and characterization of reactive sodium organometallic
intermediates in the solid state and in solution by X-Ray crystallography and 1H DOSY (Diffusion
Ordered SpectroscopY) have allowed the development of new protocols for the functionalization
of organic molecules. Our efforts have been focused on selective deprotonative metallation
reactions of synthetically attractive arenes, providing access to the selective functionalization of
these scaffolds. The reactivity and/or selectivity obtained with organosodium compounds was
different to the one with its lithium analogues, opening new vistas in the use of polar
organometallic reagents for the functionalization of organic molecules.
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Catalytic (de)hydrogenation of N-heterocycles are fundamental and relevant processes in
organic chemistry owing to their presence in pharmaceutically and biologically active compounds.
Particularly, the acceptorless dehydrogenation of tetrahydroquinolines (THQs) has recently
received significant attention, not only because it prevents the use of stoichiometric oxidants in
these organic transformations, but also due to their potential application in alternative energy
technologies as Liquid Organic Hydrogen Carriers (LOHCs) for the storage of hydrogen in the
liquid form.[1]
Still, the development of efficient catalysts for hydrogen-storage has proven difficult so far
since they must fulfill a series of technical requirements from the practical point of view. One the
most constraining factors is hydrogen’s discharge temperature from the organic carrier (90300oC). Thermodynamically, the dehydrogenation reaction to release H2 is an uphill process
requiring high temperatures. To circumvent this problem, the use of visible light (400-700 nm) has
emerged as a valuable and cleaner alternative. As a result, a successful photocatalytic system
for the acceptorless dehydrogenation of N-heterocycles involving a ruthenium-based
photosensitizer [Ru(bpy)3]2+ along with the cobalt complex [Co(dmgH)2PyCl] (dmgH =
dimethylglyoximate) has been recently reported.[2] Furthermore, an additional dinuclear iridium
catalysts [{Ir(Cp*)(Cl)}2(thbpym)] bearing (thbpym = 4,4′ ,6,6′-tetrahydroxy-2,2′ - bipyrimidine) as
bridging ligand to efficiently catalyze the reverse process (i.e. hydrogenation of N-heterocycles).
Hence, the availability of a standalone metal complexes capable of catalyzing both
transformations under mild conditions to reduce cost are highly desirable.
Herein, in this contribution, the synthesis and catalytic performance of a single iridium
complex towards the visible light assisted acceptorless dehydrogenation of N-heterocycles along
with the corresponding studies for the reverse reaction will be presented (Fig. 1).
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Fig.1 Visible light promoted dehydrogenation and thermal hydrogenation of N-heterocycles
catalyzed by a standalone iridium metal complex.
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Over the last few decades, transition metal catalyzed C−H activation has emerged as a
powerful tool to access valuable molecules in pharmaceutical industry and material sciences from
readily available hydrocarbons. In particular, manganese catalyzed transformations have gained
considerable interest owing to the low cost, low toxicity and high abundance of the metal.[1] In the
last years, several examples of Mn-catalyzed C−H activation reactions involving alkyne insertion
were described. However, most reports are limited to terminal alkynes or suffer problems of
regioselectivity when internal alkynes are applied. The use of 1,3-enynes in these reactions
instead of monoalkynes would imply further challenges: (a) chemoselectivity between the two
unsaturated units, (b) regio- and stereoselectivity of the migratory insertion, and (c) selectivity
between mono- and difunctionalization.
On the other hand, indolizino[3,4,5-ab]isoindoles, most commonly called INIs, are structural
units of high interest for OLEDs and sensor devices fabrication, due to their fluorescence with
high quantum efficiencies, emission colors in the blue to green region of the visible
electromagnetic spectrum and easily tunable HOMO and LUMO levels. Since the first synthesis
in the 80´s, several preparation methods for these compounds have been reported, however most
of them are limited to a restricted substitution pattern in the aromatic rings and require starting
materials that are usually unstable or difficult to prepare.[2]
In our work, we describe the regioselective preparation of indolizino[3,4,5-ab]isoindoles via
Mn(I)-catalyzed C–H activation on readily available 2-phenylpyridines, showing a detailed study
of their structure and their relevant photophysical properties (Figure 1).[3]

Figure 1: Mn-catalyzed cyclization with 1,3-enynes.
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Molecular electrocatalysts are experiencing a renewed interest since they can contribute
to sustainable and energy–efficient redox chemical transformations [1, 2]. Specifically, bimetallic
molecular electrocatalytic systems have been synthesized and broadly studied aiming towards
energy storage transformations, such as water oxidation, oxygen reduction, hydrogen evolution
reaction, nitrogen reduction, or carbon dioxide reduction.[2] Along these lines, we will present the
formation and characterization of a dinuclear cobalt complex that electrocatalytically reduces
carbon dioxide to carbon monoxide in the presence of Brönsted acids in DMF. Chemical,
electrochemical and spectroelectrochemical studies under inert atmosphere indicate a single two
electron reduction process of complex 1 at first, followed by a one electron reduction at the ligand.
Infrared spectroelectrochemical studies under CO2 and CO atmosphere allowed us to identify a
CO–containing reduced dicobalt complex which results from the electroreduction of CO2. Our
electrocatalytic studies revealed single–site mechanism with up to 94 % selectivity towards CO
formation when 1.47 M trifluoroethanol were present, at –1.35 V vs Saturated Calomel Electrode
in DMF (0.39 V overpotential) [3].

Figure 1. Electroreduction promoted by bimetallic cobalt complex 1.

References
[1] a) N. W. Kinzel, C. Werlé, W. Leitner, Angew. Chem. Int. Ed. 2021, 60, 11628; b) N. Wolff, O.
Rivada‑Wheelaghan, D. Tocqueville, ChemElectroChem 2021, 8, 4027.
[2] K. E. Dalle, J. Warnan, J. J. Leung, B. Reuillard, I. S. Karmel, E. Reisner, Chem. Rev. 2019,
119, 2875.
[3] A. Bohn, J. J. Moreno, P. Thuéry, M. Robert, O. Rivada-Wheelaghan, ChemRxiv, 2021
10.26434/chemrxiv-2021-2q31m

240

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S06-OC08

ILLUMINATING EARTH-ABUNDANT METALS: A NEW REACTIVITY
PARADIGM IN PHOTODECARBOXYLATION REACTIONS
Francisco Juliá-Hernández a
a

Department of Inorganic Chemistry, Faculty of Chemistry, University of Murcia, 19 Campus de
Espinardo, 30100, Murcia, Spain
e-mail: francisco.julia@um.es

Keywords: photocatalysis, Earth-abundant metal catalysis, organic synthesis, visible-light
illumination, decarboxylation.
The use of visible light in photocatalytic reactions has emerged in response to economic
and environmental concerns, driving the evolution towards more efficient and sustainable
syntheses to build up molecular complexity.[1] Upon visible-light irradiation, photocatalysts are
able to interact with organic substrates to afford reactive radical species, usually via singleelectron transfer (SET), which subsequently engage in functionalization reactions. State-of-theart photocatalysts, commonly made by precious metals, promote this key SET via an outer-sphere
mechanism, in which a match between the redox potentials of photocatalyst and substrate is
required.[2] Although outstanding advances have been accomplished, this redox limitation has
difficulted the expansion of the scope of these transformations.
In this communication, I will present our group’s efforts to overcome these challenges. We
have designed Earth-abundant metal photocatalysts, made of inexpensive and readily available
base-metals, which operate via a different mode of action from traditional catalysts, outperforming
their activity and selectivity. Upon substrate coordination and visible-light illumination, SET occurs
via an inner-sphere mechanism,[3] which is not limited by the redox properties of the substrate.
We have applied this novel reactivity platform to uncover new decarboxylative functionalization
reactions of aliphatic carboxylic acids, which are broadly occurring motifs in nature and industrially
relevant molecules. Our new synthetic methods are currently being used in our laboratory to
streamline the synthesis of pharmaceuticals and agrochemicals, such as malaria vector control
insecticides and antivirals, via the photodecarboxylation of native carboxylic acids in chemical
feedstocks and complex molecules.
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Since its discovery, Stille catalysis has proven to be an excellent method for C‒C coupling.
The mechanisms of the different steps of the classic cycle (Scheme 1, cycle I), namely Ar‒X
oxidative addition (Ar = aryl), R‒SnBu3 transmetalation, and Ar–R reductive elimination, have
been extensively studied.[1] Interestingly, a variation of the classic Stille pathway, operating
specifically for Ar‒Alk coupling (Alk = alkynyl) and initiated by oxidative addition of Alk‒SnBu3 to
Pd0(PN) (PN = chelating imino- or amino-phosphine) was previously proposed in the literature
(Scheme 1, cycle II).[2]
Herein, using synergistically experimental and theoretical information, from kinetic,[3]
mikrokinetic and theoretical studies, either in stoichiometric or catalytic conditions, we
unambiguously disproved the alternative cycle. The mechanistic knowledge allowed to clarify the
reasons behind the initially poor catalytic performance using polifluorinated aryls as reagents. The
delusive interference of several out-of-cycle Pd‒Sn molecular species, that were fully
characterized, ultimately provokes the catalyst decay and the competitive formation of sideproducts. The knowledge acquired leads to the rational choice of additives and the subsequent
raising of the catalytic results to quantitative yields.[4]

Scheme 1. Classical Stille cycle (I), and alternative pathway (II) proposed for the aryl‒alkynyl
coupling, using PN ligands.
References
[1] Cordovilla, C.; Bartolomé, C.; Martínez-Ilarduya, J. M.; Espinet, P. ACS Catal. 2015, 5, 3040–
3053.
[2] Shirakawa, E.; Yoshida H.; Hiyama, T. Tetrahedron Lett. 1997, 38, 5177–5180.
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Olefin metathesis catalyzed by Ru-, Mo and W-alkylidenes has been applied to produce a
large variety of products, including commodity chemicals, pharmaceuticals, and advanced
materials.[1] However, the substitution of the expensive Ru, Mo and W by the cheaper and more
abundant first-row transition metals is desirable to decrease the environmental footprint.
Unfortunately, only a few first-row transition-metal complexes demonstrate the capacity to
perform olefin metathesis. [2] Among 3d transition metals, vanadium carbenes have been the
most developed for olefin metathesis and some vanadium complexes have been applied to the
ring-opening metathesis polymerization (ROMP) of cyclic olefins, showing high activity and
selectivity.[2a] Nevertheless, these complexes exhibit low productivity toward acyclic terminal
olefins due to catalyst deactivation in presence of ethylene.
In the last years, the group of Bukhryakov has synthetized several vanadium oxo and imido
alkylidenes containing a phosphine or a N-heterocylic carbene as neutral ligand.[3] These
complexes show much higher productivity toward the ring closing reaction of terminal dienes due
to a decrease of the feasibility of the -hydride elimination at the metallacyclobutane reaction
intermediate. In this contribution, we will focus on how DFT calculations allows understanding the
observed reactivity (catalyst activity and stability) of the most recently synthetized compounds,
which allows assisting the development of new vanadium complexes with improved catalyst
activities. [3]
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Metal-catalyzed asymmetric hydrogenation is a powerful and sustainable method for
preparing chiral compounds due to its perfect atom economy.[1] It represents around 10% of all
chemical steps in the production of pharmaceuticals, flavours, agrochemicals and fine chemicals.
However, most catalysts are only tested in benchmark substrates, eluding challenging ones that
would yield to more appealing compounds.[1] Here I present the work of my group in the design
of improved generation of catalyst libraries for the asymmetric hydrogenation of elusive and
challenging substrate such as cyclic -enamides, exocyclic olefins and tetrasubstituted olefins
among others.[2] Their hydrogenation led to the formation of important chiral synthons, such as
aminotetraline and aminochromanone derivatives, which can be found in numerous therapeutic
agents and biologically active natural products (e.g. rotigotine, alnespirone,...), whose synthesis
has been performed using methods that produce large amounts of chemical waste, are limited in
substrate scope and usually require long reaction times and produce the enantiopure materials
in low yields. Additionally, the catalytic performance of our catalysts was maintained when the
environmentally benign 1,2-propylene carbonate was used as solvent allowing the catalysts to be
recycled. Finally, to note that our families of catalysts presents the advantages of a simple and
modular architecture, they have been synthesized in a few steps from unexpensive starting
materials and are solid and stable to air and therefore easy to handle. The combination of
computational studies and NMR spectroscopy, together with the analysis of the catalytic results
were crucial to identify the species responsible for the catalytic performance, to rationalize the
catalysts' structure, and to ensure the finding of optimal catalyst.
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Organosilanes are attractive candidates to be potential hydrogen molecular storage agents
because most of them are easily storable. The hydrolysis of the Si–H bonds is thermodynamically
favorable, unfortunately this reaction is very slow and for this reason, catalytic system based in
metals as for example iridium have been developed.[1]
We report here a highly efficient Ir(III) catalyst,[2] to perform the catalytic hydrolysis of tertiary
silanes leading to the formation of dihydrogen gas and silanols. This cationic iridium(III) compound
can be used to carry out the alcoholysis of triethylsilane using different alcohols, including a
secondary alcohol such as isopropyl alcohol.
Kinetic studies of the reaction of hydrolysis of triethylsilane were used to determinate the
activation barriers for this process. The hydrolysis of Et3SiD instead of Et3SiH served to find the
biggest kinetic isotopic effect that involves Si–H/D bonds observed to date (KIE= kSi-H/kSi-D=
346).[3] This unexpectedly high KIE, measured at room temperature, together with the calculated
Arrhenius preexponential factor ratio (AH/AD = 0.0004) and difference in the observed activation
energy [(EaD–EaH) = 34.07 kJ·mol-1] are consistent with the participation of quantum tunnelling in
the catalytic process.[4] DFT calculations have been used to unravel the reaction pathway and
identify the rate-determining step. Finally, isotopic effects were considered by different methods,
and tunnelling effects have been calculated to be crucial in the process.
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The use of hydrogen as an energy vector presents several issues that need to be
addressed in order to implement its use on a global scale. In particular, the use of LOHC (liquid
organic hydrogen carriers) has been proposed as a viable solution to problems related to its
storage and transportation. Among them, formic acid has emerged as a promising LOHC owing
to the fact that it presents a higher volumetric energy density and hydrogen content than
compressed hydrogen.
This presentation will deal with the synthesis of new catalysts that feature heterotopic
ligands based on NHC (N-heterocyclic carbene) and NHO (N-heterocyclic olefin) ligands [1-4].
The activity of these catalysts on the dehydrogenation of formic acid, and the proposed reaction
mechanisms, based on DFT and experimental data, will be discussed.
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Despite some limitations such as long-term side effects or the potential presence of intrinsic or
acquired resistance,[1] platinum compounds are key therapeutic components for the treatment of
several solid tumors. To overcome these limitations, maintaining the same efficacy,
organometallic ruthenium(II) compounds have been proposed as a viable alternative to platinum
agents as they have a more favorable toxicity profile and represent an ideal template for both,
high-throughput and rational drug design.[2] To support the preclinical development of bisphoshino-amine ruthenium compounds in the treatment of breast cancer, we carried out chemical
modifications in the structure of these derivatives with the aim of designing less toxic and more
efficient therapeutic agents. We report new bis-phoshino-amine ligands and the synthesis of their
ruthenium counterparts. The novel ligands and compounds were fully characterized, water
stability analyzed, and their in vitro cytotoxicity against a panel of tumor cell lines representative
of different breast cancer subtypes was evaluated. The mechanism of action of the lead
compound of the series was explored. Lipid-based formulations of the lead compound were also
evaluated. Finally, in vivo toxicity was assessed. The results obtained might pave the way for the
clinical development of these compounds in breast cancer therapy.
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Intrinsic properties of metals determine adsorption energies on their surfaces, which is
extremely important to understand the catalytic properties of metal based catalysts. Theoretical
methods have allowed to rationalize these properties by finding correlations as scaling relationships,
volcano plots and cliff shapes.[1] In order to circumvent these dependencies it is essential to break the
scaling relationships by creating complexity in the catalytic materials.[1] Several strategies have been
emerged in the last years, including alloyed systems, singleatom catalysts, modification of the metallic surface with
adsorbates, among others, which have permitted to access
new reactivities, and to certain extent to bridge the gap
between the classically labelled heterogeneous and
homogeneous catalysis fields.
In our research, intertwining theoretical and
experimental work, we have focused on the modification of
metallic surfaces by the addition of a second metal, a
coordinating ligand, or a combination of both, to understand
the effect of these adsorbates in the outcome of the catalytic
reactions; additionally, we have explored the reactivity of
single-atom materials as catalysts. In this sense we have
developed a family of hybrid materials, allowing obtaining
from ultra-small Ru NP to ordered materials in a precise
manner.[2] Also, the control of the electronic properties of the
ligands present on the surface allows to understand and
modulate the activity and selectivity of ruthenium NP used as catalysts in several hydrogenation
reactions.[3, 4] Finally, ruthenium nanoparticles can be finely tuned by adding a second non precious
metal. These bimetallic nanoparticles have been successfully used as catalysts in the selective 5hydroxymethylfurfural hydrogenation, which is a promising intermediate for the synthesis of a wide
variety of chemicals and alternative fuels based on bio-refinery.[5]
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The control of the reactivity/selectivity/stability of an active catalytic site is often achieved
by tuning the metal first coordination sphere. However, a complementary and powerful tool to
make a better chemo- regio- and stereo- control is tailoring the secondary coordination sphere by
employing well-defined and discrete host cavities, resembling enzymatic catalysis.[1]
Supramolecular hosts are ideal systems to mimic the active site of enzymes since they offer
unique microenvironments that are not available in conventional molecular chemistry.[2] Using
appropriate host-guest interactions inside self-assembled reaction nanovessels results in
remarkable reactivity, reaction rate enhancements and product selectivity –overcoming traditional
chemical systems.[3]
In this communication, we will report our group's recent progress[4] in developing novel
supramolecular nanovessels of appropriate dimensions and properties for the encapsulation of
both organometallic species and coordination compounds. Depending on the organic linker used
different types of supramolecular self-assembled scaffolds are obtained, namely, nanocapsules,
nanocages and interlocked nanocages (Figure 1). These supramolecular structures can
encapsulate organometallic species and alter the chemical and electronic properties of the
organometallic guest. We will also account for our solution NMR and hydrodynamic studies, hostguest binding affinities, reactivity, and X-ray diffraction studies on these supramolecular hostguest organometallic systems.

Figure 1. Host-guest organometallic systems and supramolecular nanovessels.
References
[1] M. Morimoto, S. M. Bierschenk, K. T. Xia, R. G. Bergman, K. N. Raymond, F. D. Toste, Nat.
Catal. 2020, 3, 969-984; D. M. Kaphan, M. D. Levin, R. G. Bergman, K. N. Raymond, F. D. Toste,
Science 2015, 350, 1235-1238; J. Meeuwissen, J. N. H. Reek Nature 2010, 2, 615-621. [2] M.
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The introduction of nitrogen functionalities into organic structures has attracted huge interest in
the development of new methodologies given their ubiquitous occurrence in pharmaceuticals and
natural products.1 In this line, the construction of C–N bonds via direct C–H activation has been
widely studied within the last decades. Among all aminating reagents, organic azides constitute
an attractive N-source due to its 2e- oxidant character with concomitant extrusion of inert N2.
Although this field has been dominated by the use of noble metal catalysis, the development of
more sustainable methodologies using M-nitrenoid species with first-row transition metals such
as cobalt, has recently become a hot topic.2 Although Cobalt-catalyzed C-H amination via Mnitrenoid species is governed by the use of low valent cobalt systems,3 few examples are reported
on direct C–N bond formation through C–H activation involving putative high-valent Co platforms.4
Understanding this process at a molecular level is a challenging task and herein, we present a
well-defined macrocyclic system featuring an Oh aryl-CoIII species that reacts with aliphatic azides
to effect the intramolecular C–N bond formation. Despite the elusiveness of the putative formal
aryl-Co-nitrenoid intermediate species, we propose a carboxylate masked-nitrene as a shortcut
to stabilize and guide the reaction to a productive intramolecular C–N bond formation.
Intermediate CoIII complexes featuring the aryl-N bond already formed have been crystallized
and, together with a thorough DFT study, a plausible mechanism is proposed where the instability
of the Oh aryl-CoIII-nitrene species is tamed by the ability of this cobalt system to redirect the C–
N bond formation through a carboxylate-masked CoIII-nitrene species.
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Cross-coupling reactions mediated by transition metals are a powerful tool for the
formation of Carbon-Carbon bonds, they are versatile and provide a wide field of application in
organic synthesis.[1] One of the most important and well-known is the Heck Reaction.
By far, Palladium (Pd) is the most efficient metal to carry out the Heck Reaction. However,
the scarcity of this element, and the strong increase in its cost in recent years, makes it advisable
to search for alternative catalysts, based on the use of other more abundant and less expensive
metals. Among these alternatives, Nickel (Ni) is positioned as the most obvious replacement since
both elements share similar and critical chemical characteristics for the process.[2]
Despite the lower catalytic efficiency of Ni with respect to Pd at present,[3] the truth is that
an important part of the promotion of this catalysis is the presence of organic ligands that stabilize
the metal, providing different reactivity, being able to direct them, towards levels of catalysis not
attainable by the metal alone.
Among all the possibilities of hybrid ligands that currently exist, we focus on a series of
Imino-Phosphine Ligands (PN Ligands) with different reactivities and developed in our research
group. These can stabilize the Ni(0) complexes and incorporating them as a precursor in the Heck
Reaction, completing the catalytic cycle.

References
[1] B. Vulovic, D. A. Watson. Heck-Like Reactions Involving Heteroatomic Electrophiles. Eur. J.
Org. Chem. 2017, 4996-5009
[2] S. A. Tasker, E. A. Standley, T. F. Jamison. Nature, 2014, 509, 299-309
[3] B-L. Lin, L. Liu, Y. Fu, S-W. Luo, Q. Chen, Q-X. Guo, Organometallics, 2004, 23, 2114-2123
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UNRAVELLING THE CHEMISTRY OF NICKEL
PENTAFLUOROORTHOTELLURATE DERIVATIVES
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Nickel fluorides and their related anions are well-known species, whose chemistry has
been thoroughly studied over the years.[1] The special properties of the pentafluoroorthotellurate
group (teflate, OTeF5) make it a unique ligand, which is able to stabilize species that are usually
the only known analogues of the corresponding fluoride.[2] However, its coordination to nickel has
remained elusive for decades. The anion [Ni(OTeF5)4]2– was mentioned in a review in 1993, yet
no experimental details were provided.[3] In fact, it was not until 2018 when our group reported
the first nickel teflate complexes.[4]
Here we present our most recent results on nickel derivatives containing the OTeF5 ligand,
with special emphasis on the homoleptic anion [Ni(OTeF5)4]2– (see Figure 1), which has been
cleanly synthesized and investigated for the first time. This compound allowed to perform an
unprecedented study of the ligand-field properties of the teflate group, which remained
unexplored until now. The nature of the labile Ni–O bonds will be analyzed, as well as the
suitability of this and other species as starting materials to access nickel complexes in higher
oxidation states. Eventually, the extension of our methodology to other 3d transition metal teflate
derivatives will be discussed.

Figure 1. Molecular structure of [Ni(OTeF5)4]2– (thermal ellipsoids set at 50% probability), as
determined by single-crystal X-ray diffraction.
References
[1] A. Haupt. Organic and Inorganic Fluorine Chemistry, de Gruyter, Berlin/Boston, 2021, pp. 235245.
[2] a) M. Gerken, H. P. A. Mercier, G. J. Schrobilgen. Advanced Inorganic Fluorides; T. Nakajima,
B. Žemva, A. Tressaud, Eds., Elsevier, Lausanne, 2000, pp. 117-174. b) K. Seppelt, Angew.
Chem. Int. Ed. Engl. 1982, 21, 877-888.
[3] S. H. Strauss. Chem. Rev. 1993, 93, 927-942.
[4] S. Hämmerling, L. Mann, et al. Z. Anorg. Allg. Chem. 2018, 644, 1047-1050.
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ARYL THIOETHER - ARYL NITRILE METATHESIS: A MECHANISTIC
SURVEY
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Functional group metatheses, reactions which enable the exchange of different functional
groups between two given molecules, are an emerging field with promising synthetic applications.
Fundamental mechanistic understanding of these reactions, especially the key functional group
transfer step, is still lacking. As such, we undertook a detailed mechanistic study of a nickelcatalyzed functional group metathesis between aryl nitriles and aryl thioethers.[1]

Our studies invalidated a mechanism via reversible migratory insertion of a Ni(II)-aryl
species into the C≡N bond of the aryl nitrile. Instead, evidence supporting a mechanism involving
a transmetalation between two independently generated oxidative addition complexes was found.
With Eyring analysis and labelling experiments, we demonstrated that the transmetalation
proceeds through an associative mechanism in which the cyano and methylthiolato ligands are
exchanged. Furthermore, the oxidative addition complex of the aryl nitrile was found to be the
resting state of the catalyst, while the oxidative addition into the aryl-SMe bond of the thioether is
the turnover-limiting step. These findings allowed for the uncovering of a new deactivation process
that has led to an improved catalytic protocol.[2]
References
[1] T. Delcaillau, P. Boehm, B. Morandi J. Am. Chem. Soc. 2021, 143, 3723-3728.
[2] P. Boehm*, P. Müller*, P. Finkelstein, M. A. Rivero-Crespo, M.-O. Ebert, N. Trapp, B. Morandi,
submitted.
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Ni(I)-ALKYL COMPLEXES BEARING PHENANTHROLINE LIGANDS:
EXPERIMENTAL EVIDENCE FOR CO2 INSERTION AT Ni(I) CENTERS
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Although considerable attention has devoted towards the development of Ni-catalyzed
reductive carboxylation methodologies involving organic (pseudo)halides and carbon dioxide, its
mechanism is poorly understood.
Studies using aryl (pseudo)halide substrates suggest that CO2 into Ni(I)C bonds is a
crucial elementary step.[1] However, no Ni(I)-alkyl complexes bearing phen ligands, crucial for a
wide number of reactions,[2] have been structurally characterized or spectroscopically observed.
We investigated the synthesis and CO2 insertion reactivity of the first Ni(I)-alkyl complexes
bearing catalytically relevant phen ligands and obtained experimental evidence for the rapid
insertion of CO2 into Ni(I)C bonds, a long-presumed key step in the catalytic reductive
carboxylation of alkyl (pseudo)halides.[3]

References
[1] R. J. Somerville, R. Martin. Nickel Catalysis in Organic Synthesis: Methods and Reactions.
Wiley‑VCH Verlag GmbH & Co. KGaA, 2019, 285-330.
[2] F. Juliá-Hernández, F. T. Moragas, J. Cornella, R. Martin Nature 2017, 545, 84-88.
[3] R. J. Somerville, et al. J. Am. Chem. Soc. 2020, 142, 10936-10941.
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SYNERGYSTIC MAIN GROUP CATALYSIS; COOPERATIVE
ALUMINIUM/BORON CATALYSIS FOR ALKENE HYDROBORATION
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Aluminium and boron hydrides are emerging as sustainable catalysts for alkene
hydroboration with pinacolborane (HBpin).[1-5] Whilst catalytic systems with both elements share
the same proposed mechanism (hydroelementation of the alkene followed by σ-bond metathesis
with HBpin), there are contrasting challenges for each element. Hydroboration of alkenes with
neutral hydridoboranes readily occurs at room temperature,[6] whereas hydroalumination does
not.[7] Conversely, alkyl aluminium species react with HBpin, via σ-bond metathesis, at room
temperature,[2] whereas organoboranes require elevated temperatures for the same reaction.[1, 8]
Thus, catalysing alkene hydroboration under mild conditions with main group catalysts remains
challenging.
We have developed a unique catalytic manifold that enables the hydroboration of monosubstituted and prochiral 1,1-disubstituted alkenes with HBpin at room temperature, giving
promise for asymmetric applications. Mechanistic investigations revealed the in situ generation of
an aluminium hydride-bridged borane adduct. 1H and 11B NMR spectroscopy, kinetic analyses
and single-turnover reactions show this bridged adduct to be catalytically active and unveil the
importance of aluminium/boron adducts in this system. Further, these experiments reveal an
alternative mechanism whereby alkene hydroelementation is mediated by the in situ generated
borane to give an alkyl borane intermediate. Boron/aluminium exchange with an aluminium
hydride provides an alkyl aluminium species which readily exchanges with HBpin to give the
product boronic ester. In both cases, the catalytically relevant E-H (E = Al or B) bond is
regenerated. The alkyl transfer from boron to aluminium thus enables a synergistic catalyst
system whereby each step of the mechanism (hydroelementation and exchange) can occur at
room temperature.
References
[1] N. Ang, C. Buettner, S. Docherty, A. Bismuto, J. Carney, J. Docherty, M. Cowley and S.
Thomas, Synthesis, 2018, 50, 803–808.
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[3] F. Li, X. Bai, Y. Cai, H. Li, S. Zhang, F. Liu, X. Hong, Y. Xu and S. Shi, Org. Process Res.
Dev., 2019, 23, 1703–1708.
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10536.
[5] A. K. Jaladi, W. K. Shin and D. K. An, RSC Adv., 2019, 9, 26483–26486.
[6] H. Brown and B. C. Rao, J. Org. Chem., 1957, 22, 1136–1137.
[7] K. Ziegler, H. Gellert, H. Martin, K. Nagel and J. Schneider, Justus Liebigs Ann. Chem., 1954,
589, 91–121.
[8] J. H. Docherty, K. Nicholson, A. P. Dominey and S. P. Thomas, ACS Catal., 2020, 10, 4686–
4691.
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Heterobimetallic systems utilising the cooperativity of a highly polar alkali-metal amide and
a lower polar metal amide (e.g. Al, Zn or Fe) have emerged as a powerful class of reagents for
the selective deprotonation of arenes.[1] Previous rationalisation of the underlying mechanism for
cooperativity was reported for the reaction of 3-fluoroanisole with LiAl, wherein a stepwise
mechanism was proposed.[2] On the contrary, for the reaction of pyrazine with LiZn, a concerted
mechanism through a co-complexation intermediate was proposed.[2] Mechanistic studies on the
direct zincation of benzene have also been reported, although the chemical models chosen for
the constitution of the bimetallic base in the computational studies were rather simple compared
to the experimental system.[3] This can lead to deceptive conclusions as we have recently shown
for NaFe bimetallic systems, where very bulky bases favour deprotonation of pentafluorobenzene
forming a sodiation intermediate, followed by the sequential transmetallation between Na and Fe
instead of the direct ferration.[4]
In this oral communication, I will present our recent theoretical insights on the cooperation
of [Na(HMDS)] and [Fe(HMDS)2] (HMDS = hexamethyldisilazide) to demonstrate the importance
of this bimetallic partnership as observed in experiments, which show that neither Na nor Fe
amides are able to achieve deprotonative ferration of pentafluorobenzene alone.[4] An
unexpected reaction pathway uncovering the cooperativity of Na and Fe in a synchronised
manner will be conveyed during the presentation together with the key roles that both Na and Fe
play in this reactivity. In addition, I will show how this newly found knowledge has led to the rational
design of novel NaFe complexes with [Na(TMP)] (TMP = 2,2,6,6-tetramethylpiperidine), allowing
the ferration of less activated substrates such as anisole and toluene (see Figure), which were
confirmed by experimental studies. Overall, this novel NaFe system provides direct regioselective
C–H activation metalation reactions at room temperature, creating a valuable tool in organic
synthesis, which quantitatively and cleanly produces the desire ferrated product.

Figure 1. Ferration of toluene with equimolar [Na(TMP)] and [Fe(HMDS)2].
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Main-group metal compounds are of interest in organic chemistry since they can perform
many catalytic transformations.[1] However, the applications of group 2 metal compounds in
homogeneous catalysis are scarce, particularly in the functionalization of unsaturated nonpolarized bonds.[2] In this context, the hydroboration of alkynes using group 1 and group 2 metal
catalysts is an attractive alternative to transition metals for obtaining vinyl boronates (Figure
1A,B).[3] These organoboron compounds are stable vinyl synthons, widely used for preparing
complex organic compounds and natural products.[4]
In this communication, we will report the use of novel dinuclear organomagnesium
compounds, stabilized by N-donor macrocyclic ligands, catalyzing the regioselective
hydroboration of aromatic alkynes with pinacolborane (HBPin) to give E-vinyl boronates (Figure
1C).[5] These results contrast with the previous monometallic reactivity of organolithium and
organomagnesium catalytic systems. We will also discuss the reaction scope and mechanistic
insights into dinuclear magnesium catalysis.

Figure 1. Hydroboration of alkynes catalyzed by group 2 metal compounds.
References:
[1] C. Weetman, S. Inoue, ChemCatChem 2018, 10, 4213-4228. [2] Early Main Group Metal
Catalysis: Concepts and Reactions (Ed.: S. Harder), Wiley‑VCH, 2020. [3] a) M. Magre, B. Maity,
A. Falconnet, L. Cavallo, M. Rueping, Angew. Chem. Int. Ed. 2019, 58, 7025-7029; b) D. Yan, X.
Wu, J. Xiao, Z. Zhu, X. Xu, X. Bao, Y. Yao, Q. Shen, M. Xue, Org. Chem. Front. 2019, 6, 648653. [4] I. A. I. Mkhalid, J. H. Barnard, T. B. Marder, J. M. Murphy, J. F. Hartwig, Chem. Rev.
2010, 110, 890-931. [5] Manuscript in preparation.

257

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S06-FP09

MAPPING THE ELECTRONIC STRUCTURE AND THE REACTIVITY
TRENDS FOR STABILIZED α-BORYL CARBANIONS
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The chemistry of stabilized α-boryl carbanions show a remarkable diversity, and
can enable many different synthetic routes towards efficient C-C bond formation.[1] The
electron-deficient, trivalent boron center stabilizes the carbanion facilitating its
generation and tunning its reactivity. We describe here the electronic structure and the
reactivity trends of a large dataset of α-boryl carbanions. We use DFT-derived
parameters for capturing their electronic and steric properties, computational reactivity
towards model substrates, and crystallographic analysis within the Cambridge Structural
Dataset. This study maps the reactivity space by systematically varying the nature of the
boryl moiety (Scheme 1a), number of α-boryl motifs (Scheme 1b), the substituents of the
carbanionic carbon (Scheme 1c), and the metal countercation (Scheme 1d). This trend
map aids the selection of the appropriate reactive synthon depending on the sought
reactivity.[2]

Scheme 1. Analysis of structural features influencing the nature of the α-boryl
carbanions.
[1] Maza, R. J.; Carbó, J. J.; Fernández, E. Adv. Synth. Catal., 2021, 363, 2274.
[2] Maza, R.J., Fernández, E.; Carbó, J. J. Chem. Eur. J., 2021, 27, 1235.
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Metal hydrides are a well-established reactive intermediates. The hydride
functionality can be hidden in the form of borohydride which has a rich coordination
chemistry.1 The versatility of BH4- allows to stabilize the transition metal (TM) complexes.
In f-block chemistry, metal borohydrides are valuable precursors to prepare more
elaborated complexes. Hence, the BH4- ligand can be understood as a pseudohalide.
Recently, a few examples of main group elements mimiking TM chemistry has
been reported.2 The aluminium-containing compounds respresents an eco-friendly
alternative to TM complexes. Aluminium-based hydrides are known to be good
alternative as the hydrides catalysts.3 Similar to TM, the aluminium hydrides can be
hidden in the form of borohydride analogue. They have found applications as hydrgoen
storage materials or reducing agents. Even though aluminoborates are known for long
time, its chemistry has been barely explored. Due to the high ionic character of the AlBH4 interactions, we were prompted to mimick the pseudohalide behaviour of BH4 in rare
earth metals complexes to aluminoborates.
Herein, we demonstrate role of BH4 as leaving group by reacting a β-diketiminate
boralumane towards neutral and ionic nucleohpiles. It represents the first synthetic
protocol which allows to get substituted aluminoborates and an alternative route to
functionalize alumanes.
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[1] Besora, M.; Lledós, A., Coordination modes and hydride exchange dynamics in
transition metal tetrahydroborate complexes. In Contemporary Metal Boron Chemistry I,
2007; pp 149-202.
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[3] Roy, M.M.D., Omaña, A. A., Wilson, A.S.S., Hill, M.S., Aldridge, S., Rivard, E.,
Molecular Main Group Metal Hydrides, Chem. Rev., 2021 doi:
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Functionalized alicyclic amines represent one of the most important classes of compounds
in drug discovery (Figure 1).1 Thus, their synthesis is in high demand. However, current methods
to obtain such compounds are limited to amine protecting group strategies or involve
organometallic reagents that can compromise the functional group tolerance.2
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Figure 1. Representative -functionalized cyclic secondary amines
Here, we report a novel approach for the synthesis of -functionalized cyclic secondary
amines via copper catalysis which promotes a regio-, stereo- and chemoselective coupling
between allenes, bis(pinacolato)diboron and O-benzoyl hydroxylamines.3 DFT, and NMR studies
confirm that the a-situ generated alicyclic imine is trapped by a catalytic boron-substituted
allylcopper intermediate, where the addition of a catalytic amount of Lewis Base delays its
competing reaction with the O-benzoyl hydroxylamine, thus enabling selective C-C coupling
(Figure 2). Straightforward derivatizations of the related borylated N-heterocycles allow access to
a wide variety of functionalized -substituted N-heterocycles.
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Figure 2. Cu-catalyzed borylative -C-H allylation of alicyclic amines
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Gold(I) vinylidenes have been proposed as potential intermediates in gold-catalyzed
transformations in the last years.[1] However, their high reactivity has hampered the direct study
of this particular type of metal carbenes.[2] Only one gold(I) vinylidene stabilized by two silyl groups
has been characterized by NMR, whose structure is different from species proposed as genuine
catalytic intermediates.[3]
Our group had characterized highly reactive gold(I) carbenes, which were formed from
stable gold(I) carbenoids.[4]. Now, we have developed a method to synthesize a family of gold(I)
vinylidenoids from simple gold(I) chloride complexes, which react with GaCl3 at -90ºC to form (2diarylacetylene)gold(I) complexes via 1,2-aryl migration. The NMR study of this reaction with 13C
labelled gold(I) vinylidenoid complexes, combined with DFT studies, allowed us to obtain
evidence of the nature of the intermediates and mechanism of this transformation.
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Supramolecular chemistry has emerged as a more efficient tool for the construction of the ligand
backbones of metal catalysts than standard covalent chemistry. This approach has been
successfully employed for preparing catalysts by assembling complementary building blocks
through hydrogen bonding,[1] metal-ligand,[1] ionic[1] or halogen bonding interactions.[2] On the
other hand, phosphorus compounds have played and still play a crucial role in homogeneous
catalysis[3] due to their special ligating properties that generate stable complexes with diverse
metal precursors that are active in pivotal catalytic transformations.
It is well known that the role of the counterion in cationic metal-catalyzed reactions is
usually crucial, as it can modify the catalytic features of organometallic complexes. Their influence
in the regioselectivity or reaction rates of numerous reactions has been demonstrated.[4]
Herein, we present our efforts to the design, characterization and catalytic study of new
supramolecular transition metal-based complexes which are assembled via halogen bonding
interaction using two simple phosphorus-based building blocks. Furthermore, we present the
study of the electronic and structural effects of the counterion in our Rh(I) complexes. To this end,
hydroboration reactions of terminal alkynes has been tested, in which the branched products are
preferably obtained.
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COOPERATION TO PHOTOCATALYSIS
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Our group’s longstanding interest is in the development of new ligand platform for selective bond
activation. We focused our attention on naphthyridine as a versatile fragment for building up both
binucleating and mononucleating ligands. Naphthyridine is well-known for its ability to bridge
between two metals forming close metal-metal distances, which gave us inspiration to use it for
selective formation of heterobimetallic complexes using the concept of unsymmetrical ligand
scaffold with soft and hard terminal groups. This eventually allowed us to obtain a series of
heterobimetallic Pt/Cu complexes what allowed us to shed light on the mechanisms of bimetallic
cooperation in bond activation.[1] We showed the importance of metal-metal interactions and
cooperation in transmetalation and C-H bond activation in alkynes and rollover cyclometalation
using Pt/Cu complexes and studied metal-metal cooperation via NBO and QTAIM analyses.
While studying coordination chemistry of naphthyridines with Ni, we eventually discovered that,
by contrast to Pt/Cu examples, simple and substituted naphthyridines tend to form mononuclear
Ni complexes.[2] when bis-trifluoromethyl Ni precursor was used. Moreover, these complexes
could be easily oxidized by air to give rare examples of aerobically formed, stable Ni(III) bistrifluoromethyl complexes. Furthermore, we then studied their reactivity in light-induced homolysis
confirmed by radical trap studies. This led to the development of several versatile synthetic
protocols for Ni-catalyzed, photoinduced C-H bond trifluoromethylation using either the Umemoto
reagent or a combination of Langlois reagent with an oxidant in the presence of blue LED light at
room temperature. A number of electron-rich simple arenes or heterocycles (pyrroles, indoles)
could be trifluoro methylated under these conditions. This is a rare example of photoinduced
catalytic trifluoromethylation of C-H bonds in which only Ni catalyst is used in the absence of
precious metal-containing photoredox catalysts.[3].

Figure 1. (a) Schematic representation of metal-metal cooperation for small molecule activation.
(b) High valent Ni(III) catalyze trifluoromethylation reactions.
References
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LIGAND: SYNTHESIS, RESOLUTION AND ASYMMETRIC CATALYSIS
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Chiral complexes are an essential tool as chiral catalysts
in
asymmetric
synthesis.[1] Usually, chiral transition metal
N
C
catalysts locate their chiral motif on the ligands, in the vicinity
Rh
of the metal center thus inducing chirality in catalytic processes
to a greater or lesser extent. In a complementary way, we[2] and
others,[3] are exploring during the last few years how chiral
transition metal complexes with stereogenic metal centers are
able to transfer chiral information to catalytic products with high
P
efficiency. These complexes are synthesized employing only
achiral ligands, the metal center being the unique chiral motif.
The successful application of this type of metal complexes to a
wide variety of catalytic processes has led to a considerable
expansion of the asymmetric catalysis toolbox.
In this work we describe the completely diastereoselective
synthesis of the chiral complexes [RhCl2(κ4-C,N,O,P-L-H)] (1) and
[Rh(κ4-C,N,O,P-L-2H)(NCMe)2][SbF6] (2) containing a new tripodal
tetradentate ligand. Resolution of the racemic mixture of 2 has
been achieved through kinetic resolution using enantiopure (S)-2(4-isopropyl-4,5-dihydrooxazol-2-yl)phenol as chiral auxiliary. The
results obtained in the application of these complexes in FriedelCrafts and hydrosilylation reactions are also reported. In these
catalytic processes, the metal not only acts as a source of chirality
but also cooperates with the ligand in the activation of the
substrates.

X-ray diffraction
structure for cation 1
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POTENTIAL ANTICANCER DERIVATIVES
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Heterobimetallic compounds are designed to exploit the chemistry and the beneficial
effects shown by distinct metal species. [1] Based on the combined anticancer properties of
several Ruthenium and Gold compounds, [2] the heterobimetallic ruthenium(II)-gold(I) complexes
were obtained with the aim of investigating whether multifunctional heterometallic compounds
could be promising candidates for cancer treatment.
The new complexes were synthesized starting from ruthenium(II) precursors bearing
bidentate nitrogen donor heterocyclic ligands, specifically [Ru(bpy)2Cl2] (1) and [Ru(phen)2Cl2] (2)
(bpy = 2,2’bipyridine or phen = 1,10-phenanthroline). Both ruthenium(II) and gold(I)
organometallic fragments were incorporated through linkers trifunctional diphosphane methanide
ligands (Scheme 1).
The resulting complexes have been studied by analytical and spectroscopic techniques
(ESI-ms, IR and heteronuclear bidimensional NMR). The cytotoxic activity of these complexes in
cancer cells have been studied and in addition, as they have luminescent properties,
biodistribution studies in order to know the possible biological target have been performed.
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DUAL METAL PHOTOCATALYTIC ACTIVATION OF INERT
CHLOROALKANES FOR THE REDUCTIVE CROSS-COUPLING WITH
AROMATIC ALKENES
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Recent photoredox catalytic methodologies based on the visible-light-induced generation
of reactive radicals have allowed the construction of a large variety of selective C-C bonds.1 Most
of these protocols are limited to highly active aryl and alkyl bromides and iodides as coupling
partners.2 The inertness of chloroalkanes has precluded them as prevailing coupling partners in
both conventional and photocatalytic cross-coupling reactions. In fact, few examples of using
unactivated alkyl chlorides as building blocks have been developed, presenting limitations in their
applicability for a general methodology.3
In the last years, our research group has been focused on the understanding of visible light
photo-induced generation of radicals, using a dual bimetallic system based on earth-abundant
metals. Specifically, we studied the effect of multidentated N-based ligands in low-valent Ni or Co
intermediates for the cleavage of unactivated C-Cl bonds, achieving dehalogenation of
chloroalkanes or an intramolecular reductive cyclization with tethered alkenes/alkynes.4
Herein, we go one step further taking advantage of the baggage in this field. We disclose
the development of a novel photoredox-catalyzed reductive cross-coupling reaction, using inert
chloroalkanes and styrene derivatives as coupling partners. The general applicability of this
methodology to a large and diverse scope of chloroalkanes allows using inert alkyl chlorides as
an interesting coupling partner for C-C bond formation in organic synthesis.
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GOLD NANOPARTICLE-CATALYSED FUNCTIONALIZATION OF
NON-ACTIVATED C−H BONDS BY CARBENE TRANSFER REACTIONS
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Over the last few decades, carbene transfer reactions from diazo compounds have been
widely studied for the functionalization of a broad variety of substrates. Particularly, the
functionalization of non-activated C−H bonds of hydrocarbons has significantly emerged from the
beginning of this century.[1] Several metals have been reported to catalyse these transformations.
Among them, soluble gold-based catalysts have received increasing attention.[2]
At variance with those successful soluble systems, scarce examples can be found
regarding the use of heterogenous systems. So, no modification of C−H bonds was accomplished
employing gold-based heterogeneous systems.[3] Based on the above, the first example of Au
NPs for Csp3−H and Csp2-H bonds functionalization by carbene insertion reaction is described in
this work, where the nanoparticles are stabilized with IPr-like N-heterocyclic carbene (NHC)
ligands (IPrpyr) and supported on reduced graphene oxide (rGO), resulting in the material 1 (nonsupported nanoparticles of this type are not known).[4] Finally, recyclability is also effective,
reaching an accumulate TON value of 1400 after six consecutive uses in the functionalization of
cyclohexane.
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Photocatalysis under visible light has attracted much attention in the last years, due to the
interest in the use of the visible region of the electromagnetic spectrum for chemical reactions
under mild conditions. It also avoids secondary reactions that can occur by using other irradiation
sources like UV light. Organometallic complexes of Ir(III) or Ru(II) are widely used as
photocatalysts due to their capacity of absorbing light in a broad region of the spectra, and their
stable and long-lived triplet emissions.[1] However, the low natural abundance of these metals and
their high price have promoted the search for ways to heterogenize the catalytical homogeneous
processes, facilitating the photocatalyst recuperation and its reutilization in several catalytical
cycles.[2] In addition, this fact minimizes purification steps on the obtained products.
In this communication, we present the use of the Iridium(III) complex [Ir(dfppy)2(dasipy)]PF6
(dasipy (4,4’-(CONH(CH2)3Si(OCH2CH3)3)2-bipyridine) (Figure 1, A) as starting building block for
the in-situ one-pot synthesis of four hybrid organometallo-silica materials, and the preparation of
a related post-synthetic grafted silica material (Figure 1, B), obtaining discrete nanoparticles, as
well as mesoporous amorphous gels. After characterization of the materials, we have tested their
photocatalytic activity using a standard isomerization reaction (Figure 1, C), which has allowed
us to study the recyclability of these materials, as well as the influence of their textural properties
in the photocatalytic activity.

Figure 1
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The sustainable synthesis of organic molecules and polymeric materials from carbon dioxide
is one of the biggest challenges the scientific community and the chemicals industry are facing.
In this context, the preparation of cyclic organic carbonates and different polymers from epoxides
and carbon dioxide are among the most studied processes for carbon dioxide utilization. The
cycloaddition of CO2 to constrained heterocycles such as epoxides represents the most attractive
route in terms of sustainability and atom-economy (Scheme 1). Indeed, this reaction is
thermodynamically favoured due to the release of the ring-strain energy contained in the epoxide
substrate.[1] Thus, cyclic carbonates can be produced even under room temperature and one bar
CO2 pressure when highly active catalysts are employed.[1] Over the last two decades, several
research groups have focused their attention on the preparation of efficient homogeneous metalbased catalytic systems supported by salen, porphyrin, aminophenolate and others ligands or
organocatalysts which have shown high catalytic activity and selectivity for cyclic carbonates
synthesis.[2] Bifunctional metal systems, which contain both the metal centre and the nucleophile
cocatalyst within the same molecular structure, have been far less studied for the synthesis of
cyclic carbonates, although this type of catalysts could display greater catalytic activity for this
transformation than the two-component catalyst systems.[3]
Iron-based catalyst systems have recently been gaining attention for these reactions. From
both an environmental and economic standpoint, iron is attractive because of its low cost,
abundance, and reduced toxicity in comparison to the other metal-based catalytic systems.[4] In
this work, we design new iron catalytic systems that behave as neutral bifunctional systems that
show high catalytic activity for the fixation of CO2 in cyclic carbonates under mild reaction
conditions. In addition, these iron catalysts have shown excellent catalytic activity for the synthesis
of fully bio-renewable cyclic carbonates by reaction of epoxides from natural sources and CO2.

Scheme 1
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Allylic substitution processes delivering highly congested stereocenters are attractive tools for the
synthesis of valuable synthons of use in the fine-chemical and pharmaceutical chemistry [1]. In
the last 7 years, our group has been interested in these transformations focusing on the
development of new metal-catalyzed, asymmetric methodologies for CO, CS and CN bond
formations [2-4] while forging tertiary tetrasubstituted carbon stereocenters.
Here, we present a detailed mechanistic study of a new type of inner-sphere, Pd-catalyzed
allylic amination based on detailed computational and experimental evidence. Specifically, we
observed the direct interaction between the amine (pronucleophile) and the metal center. 31P
NMR analysis has been crucial for the detection of PdL(allyl)(OBoc) and PdL(allyl)(NHBn) type
species. Combined with HRMS and IR in situ spectroscopy techniques, supportive evidence for
these proposed intermediates and for the evolution of CO2 and tBuOH (cf., OBoc leaving group)
during the reaction has been gathered providing compelling data for the proposal illustrated in
Figure 1.

Figure 1. Proposed inner-sphere, Pd-catalyzed allylic amination of linear carbonates.
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Transition metal-catalyzed cross-coupling reactions using N-tosylhydrazones or diazocompounds as coupling partners have been extensively used over the last years.[1] Ntosylhydrazones can generate non-stabilized diazo-compounds that form highly reactive
palladium carbene complexes.[2] These carbene species can easily undergo C-C or C-X couplings
affording several C-C or C-X bonds on the final product. Some of the fundamental steps in metalcatalyzed carbene-based coupling reactions are widely accepted: oxidative addition, Ntosylhydrazone decomposition or migratory insertion. However, up to date, detailed mechanistic
investigation about the intermediates of each step is still scarce. Our main goal in this work is the
isolation of intermediate complexes that support the steps proposed in those catalytic cycles
(Figure 1). Isolation of intermediates 3a,b from [Pd(dppe)(Ar)(NCMe)](BF4) complexes (1a,b; Ar
= Ph or Pf) with previously isolated diazo-compounds was successfully accomplished. In this way,
we can experimentally prove that migratory insertion takes place and the coupling of the aryl and
the carbene fragment in a putative palladium-carbene complex occurs. Stoichiometric
experiments starting from N-tosylhydrazones in the presence of 1a,b and base result in the
formation of the N-tosylhydrazonato complexes 2a,b before the in situ generation of the diazocompound from the N-tosylhydrazone. This is relevant to learn about the resting states during the
catalytic processes.

Figure 1. Reactions of Pd-complexes with precursors of carbene fragments.
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The use of Pd precatalysts in cross-coupling reactions provides a better control of the
influence of the ligand during the catalytic cycle. 2-Aminobiphenyl-derived palladacycles
stabilized by dialkylbiaryl phosphane ligands are one of the most successful precatalysts for the
Buchwald-Hartwig amination (BHA), providing fast activation to catalytically active LPd(0) species
under mild reaction conditions.[1] Recently, we have reported that palladacycles derived from 2aminobiphenyl scaffold supported by bulky dialkylterphenyl phosphanes are highly efficient
precatalysts for Pd-catalyzed Buchwald-Hartwig aminations.[2]
Herein, we describe a detailed experimental and computational analysis of the mechanism
of the coupling of N-nucleophiles with aryl chlorides mediated by palladacycle 1 (Scheme 1).
Isolation and structural characterization of major intermediates, as well as energy barriers for the
different steps of the catalytic cycle are provided.

Scheme 1. Proposed catalytic caycle for the BHA of aryl chlorides catalyzed by palladacycle 1.
References
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During the last decades, one of the most acclaimed aims of medicinal chemistry has been
the search for new and more active anticancer drugs. Nowadays, although that objective is still
there, the importance of avoiding collateral effects in cancer treatment has increased
exponentially.
Gold(I) and silver(I) complexes are well known for their antitumor activities[1] and seem to
decrease the cancer treatment side effects.[2] Moreover, complexes of these coinage metals also
present interesting properties in catalysis, being able to promote transformations of organic
species, and opening doors to new synthetic methodologies for potential drugs, as the reaction
products.
Along this work, new thiourea-metal complexes have been synthesized with excellent
anticancer activities for different cancer cell lines (A549, Jurkat, and HeLa).[3] Metal complexes
can also catalyze the cyclization of thioureas, with potential biological activities, to get new and
uncommon organic products with interest in medicinal chemistry. The catalytic load of this kind of
process is as low as 1 mol%, for the first time in the literature.[4]

Figure 1. Different applications of thioureas for medicinal chemistry and catalysis.
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REACTIONS. NEW GENERATION OF IMPROVED CATALYSTS FOR THE
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Pd-catalyzed asymmetric allylic substitution is a powerful and sustainable method for
preparing chiral compounds.[1] However, most catalysts are still only tested in benchmark
substrates, eluding challenging ones that would yield to more appealing compounds. Our group
has taken advantage of the adaptability of biaryl phosphite-based ligands to overcome the
substrate specificity and low nucleophile scope in the this process.[1-3] Here we present our recent
finding in the design of two catalyst libraries, which present the advantages of been synthesized
in a few steps from unexpensive starting materials and are solid and stable to air and therefore
easy to handle. Improving the approaches reported to date, they present a broad substrate and
nucleophile scope.[4,5] Excellent enantioselectivities has been achieved for a broad range of linear
(including challenging unsymmetrical di- and monosubstituted) and cyclic substrates with different
electronic and steric properties, using many C-, N- and O-nucleophiles (70 compounds in total).[4,5]
Furthermore, the combination of computational (DFT) and NMR spectroscopy studies of the key
Pd-complexes provide an explanation on the origin of the enantioselectivity. Finally, the
application of these catalysts for the preparation chiral (poly)carbo- and heterocyclic compounds,
with multiple stereocenters, will be demonstrated by the use of straightforward sequences of allylic
substitution and either ring-closing metathesis or Pauson-Khand reactions.[4,5]

Fig 1. Formation of C-C and C-X chiral bonds with biaryl phosphite-containing Pd catalysts.
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LIGANDS: SYNTHESIS AND CATALYTIC ACTIVITY
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Homogeneous catalysts based on Earth-abundant metals (EAMs) have attracted
increasing attention over the last decade, largely due to the need for the implementation of more
sustainable processes, but also as a consequence of their rich and rather unexplored reactivity.[1]
Cobalt complexes in particular have proved efficient catalysts for a wide variety of homogeneous
processes, showing activity in relevant processes in the chemical industry, e.g., Fischer-Tropsch
reaction, hydroformylation of alkenes, or carbonylation of methanol.
In this work, new ligands that give rise to a chelate coordination through phosphane and
triazole moieties have been synthesized. These ligands were reacted with [CoCp*(CH3CN)][BF4]2
(Cp* = pentamethylcyclopentadienyl) to give the corresponding Co(III) complexes. The structure,
reactivity and catalytic activity of these new complexes will be discussed.
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Antiproliferative Activity
RAPTA-type compounds have been extensively explored for their medicinal properties.[1]
Recently our research group has investigated the significant influence of second metal on the
antiproliferative activity of the RAPTA type complex Ru(6-C10H14)(Cl2)(dmoPTA)].[2] The
antiproliferative activity of these 3 bis-heterometallic complexes [Ru(η6-p-cymene)(Cl)2(µdmoPTA-P,N,N’)- MCl2] (M = Co2+, Ni2+, Zn2+), were studied against colon cancer cell line Caco2/TC7. The results displayed the higher antiproliferative activity of bis-heterometallic complexes
that monometallic species, cisplatin, and RAPTA-C which it demonstrates the significant influence
of the second metal on the antiproliferative properties of these complexes. Despite their large
antiproliferative activity, all the complexes are not toxic against normal cells. Therefore, these bisheterometallic complexes are great candidates to be considered as selective drugs against colon
cancer cells. The study of mechanism of action of complexes against cancer cell lines also
showed that the bis-heterometallic complexes induce a different mechanism of action to inhibit
the cancer cells, that is depends on the nature of second metal that bonded to the CH3NdmoPTA
atoms of dmPTA. This finding opens the door to evaluate other possible combinations, also
considering metals that are not known to be antiproliferative up to date.
In this communication, we present the synthesis and characterization of a new series of bisheterometallic RAPTA-type complexes containing the ligand dmoPTA, and along with Ru the
metals Pd, Cu, and Fe (Fig. 1). The stability studies showed that these compounds are stable
enough to be considered the active species, supporting that antiproliferative activity is strongly
dependent on the metal composition of the bis-heterometal complexes.

Fig 1. Structure of Ru-Pd, Ru-Cu and Ru-Fe bis-heterometallic complexes
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REVISITING THE REDUCTIVE PHOTOCHEMISTRY OF HETEROLEPTIC
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The commonly described reductive cycle of iridium photoredox catalysts,[1] selecting
[Ir(ppy)2bpy]+ (ppy = phenylpyridine, bpy = bipyridine) as our particular model, starts with one
photon absorption to populate the excited state [Ir(ppy)2bpy]+*, which is then reductively quenched
by an external electron donor to form [Ir(ppy)2bpy•].[2] This type of intermediate is the one that has
been generally proposed to promote the reduction of the corresponding substrates, closing the
catalytic cycle. Our group has revisited the formation of this reduced species to clarify its
identification and accumulation.
Nonetheless, other mechanistic cycles have been postulated in recent literature for similar
complexes. On the one hand, a hypothetical second excitation event would produce the extremely
reductive [Ir(ppy)2bpy•]*, which has not been probed before.[3] On the other hand, it has also been
proposed that partial degradation of the ligands results in a new photoactive species which is the
real protagonist of substrate activation.[4] Both mechanisims have been here revisited and we
envision that our results with different heteroleptic iridium complexes can shed light to the current
understanding of reductive photochemistry.
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Flat-shaped cyclic peptides are the basic component of self-assembling peptide
nanotubes.[1] The dynamic behaviour and their biomolecular like composition make this hollow
supramolecular polymer especially suitable for biological applications. In the last years our group
has been working on a variety of different type of nanotube forming cyclic peptides. During this
time, we were interested in tuning the internal and external properties using a variety of nonnatural amino acids. At this respect the use of - or -residues allowed to increase the hydrophobic
properties of the internal pore of the nanotube creating environments appropriated for molecular
encapsulation.[2] On the other hand the use of different type od a-residues allow to change the
nanotube external properties and consequently to modulate self-assembling properties and
conditions in which nanotubes are formed.[3]
In this communication we will describe our latest achievement in developing cyclic peptide
nanotubes whom composition (sequence) can simulate or interfere with relevant biological
functions.
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Metallothioneins (MTs) were discovered in the 50s when looking for a Cd2+-binding protein
in mammalian (horse) kidney. Since then, this ubiquitous and very big family of proteins that are
characterized by their high capability for heavy metal ion coordination (metallo-) and elevated
sulfur, i.e. Cys, content (-thioneins) has attracted much attention, being the protagonist of
thousands of scientific papers.[1] At the beginning, MTs were exclusively considered as detoxifying
agents against toxic metal ions. Afterwards, they have been related to many physiological events
that include, among others, the homeostatic control on Zn2+ and Cu+ essential elements, and the
control of redox processes and oxidative stress. However, nowadays their functionality in living
organisms is still a matter of debate.
Our group has been involved in the study of MTs since the beginning of the 90s. During
the last 30 years we have analyzed the properties, and more specifically the metal-binding
abilities, of a considerable number of MTs belonging to the most diverse organisms scattered
through the Tree of Life. The rigorous application of the same methodology for MT synthesis and
analysis[2] has allowed the comparison of all the gathered results in a wide frame, and rendered
a more comprehensive picture of the properties of the whole family. This has allowed us to update
our previously proposed dichotomic, and gradual, classification of MTs between genuine Zn/Cdthioneins and Cu-thioneins.[2] Our latest results reveal that we can differentiate among Zn-, Cdand Cu-thioneins, rendering a three-band classification that for sure, enlightens their possible
functionalities.
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In recent years, nanotechnology has paved the way for the development of plenty new diagnostic
and therapeutic platforms. Polymeric nanoparticles offer a great flexibility adapting its chemistry
composition, size, stability, morphology and surface functionality. These nanosystems allow an
effective cell transport, where the transported biological materials are released inside the cells in
an efficient way, without altering the biological functions of cells or causing toxicity. In addition,
the release will take place in a controlled way and directed to the targeted cells, avoiding
toxicological problems on the rest of cells (active targeting transport).
We have developed several targeting nanocarriers for targeted delivery applying protocols
based on standard solid phase chemistry and orthogonal strategies to decorate the nanoparticles
in a controlled manner. Herein our more recent results on the preparation, the preclinical
evaluation and validation of these nanocarriers for active targeting will be included.
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Metal-mediated base pairs may be considered conjugates of nucleic acids and metal
complexes.[1] They are formed by formally replacing hydrogen bonds within a base pair by
coordinate bonds. As a result, metal ions are introduced into the nucleic acid helix along its helical
axis. The ability to decorate nucleic acids site-specifically with transition metal ions allows
interesting applications in nucleic acid nanotechnology, in sensors, and in responsive nucleic acid
systems.[2]
This lecture will exemplify the design and characterization of metal-mediated base pairs. In
particular, recent progress in the development of responsive nucleic acid systems will be
presented, such as the use of silver(I) ions to modulate aptamer function[3] or the triggering of
metal-mediated base pair formation by light (see Figure).[4, 5]

Schematic representation of the light-triggered formation of a Hg(II)-mediated base pair.[4]
References
[1] Y. Takezawa, J. Müller, M. Shionoya, Chem. Lett. 2017, 46, 622-633.
[2] S. Naskar, R. Guha, J. Müller, Angew. Chem. Int. Ed. 2020, 59, 1397-1406.
[3] M. H. Heddinga, J. Müller, Beilstein J. Org. Chem. 2020, 16, 2870-2879.
[4] S. Naskar, J. Müller, Chem. Eur. J. 2019, 25, 16214-16218.
[5] S. Naskar, J. Müller, Inorg. Chem. 2021, 60, 14765-14771.

282

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S07-IL05

NOVEL INSIGHTS INTO THE MECHANISM OF ELECTRON TRANSFER IN
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The supramolecular arrangement of respiratory complexes into supercomplexes is widely
accepted. The common feature observed in the supercomplex architecture from organisms of
diverse phylogenetic origin is the reduction of the distance between cytochrome bc1 (complex III)
and cytochrome c oxidase (complex IV). Such an arrangement reduces the dimensionality (from
3D to 2D) of the diffusional search of cytochrome c as the electron carrier that connects both
complexes. Our recent finding of a second binding site for cytochrome c at complex III and IV
reinforces the concept of a “restrained 2D sliding pathway” onto the supercomplex surface[1,2]. In
the lecture, I will show novel mechanistic insights into electron transfer (ET) from cytochrome c1
to cytochrome c, including modulation of the redox potential by physical contact as well as gated,
long range ET in aqueous solution. Remarkably, a close contact between cytochrome c1 and
cytochrome c is not essential for ET: When proteins are approaching each other, cation exclusion
occurs between their active sites, enabling the building of a a Gouy-Chapman charge conduit and
the long-distance ET through the aqueous solution[3].
Amino acid phosphorylation is indeed a prevalent mechanism to regulate the functioning
of cytochrome c, which actually undergoes in vivo phosphorylation of Tyr48—among other
residues. As the specific kinase is still unknown, we have built a phosphomimetic cytochrome c
mutant using the evolved tRNA technique, in which the Tyr48-encoding triplet is substituted by
an AMBER codon. This allows to incorporate a non-canonical amino acid (p-carboxylmethyl-Lphenylalanine, pCMF), which emulates phosphotyrosine, with the help of an evolved tRNA that
recognizes the AMBER stop codon[4,5]. Such a mutation has drastic consequences not only on
the structure and dynamics of cytochrome c[6,7], but also on the ET molecular mechanism.
Phosphorylation shortens the long-distance charge conduit between the partners, strengthens
their interaction, and departs it from equilibrium[8].
These findings establish a new horizon for the understanding of ET mechanisms beyond
unique and well orientated protein complexes. Multiple and dynamic long-distance conformational
ensembles compatible with ET could indeed contribute to the rapid adjustment of electron flow in
response to changing cellular conditions.
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CHEMISTRY OF COPPER-LIGAND COMPLEXES IN BIOLOGY
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Copper ions are essential for almost all living beings and a tight control of copper binding and
coordination is important as copper is potentially dangerous, often via its high capacity
to activate dioxygen and hence catalyze the production of reactive oxygen species.
Several diseases are linked more or less to a dyshomeostasis of copper such as Wilson’s and
Menkes genetic disorders, Alzheimer’s disease, Parkinson’s, cancer etc... Thus, interfering in
copper metabolism via small ligands is a widely investigated therapeutic approach and, in
some cases like Wilson disease, routinely used in clinics.
Inorganic copper-complexes can be applied or formed in situ when a chelator is able to bind
endogenous Cu. They can act either by supplying, sequestering or transporting copper, or by
catalyzing targeted chemical reactions often via O2 activation. The latter case is thought to be
of high importance in development of anti-cancer drugs or for antimicrobials.The canonical
example is targeting DNA cleavage by copper-complexes via O2 activation.
During the last years we worked on the Cu chemistry of several biological relevant peptides,
chelators and complexes. This includes the aim to understand the role of Cu bound to the
amyloid peptides related to neurodegenerative disease [1], the reactivity of several classical
ligand types (Thiosemicarbazones phenantroline, dithiocarbamate, bleomycin, bipyridine etc.)
used in anticancer and antimicrobial activity [2], antimicrobial peptides with Cu-binding unit
[3], and the development of sensors to detect Cu(II) in biological fluids [4]. We could provide
fundamental insights linking high redox-activity and ROS production of Cu-complexes and
stability against intracellular thiols or extracellular competitors. The results indicate the
extremely difficult task to design small redox active copper-complexes with cytosolic or nuclear
activity and sheds light on the mechanism of Cu-complexes and –chelators in the cell.
Moreover, this underlines the importance to consider cellular thiols and extracellular proteins
and metals for the fate of metal-complexes in general.
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EXPANDING THE GENETIC CODE – NEW CHEMISTRIES FOR BIOLOGY
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crosslinking reactions, ubiquitylation
Nature uses a limited set of twenty amino acids to synthesize proteins. In recent years it has
become possible to site-specifically incorporate designer amino acids with tailored chemical
properties into proteins in living cells by reprogramming the genetic code. Together with
developments in designing chemical reactions that are applicable to and selective within living
systems, these strategies have begun to have a direct impact on studying biological processes.
In this talk I will present our lab’s efforts to expand the genetic code and to endow proteins with
novel chemical moieties within their physiological environment. By site-specifically incorporating
artificial designer amino acids into proteins, we have developed tools to image and probe
proteins,[1,2] to study protein-protein interactions and stabilize low-affinity protein complexes[3-6]
and to re-engineer and manipulate molecular networks and biological pathways such as
ubiquitylation in living cells.[7-8]
We envision that these approaches and technologies will enable the study of biological processes
that are difficult or impossible to address by more classical methods.
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CHEMICAL SYSTEMS TO BETTER UNDERSTAND BIOLOGICAL
TARGETS
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The dynamic generation of molecular diversity through the reversible connection of
covalently or non-covalently linked building blocks under thermodynamic control gives access
to a whole set of all combinations.[1],[2] The incorporation of a biological target, such as a
protein, displaces this dynamic equilibrium to the formation of the best-binder in a target-driven
selection of the fittest, discovering biologically active compounds and binding sites.[3]
Several examples will be presented where the use of protein-directed dynamic chemical
systems have been successfully applied to the activation, inhibition, and folding induction of
protein targets. [4],[5]
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THE USE OF VIRUENCE FACTOR QUENCHING ANTIBODIES AS A NEW
THERAPEUTIC STRATEGY TO TREAT PSEUDOMONAS AERUGINOSA
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Background: Antimicrobial resistance threatens the effective treatment of a broad range
of bacterial infections. Thus, the development of new therapeutic approaches emerges as a
crucial health challenge of our time. In this context, we are establishing a new strategy based on
neutralizing Quorum Sensing (QS) markers and virulence factors by quenching them with specific
antibodies. QS plays a key role in pathogenesis modulating virulence and biofilm formation. The
suppression of the activity of these molecules instead of targeting the bacteria directly, emerges
as an option to reduce drug resistance processes.
Methodology: Monoclonal antibodies (MAbs) against pyocyanin (PYO), the major
virulence factor of Pseudomonas aeruginosa have been used to assess their protective effect
against infection. PYO elicits toxic effects through the formation of reactive oxygen species and
activating some inflammatory pathways. An in vitro system has been used based on mammalian
cell cultures (RAW and MH-S cells) and on the performance of viability assays to determine PYO
LD50 and to assess MAb triggered reduction of the PYO toxic effects.
Results: The evaluation of PYO MAb effect as potential therapeutic agent was assessed
on both cell types, adding in each case the equimolar amount of immunoreagent necessary to
block a concentration of the virulence factor equivalent to the LD50 previously determined for each
of the cell lines. This parameter was determined studying different cellular viability hallmarks:
intracellular enzymatic activity, cell membrane integrity and ATP production. Thus, encouraging
results were achieved when working with alveolar cells (MH-S) challenged with PYO together with
the specific MAb during 3 days. The data obtained indicated that the addition of the MAb caused
a fold increase of 2.5 on viability levels when compared with cells just treated with PYO (See
figure 1).
Conclusions: Cell viability results obtained demonstrate that PYO MAbs can be used as
quenching therapeutic tools to sequestrate this relevant virulence factor, protecting mammalian
cells from the toxicity of this substance. Therefore, this data validates this strategy that could
emerge as a new therapeutic approach. Moreover, this system should allow to perform quenching
studies with other QS markers and also to study their immunomodulatory effects.

Figure 1. Protective effect of PYO specific antibody on PYO treated MH-S cells using
LIVE/DEAD dual staining. A) Calcein fluorescence levels relate with cell viability. B) LIVE/DEAD
fluorescence microscopy images corresponding to calcein and propidium iodide staining
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APPLICATIONS FROM CELLULAR BIOLOGY TO NEW MATERIALS
Angel Orte
Nanoscopy-UGR Laboratory. Unidad de Excelencia de Química Aplicada a Biomedicina y
Medioambiente. Departamento de Fisicoquímica, Facultad de Farmacia, Universidad de
Granada, Campus Cartuja, Granada, 18071, Spain
e-mail: angelort@ugr.es
Keywords: Nanoscopy, Fluorescence microscopy, Luminescent probes
The high sensitivity and noninvasiveness and the availability of a versatile palette of tools
and luminophores have placed luminescence microscopy in a unique position for widespread and
routine applications, as well as for the investigation of more challenging issues or the development
of novel analysis approaches. The field of luminescence microscopy is in continuous
development, being one of the latest boosts the possibility of overcoming the optical resolution
barrier thanks to different, smart methodologies, which gave rise to the family of super-resolution
microscopy or nanoscopy techniques. Among others, some of the basic nanoscopy tools are
stimulated emission depletion (STED), photoactivated localization microscopy (PALM) or
stochastic optical reconstruction microscopy (STORM).
Interestingly, the finely-resolved structural information obtained from nanoscopy
experiments can be combined with more quantitative approaches, such as ratiometric imaging,
photoluminescence lifetime imaging microscopy (FLIM/PLIM), anisotropy imaging or spectral
imaging; techniques that take advantage of the inherent multiparametric nature of
photoluminescence emission.
Last year, the University of Granada launched a new Singular Laboratory called
Nanoscopy-UGR (http://sl.ugr.es/nanoscopyUGR). The Nanoscopy-UGR laboratory holds a
versatile super-resolution microscope, capable of STED-FLIM, STED-PLIM, and STEDanisotropy imaging, and an advanced confocal FLIM/PLIM microscope equipped with several
visible and a tunable fs-NIR excitation sources for one- or two-photon excitation, as well as
spectral imaging. Within these facilities, a broad variety of experiments and settings are possible
for a wide range of applications from cellular biology to new nanomaterials. The facilities at the
Nanoscopy-UGR laboratory are open to other R&D&i institutions through a general booking
system. Since the early stages of the Nanoscopy-UGR laboratory several projects have been
tackled, including numerous local, national and international collaborations that have led to
publications in the fields of protein aggregation into amyloid fibrils,[1] structural features and
formation mechanism of supramolecular hydrogels,[2] and, specially, luminescent intracellular
sensors for a wide range of applications such as microenvironment,[3-4] enzymatic activity,[5] or
ions,[6] among others.
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A PEPTIDE/FULLERENE HYBRID FOR MULTIVALENT RECOGNITION OF
E-SELECTIN
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Molecular recognition through ligand-receptor interactions is a very important mechanism
for metastatic processes. Among all of them, multivalent protein-carbohydrate interactions play a
fundamental role in tumor cell-endothelial cell recognition processes. In particular, the interaction
between SLex and SLea expressed in circulating tumor cells and proteins of the family of
selectins, overexpressed in endothelial cells. Unlike tumor cells, vascular endothelial cells
receptors are a stable target not subjected to genetic modifications. In addition, the elimination of
a single endothelial cell involves the death of hundreds of tumor cells. Targeting endothelial
receptors cells offers a high potential in tumor diagnosis and therapy.

Tumor Spread

Peptide-Fullerenes Synthesis

Glycoprotein

Extracellular
Domain

Intracellular
Domain

SLex and SLea are the natural ligands of selectins, but their complicated chemical
synthesis and their low affinity for selectins made difficult to continue with their development.
Recently, through "phase display" it was identified a simple peptide with a linear sequence of
seven amino acids (Ile-Glu-Leu-Leu-Gln-Ala-Arg) called IELLQAR that interacts specifically with
selectins. IELLQAR is a very simple compound, which can be synthesized using SPPS. IELLQAR
can be functionalized and easily conjugated to fullerenes for its multivalent presentation. In
addition, it can be combined with diagnostic and therapeutic agents.
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PREDICTION OF Gd(III) AND Mn(II) COMPLEX THERMODYNAMIC
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Gadolinium(III) complexes are widely employed in clinical practice as contrast agents in
diagnostic magnetic resonance imaging, though some safety concerns on their use have been
raised over the last few years.[1,2] Contrast agents are small Gd(III) complexes with high
thermodynamic stability to avoid the release of the toxic metal ion in the body. The development
of new Gd(III) contrast agents, and alternatives based on Mn(II) and Fe(III), remain a highly active
field.[3,4] Here we utilized published stability constants spanning 20 orders of magnitude to develop
empirical expressions based on structural descriptors to predict the Gd(III)-ligand formation
constant (Figure 1) as well as conditional stabilities at pH 7.4 (pGd values). We then tested the
predictive power of these expressions for a small set of new experimental data, and found
excellent agreement with a mean deviation of 1.0 log K units. The magnitudes of the structural
descriptors are useful for guiding ligand design for Gd(III), and the empirical stability constant
expressions can be used to screen potential ligands. We also detected with our empirical
approach a few incorrect stability constants reported in the literature, and reassessed a few of
them. This methodology can be readily extended to other aqueous metal ion systems, as Mn(II)
complexes.

Fig. 1. (a) Histogram of the logKGdL values for 142 values (133 complexes) of macrocyclic (gray)
and acyclic (orange) systems and (b) Plot of the experimental stability constants (142 values)
versus those calculated using structural descriptors. The red line is the line of identity and the
dashed lines represent a +10% deviation from a slope of unity.
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Traditional anticancer drug design based on small molecules continues to be a powerful
strategy for the development of novel chemotherapeutics. However, these anticancer therapies
are facing major problems such as drug resistance, especially in advanced cancers. This is mainly
due to alterations in the target, ineffective apoptosis, or activation of different pathways, among
others.[1]
The use of PROTACs has become a promising approach to overcome drug resistance
since they act degrading instead of inhibiting the target. They present the advantage of reducing
the systemic drug exposure and counteracting the protein expression that often accompanies
inhibition of protein function.[2] It is based on the use of bivalent molecules that possess a target
protein recruiting group linked to an E3 ligase interacting moiety for protein degradation.
Within this field and bearing in mind the role of Protein kinase 2 (CK2) in the development
and progression of tumors,[3] we propose the development of PROTACs targeting CK2 as
potential cancer therapies. The main hypothesis of this project assumes that the selected proteins
are suitable targets for the design of small-molecule PROTACs, which will be capable of
degrading the enzymes using the cell machinery. A recent review work and computational design
carried out in our research group[4] constitutes a relevant advance for approaching this part of the
project.
For this aim, some CK2 inhibitors previously designed and synthesized in our research
group[5] will be combined with known E3 ligase recruiters through a linker of suitable length and
nature. Among the 600 E3 ligases encoded in the human genome, we will focus on the tumor
suppressors Von Hippel-Lindau (VHL) and Cereblon (CRBN), since they are among the most
studied and exploited to date for the design of PROTACs (Figure 1).

Figure 1. Design of PROTACs to target CK2.
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acknowledged. A.G. is supported by a predoctoral research fellowship granted by CEUSantander. L.A is supported by PEJ-2020-AI/BMD-17635 (CAM research support)
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The generation of artificial metalloenzymes with robust catalytic properties in living cells is
a major research challenge at the interface between catalysis and cell biology. Unfortunately, the
progress in this field has been slow. Recently, our group described the catalytic properties in living
cells of an artificial bis-His Pd(II) α-helical peptide, which was able to promote the
depropargylation of the protected fluorogenic probe HBTPQ.[1] In this context, we wondered
whether related catalytic β-hairpin metallopeptides derived from WW domains would display
similar catalytic properties
WW domains are small protein modules of about 40 residues that mediate protein-protein
interactions. WW domains fold into compact triple-stranded antiparallel β-sheets without disulfide
bridges, and their small size and compact fold has made them a preferred model to study protein
folding and stability.[2]
Here, we have synthesized and characterized a model WW domain and a series of
rationally designed mutants featuring pairs of His residues at positions expected to create a
binding site for Pd(II), while at the same time maintaining the WW fold. Once we confirmed their
coordinative properties, these new metallopeptides were tested for catalytic activity against the
model depropargylation reaction in vitro, which allowed us to identify a sequence with good
catalytic properties. This sequence was resynthesized with an N-terminal TAMRA fluorophore
and was studied in living mammalian cells. Gratifyingly, the metallopeptide was able to cross the
cell membrane and catalyzed the depropargylation reaction in cells. Furthermore, we have been
able to calculate a TON of about 4 inside the cells, demonstrating that the structure of this new
metallopeptide has some protective properties that inhibit the rapid deactivation of the catalytic
metal center. These results represent the first generation of artificial small catalytic
metalloproteins capable of effectively functioning in the native living environment of enzymes.

References
[1] S. Learte-Aymamí, C. Vidal, A. Gutiérrez-González, J. L. Mascareñas, Angew. Chem. Int.
Ed. 2020, 59, 9149-9154.
[2] M. J. Macias, V. Gervais, C. Civera, H. Oschkinat, Nat. Struct. Biol. 2020, 7, 375–379.

292

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S07-OC07

MULTIVALENT ANTIBODY RECRUITING MOLECULES (ARMs)
FOR CANCER THERAPHY
Ángela Martín-Serrano Ortiza, Eugénie Laigrea, Claire Tiertanta, David Goyarda, Nathalie
Bertheta and Olivier Renaudeta
a

Université Grenoble-Alpes, CNRS, DCM UMR 5250, F-38000 Grenoble, France.
e-mail: Angela.martin-serrano-ortiz@univ-grenoble-alpes.fr

Keywords: glycodendrimers, bifunctional molecules, antibody recruiting, targeted therapy
Cancer is a major cause of mortality worldwide and it is estimated that 40% of the population will
be diagnosed with cancer within their lifetime. Currently, immunotheraphy with monoclonal
antibodies (Abs) has become a promising strategy to fight cancer. However, its use is difficult to
standardize, expensive and can lead to intolerable toxicity events. Targeted immunotherapy is an
ideal choice to improve cancer treatment.
Over the last fifteen years, synthetic chemistry has allowed the development of bifunctional
molecules called Antibody Recruiting Molecules (ARMs). ARMs are composed by a target binding
terminus (TBT) able to bind to specific receptors on cancer cells, and by an antibody binding
terminus (ABT) able to gather endogenous antibodies. The ternary complex cancer cell-ARG-Abs
leads to the activation of different immunological mechanisms and, consequently, to cancer cell
clearance without need for previous immunization [1].
In our group, by using supramolecular chemistry, molecular engineering, biochemistry,
immunochemistry and glycoscience approaches, we have designed Antibody Recruiting
Glycodendrimers (ARGs) bearing four copies of RGD peptide as TBT and sixteen copies of
rhamnose as ABT. These ARGs selectively target overexpressed integrins on tumor surface and
recruit the anti-rhamnose Abs present in human serum [2]. Furthermore, they have also been
proved to promote up to 60% of selective cytotoxicity towards cancer cells in vitro [3].
In order to investigate the commercial feasibility and the in vivo properties of our lead compounds,
we have further investigated ARGs serum stability and blood compatibility in vitro, as well as their
kinetics, biodistribution and cytotoxic activity in vivo. The set of results obtained with these studies
would facilitate the transfer of technology and the initiation of clinical development.

A) Schematic representation of an ARG (ABT: antibody binding terminus. TBT: target binding
terminus). B) Ternary complex cancer cell-ARG-Abs formation and immune mediated cancer
cell clearance.
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(ANR-17-EURE-0003), ERC Consolidator Grant “LEGO” (647938) and Proof of Concept Grant
“THERA-LEGO” (963862).
References
[1] S. Achilli, N. Berthet, O. Renaudet. RSC Chemical Biology, 2021, 2., 713-724
[2] B. Liet, E. Laigre, D. Goyard, B. Todaro, C. Tiertant, D. Boturyn, N. Berthet, O. Renaudet.
Chemistry a European, Journal, 2019, 25.,15508 –15515
[3] B. Todaro, S. Achilli, B. Liet, E. Laigre, C. Tiertant, D. Goyard, N. Berthet, O. Renaudet.
Biomaterials Science, 2021, 9., 4076-4084

293

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S07-OC08

EXPANDING THE SCOPE OF FUNCTIONAL PROTEINS USING
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The combination of functional proteins with polymers has been demonstrated successful
for the stabilization of the biomolecule in several applications, among which the PEG-ylation of
peptidic drugs for the blood-stream delivery might be one of the most successful examples.[1] In
our lab, we aim at going one step forward throughout the fabrication of protein-polymer hybrids
that, besides exhibiting extraordinary stability features, extend the functionality of the protein.
Focused on catalysis, we decorate our enzymes with conveniently designed functional polymers
in order to open new opportunities to those in the fields of chemoenzymatic catalysis, sensing or
biomedicine.

+

Polym erizat ion

Figure. Dressing enzymes with polymeric (catalytic) suits. Enzymes of interests are chemically
engineered throughout the deposition of a crosslinked polymer on their surface. The presence of
coordination ligands within the polymeric component such as imidazole, permits the decoration
of the hybrid with several hemin units, assembling thereby a catalytic jacket arranged on the
surface of the protein.
In the last years, we have made use of functional hydrogels as biocompatible scaffolds to
accommodate and stabilize biocatalysts. Basically, we modify the surface of the protein with the
deposition of a very thin polymeric mantel of ca. 3-5 nm. The polymer, a porous functional
hydrogel, wraps the enzyme, which remains encapsulated in small nanogels (ca. 10-15 nm) that
are usually referred to as Single Enzyme Nanogels (SENs).[2] Importantly, the polymeric shell can
be tailored with specific chemical functionalities in order to widespread the applications of the
SENs (Figure).[3] We have demonstrated that the polymeric shell can be selectively decorated
with organic porphyrins, giving rise to a catalytic polymeric mantel with peroxidase-like activity.[4]
In a different example developed in the lab, the enzyme is wrapped within an optically responsive
polymer, which allows the fabrication of sensitive nanobiosensors. The success of these
multifunctional systems lies in the spatial arrangement of individual functional components. The
confinement of these components in the nanospace is optimal for the development of one-pot
concurrent reactions, as it minimizes the diffusion pathway among the functional components,
lowering thereby mutual inactivation issues that are typically presented in chemoenzymatic
systems.
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Conformational pathologies, including neurodegenerative ones, are characterized by
misfolded proteins called amyloids, which lose their physiological role and acquire toxicity. The
accumulation and spread of amyloids is related to an impaired proteostasis network. Chaperones,
as key actors of proteostasis, have thus become promising drug targets and models.[1]
Recently, our group started to explore how metal nanoparticles might be used to either
emulate or help chaperones against amyloid accumulation in Alzheimer’s disease. In this
communication, we will discuss the size effect of uniformly functionalized gold nanoparticles on
the nucleation and the fibrillation of beta-amyloid peptide and their mechanism of action.
In addition, this communication will give some insights on how the nascent concept of
nanochaperone may set future directions toward the development of cost-effective, diseasemodifying drugs to treat conformational disorders.P [2]
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A P(V)-PLATFORM FOR OLIGONUCLEOTIDE SYNTHESIS
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The early promise of gene-based therapies is currently being realized at an accelerated
pace in the clinic with over 150 active anti-sense trials and several FDA approved oligonucleotidebased medicines. Fundamental advances in this area currently have an unprecedented
opportunity to address disease states that have been resistant to other common modalities. The
advent of phosphoramidite-based coupling chemistry and solid-phase organic synthesis
democratized oligonucleotide synthesis for the biochemistry community thus paving the way for
many of these stunning developments. The reliability and generality of this chemistry is attributed
to the high reactivity of phosphorus when in the P(III)-oxidation state versus native P(V) as it
enables rapid P-heteroatom bond formation. However, the growing demand for more diverse
phosphorus-based linkages has challenged the limits of this robust technology, first disclosed
nearly four decades ago. Here we show how the native oxidation state of phosphorus [P(V)],
historically cast away as too unreactive to be viable in such a setting, can be employed to quickly
access diverse chimeric oligonucleotide sequences. Aside from the pragmatic advantages
associated with using the natural oxidation state of phosphorus, the reagent platform described
herein provides access to sequences that would not be easily accessible using classic
phosphoramidite-based synthesis.

Fig. 1. Introduction and background (A) Inspiration, (B) Challenges facing P(V) based synthesis
(C) Recent developments and this work.
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SILYL RESVERATROL DERIVATIVES AS POTENTIAL THERAPEUTIC
AGENTS FOR NEURODEGENERATIVE AND NEUROLOGICAL DISEASES
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Resveratrol (RES), a natural phenolic found in food, has demonstrated interesting preventive and
therapeutic effects on a large variety of pathologies, but its success in clinical trials has been
scarce mainly due to their low bioavailability. In this study, we explored O-silyl RES derivatives
as potential drugs for neurodegenerative and neurological diseases. We also designed and
prepared a series of O-silyl RES prodrugs to improve their bioavailability. We found that 3,5triethylsilyl-4’-(6’’-octanoylglucopyranosyl) resveratrol 26 showed the best profile on toxicity and
neuroprotecting capacity in zebra fish embryo. Compound 26 was also capable of reducing the
loss of motor coordination in a 3-nitropropionic acid mice model of Huntington's disease, in a
similar way to RES, although 26 diminished to a higher extent pro-inflammatory cytokine IL-6 and
improved the latency to fall in the rotarod test by 10%. Finally, we investigated 26 and RES as
potential treatments on an EAE multiple sclerosis mice model. We observed that, in a therapeutic
regime, 26 significantly diminished the progression of EAE severity and reduced the percentage
of animals with moderate to severe clinical score, whereas RES showed no improvement.
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Half-sandwich complexes of Ru, Os, and Ir have received much attention due to their potent
anticancer activity.[1] These complexes often bear a labile chlorido ligand, which upon substitution
in water, renders the metal active towards biomolecule interaction. However, for osmium(II) halfsandwich complexes of general formula [Os(η6-arene)(XY-bidentate)Z]n+, aquation of the Z
monodentate ligand often inhibits Os-reactivity by affording inert Os–hydroxido dimeric species.[2]
We have overcome this activity-loss by introducing a hemilabile arene/alcohol ligand, which
protects the metal centre against hydroxido-mediated inactivation by forming a tether ring.[3] In
addition, we have carefully fine-tuned the design, including XY negatively charged chelating
ligands (C,N- or N,O-) that lead to faster hydrolysing compounds and enhanced anticancer activity.
Additional proof that Os-reactivity is maintained in cells has been demonstrated by the Osmediated transformation of pyruvate to lactate in breast cancer cell lines.
Digging deeper into Os–Cl/Z(tether) hydrolysis, and in the context of the complexes’ high
anticancer potency, we looked into the correlation between hydrolysis and pH-dependent
reactivity of highly potent Os-arenes, tethered and non-tethered, bearing phenylpyridine as XYbidentate ligand. The Os–Cl bond is stable in pure DMSO yet readily hydrolyses in
DMSO:aqueous solution leading to rapid formation of Os–DMSO adduct (following aquation).
DMF:aqueous solutions enables the titration of the aqua adduct and allows for pKa* determination,
which is above 9.6 in all cases. These values are some of the most basic Os-arene aqua-adducts
reported to date.[4] The data are discuss in the context of hydrolysis readiness, low acidity of Os–
OH2, and cytotoxic potency of the Os-phenylpyridine-arene core.
The protection of the tether ring, together with the increase in the effective charge on the metal
centre –to which the C,N-ligand greatly contributes– may be the basis of the next generation of
highly potent osmium metallodrugs.
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Following the discovery of the remarkable chemotherapeutic properties of cisplatin in the
1960s, several platinum drugs have been developed and are currently used clinically. However,
severe side effects and the frequent appearance of tumoral resistance are some major drawbacks
in their utilization. Therefore, new metal-based compounds are continuously designed with the
objective to obtain more selective and efficient anticancer agents. Among them, ruthenium
complexes are in a privileged position due to their reduced toxicity, increased selectivity and
possible antimetastatic properties. In that context, half-sandwich Ru(II) complexes represent a
promising type of potential anticancer drugs, as exemplified by the now well-known RAPTA-C
complex.
A few years ago, we started to develop a family of Ru(II)-arene complexes with 1pyrenylphosphane ligands [1, 2], and described their high cytotoxic properties towards several
tumour cell lines [1]. Detailed mechanistic studies have been carried out, which revealed the noninnocent involvement of the solvent used to prepare stock solutions of the complexes (for the
biological studies), viz. DMSO, in the chemical modification of the Ru(II) compounds and the
associated time-dependent variation of the cytotoxic properties [3].
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DC-SIGN (Dendritic cell-specific ICAM-3-grabbing non-integrin, or CD209), is one of the
most studied C-type lectins over the last twenty years. Its biological roles in innate immunity have
been of great interest given its crucial involvement in the development and spread of multiple
diseases, from viral and bacterial infections to parasitic diseases like schistosomiasis[1] . As for Ctype lectins, monosaccharide recognition in DC-SIGN is calcium-dependent and takes place at
the Carbohydrate Recognition Domain (CRD). The structure of this CRD features a shallow and
exposed interaction area, which allows the accommodation of varied oligosaccharides while the
primary interaction is mainly supported by D-mannose or L-fucose. In spite of the numerous
crystallographic structures of DC-SIGN CRD with glycans, distinct binding modes for the same
sugar molecule has been described by different techniques[2-4], and thus its preferred ligand
epitope at the most basic monomeric level still remains elusive. This, in turn, implicates that the
design of potent higher-order glycomimetic inhibitors may be obscured by a far-from-ideal basic
structure.
By applying an integrative protocol of protein data bank search of DC-SIGN-carbohydrate
complexes and ligand binding mode classification, theoretical calculations (quantum mechanics
and molecular dynamics simulations) and Saturation Transfer Difference (STD)NMR experiments
combined with full matrix relaxation theory predictions (CORCEMA-ST[5]), we were able to identify
and characterize the key and most elementary structural pattern recognized by the lectin.
To prove these insights, we further searched for and experimentally validated a set of new
naturally occurring ligands (D-rhamnose, L-galactose and myo-inositol) as DC-SIGN binders at
the monomeric unit level. The analysis of this extended set of polyhydroxylated binders showed
they followed the proposed recognition structural pattern and allowed confirming the minimal
ligand-epitope preferentially selected by the lectin. These studies could be the foundation for the
design of future higher affinity glycomimetic inhibitors starting from the best possible minimal
structural scaffold.
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The complement system plays a key role in host homeostasis and innate immunity, and its
activation gives rise to a cascade of proteins responsible for processes such as inflammation,
opsonization and bacterial lysis. Factor H (FH) is the main regulator of the alternative pathway by
distinguishing between host and non-host cells through sialic acid recognition and binding of the
C3b protein [1]. However, Factor H-related proteins (FHR) also bind C3b but lack the ability to
distinguish between self and non-self surfaces due to an inability to recognise cell surfaces
decorated with sialic acid glycans. In addition, mutations in FHR-1 can lead to CS dysregulation
causing chronic diseases like atypical hemolytic uremic syndrome (aHUS). We have integrated
computational approaches, such as protein-protein docking, protein-ligand docking, and
molecular dynamics (MD) simulation, with biochemical, immunological and NMR approaches, to
clarify the molecular recognition processes of sialic acids by FH, FHR-1 and aHUS-related
mutants, and their binding to opsonin C3b [2]. These studies have shown that the acquisition of
the ability to bind sialic acid (Fig.1), and thus compete with FH, and the ability of FHR-1 mutants
to bind C3b, may be responsible for the development of aHUS associated with these mutants.
On the other hand, immunoevasion is a key mechanism to bacterial surveillance against the host
immune response, and it has been seen that in multiple bacteria the glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) participates in this process. This protein is able to migrate to the
bacterial surface to act by sequestering the anaphylatoxin C5a from complement system,
inhibiting its pro-inflammatory performance. To shed some light into this immunoevasion event,
we have studied the interactions between GAPDH from five different species (A. vaginae, C.
perfringens, L. interrogans, S. aureus and S. pyogenes) and human C5a, by employing
computational techniques, such as protein-protein docking and MD simulations. We have
identified several plausible binding modes for the GAPDH/C5a complex with common motives
among the five bacterial species. These molecular recognition patterns in GAPDH could be
associated with the sequestration of C5a in the immunoevasion process [3].

Figure 1. Mutant FHR-1L290V (green) in complex
with 6'-sialyl-lactose (blue) from docking
calculations. Bottom right shows the electrostatic
potential surface of the sialic acid binding site in
mutant FHR-1L290V.
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The liver plays a central role in all metabolic processes in the body. However, precise
characterization of liver metabolism is often obscured by its inherent complexity. Phosphorylated
metabolites occupy a prominent position in all anabolic and catabolic pathways. Here we develop
a 31P-NMR-based method to study the liver “phosphorome” through the simultaneous
identification and quantification of multiple hydrophilic and hydrophobic phosphorylated
metabolites.[1]
We applied this technique to define the metabolic landscape in livers from well-known
murine models of nonalcoholic steatohepatitis: one genetic, methionine adenosyltransferase 1A
knockout mice; and five dietary, mice fed with carbon tetrachloride (CCl4), fed with a high-fat diet
(HFD), high-fat choline deficient diet (HFCD), methionine and choline (MCD) and standard diet
(STD). Disease models were metabolically characterized at different periods of time (3-6-9-12-15
weeks) to monitor the development of the liver injury.
Here, we report alterations in the concentrations of phosphorylated metabolites that are
readouts of the balance between glycolysis, gluconeogenesis, the pentose phosphate pathway,
the tricarboxylic acid cycle, and oxidative phosphorylation, and of phospholipid metabolism and
apoptosis. Moreover, these changes correlate with the disease development period and with the
main histological features: steatosis, apoptosis, iron deposits and fibrosis.
In conclusion, these findings indicate that NMR-based phosphoromics may be used to
unravel metabolic phenotypes of liver injury and to identify the mechanism disease development.
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Ru(II)-arene complexes with the formula [Ru(η6-arene)(XY)(Z)] (XY = bidentate chelating
ligand; Z = monodentate labile ligand), undergo an aquation process in such a way that the
reactive species (the aquo complex) binds to the N7 of guanines of DNA,[1] and forms
monofunctional adducts.[2] These complexes present high levels of cytotoxicity, comparable to
that of cisplatin, even in cisplatin-resistant cells,[3] which has fueled the research on these
complexes as a promising alternative to cisplatin chemotherapeutic agents.
We have synthesized a series of Ru(II)-arene metallopeptides derived from a 2,2-bipyridine
aminoacid and studied their interaction with B-DNA by different techniques.
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FLUOROGENIC PEPTIDE-BASED MMP PROBES FOR CANCER DIAGNOSIS
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Optical biosensing based on activatable fluorescent reporters offers a powerful methodology for
the real-time molecular interrogation of disease. In this area peptide-based optical probes have
been widely used in the clinic as diagnostic imaging tool,[1] as they are often naturally inspired but
synthetically modifiable to allow the incorporation of different functionalities such as fluorophores.
Here we report on our recent work based around Matrix Metalloproteinase (MMP) fluorescent
probes for detecting disease in the human lung.
The design, optimization, synthesis, in vitro and ex vivo validation including selectivity, sensitivity,
stability, solubility, etc are key steps towards their final application in the clinic. This includes the
careful selection of fluorophores and other functional groups as biorthogonal chemistries are key
to the challenge of preparing gram quantities (GMP grade) of these probes for use in clinic.
We have developed FRET-peptide probes to report specific enzymatic activities. Here I present
probes that were designed to monitor the presence of extracellular MMPs that are present during
tissue remodeling providing an OFF/ON fluorescent signal. The FRET-peptides were designed
according to: (i). The peptide sequence optimization for in vivo human lung use [2], (ii). Its
implementation in a multimeric structure and use in a clinical study [3] for the direct analysis of lung
fibrosis and cancer using fibre-based optical microendoscopy and (iii). The development of a
molecule that fluorescently ‘paints’ tumours [4] with potential to be applied in fluorescence guided
surgery and margin detection.

Figure 1. Macroscopic imaging of fluorescently
painted tumour and the structure of the molecule
used. Scale bar 1mm

References
[1] M.Staderini, A.Megia-Fernandez, K.Dhaliwal, M.Bradley Bioorg Med Chem 2018, 26, 28162826.
[2] A.Megia-Fernandez, B.Mills, C.Michels, S.V.Chankeshwara, N.Krstajić, C.Haslett, K.Dhaliwal
and M.Bradley Org Biomol Chem, 2018, 16, 8056-8063.
[3] A.Megia-Fernandez, A.Marshall, A.R.Akram et al BMEFrontiers 2021, 9834163.
[4] B.Mills, A.R.Akram, D.Norberg, K.Dhaliwal, M.Bradley, A.Megia-Fernandez. Chem Commun
2020, 56, 9962-9965.
Acknowledgments: EPSRC, Interdisciplinary Research Collaboration grant EP/K03197X/1, UK

304

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S07-OC19
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The epidermal growth factor receptor (EGFR) family, composed of four members (HER1
to HER4), are transmembrane glycoproteins with tyrosine kinase activity. They are able to
regulate a number of signaling pathways within cells including cell proliferation, migration,
differentiation, apoptosis and angiogenesis. Mutations and overexpression of the tyrosine kinase
receptors, especially on HER1 and HER2, may result in the appearance of different types of
cancers. Therefore, EGFRs are major targets for the design of anticancer agents. In this regard,
tyrosine kinase inhibitors (TKIs) are of high interest due to their ability to block the kinase activity
of these receptors.[1]
Lapatinib (LAP) and gefitinib (GFT) are orally active TKIs currently used for the treatment
of breast and lung cancer, respectively. Although the benefits of these drugs are evident, they are
able to induce adverse effects, which are normally associated to rash, diarrhea, dry skin, nausea
and vomiting. Besides, it has recently been shown that both LAP and GFT, in addition to their
main photoactive metabolites, can also photosensitize damage to biological targets such as DNA,
proteins and even to living cells.[2] In this context, a thorough photophysical study has been
performed by means of spectroscopic techniques such as fluorescence and transient absorption,
from the femtosecond to the microsecond time scales. The transient species generated after
excitation of LAP or GFT have been characterized in solution and in biological environments (i.
e. transport proteins) to gain insight into the mechanisms involved in photodamage. The
photobehavior of any of the investigated anticancer drugs was strongly medium-dependent.[2b, 3]
In general, locally excited singlet states (1LE) are mainly formed in organic non-polar solvents and
within HSA, while intramolecular charge transfer (ICT) sates predominate in organic polar
solvents. The triplet excited state of GFT has been characterized for the first time. Interestingly,
this transient species is not formed within the protein cavities, as 1LE is strongly quenched by
electron donors (Trp and/or Tyr) through an electron transfer process. In general, a good
correlation is established between the photophysical behavior and the photobiological properties
of both LAP and GFT, which provides a mechanistic basis for the observed phototoxicity.

Figure. Femtosecond transient absorption spectra of LAP in MeCN (left) and LAP@HSA (right)
after excitation at 330 nm.
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This work highlights an aqueous reaction methodology developed for site-selective
chemical protein modification. The awareness of the need to develop site-selective protein
modification methods is still recent.[1] These methods will expand the current available chemical
toolbox and help chemists and biologists further improve their understanding of complex
biochemical processes. We’ll use a photochemical transformation that preferentially modify one
amino acid residue over the others (e.g., lysine versus cysteine) and, thus, can be considered an
example of chemoselective reactions; on the other hand transformations described as
regioselective preferentially modify only one of a set of the same amino acid, in particular when
more than one is present in the same molecule (e.g., solvent exposed lysine versus internal
lysine).

h

In this context, quindoxin has been found to bind covalently to the serum albumin proteins
on irradiation indicating its potential to be a photoallergen.[2] Then, the photoreactivity of
quinoxaline N-oxides in the presence of model proteins is comprehensively addressed using an
integrated approach that combines photophysics, photochemical and proteomic studies together
with docking and dynamic molecular modelling. As a preliminary result, a fluorescent
protein/photoproduct adduct is mainly formed. In this sense, the use of a spectroscopic label to
monitor biomolecule distribution in vivo enables the construction of highly selective imaging
agents.
Therefore, site-selective protein modification will be central for the preparation of the next
generation of biopharmaceuticals, including antibody-drug conjugates for cancer therapy and
carbohydrate-based vaccines against HIV, cancer and malaria. Such approach will lead to
defined constructs that enable a clear molecular dissection of modified protein structure on
therapeutic function and hopefully result in therapeutic candidates with improved safety and
efficacy.[3]
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NOVEL MULTIFREQUENCY SATURATION TRANSFER DIFFERENCE NMR
(STD NMR) EXPERIMENTS IN STRUCTURAL GLYCOBIOLOGY
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STD NMR is a powerful ligand-based NMR technique for weak ligand screening of protein
targets and to gain quantitative structural information from biologically relevant protein-ligand
complexes.[1] The approach is appropriate for small/medium-sized molecule binders of mediumweak affinity (dissociation constants from high nM to low mM), there is no upper limit for protein
size, and labelling is not required. In this communication, the investigation by STD NMR of
molecular recognition processes of ligands by biologically relevant protein receptors will be
presented with a focus on the application to specific cases of recognition of glycans by proteins.[24]

Protein-glycan interactions are very relevant protein-ligand interactions in Nature and are
processes typically falling within the range of fast chemical exchange (weak affinity) but still
showing high specificity. These protein-glycan systems will allow to introduce along this
communication the novel methodological developments in STD NMR produced in our lab, as the
identification about how the fast ligand rebinding process can affect the determination of accurate
dissociation constants by STD NMR,[5] as well as the development of the recent method
“DiffErential EPitope mapping STD NMR (DEEP-STD NMR)” [6] that allows for the first time to
identify the nature of the protein-ligand contacts in the bound state from STD NMR approaches.
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HYBRID PEPTIDES AS A TOOL TO COMBAT PLANT PATHOGENS
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Plant diseases caused by bacteria and fungi are responsible for large economic losses in
fruit and vegetable crops.[1] It is currently estimated that more than a third of the total potential
production of crop fields is lost because of pests. Nowadays, the control of these plant diseases
is mainly based on the use of antibiotics, but they are not authorized in the European Union and
some bacterial strains have developed resistance to them.
Natural and synthetic antimicrobial peptides are considered promising candidates as new
pesticides due to their distinct mechanism of action, which primarily involves the interaction with
the bacterial membrane. They show a broad spectrum of activity, a remarkable level of
antibacterial selectivity and low eukaryotic cytotoxicity.[2,3]
A strategy to improve the efficacy of antimicrobial peptides consists in the conjugation of
two identical or different peptide sequences.[4,5,6] It has been shown that in these homo- or
heterodimeric peptides, the intermolecular bonding of the sequences reinforces the activity of the
two individual units, while increasing the stability to degradation by proteases and solubility.
Herein, we describe the design and the preparation of hybrid peptides that combine
sequences with different activities. In particular, a library of hybrids combining an antimicrobial
peptide and a plant defense elicitor peptide was designed. Considering that the order of the
sequences in the conjugates can influence the biological activity, it was planned the preparation
of two conjugates for each combination of peptides, in which the order of the sequences was
reversed. The synthesis, the biological activity and the structural properties of these hybrid
peptides will be presented and discussed.[7]
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DC-SIGN (Dendritic Cell-Specific Intercellular adhesion molecule-3-Grabbing Non-integrin)
is a C-type lectin present on the surface of immature dendritic cells and plays a key role in the
immune system and viral infections. The main carbohydrate ligand recognized by DC-SIGN is the
high-mannose glycan, (Man)9(GlcNAc)2, with the mannosyl nonasaccharide (Man)9 being the
main epitope to interact with this receptor. The total synthesis of Man9 and other complex
mannose oligosaccharides has been explored; however, the complexity of this kind of branched
glycan structures prevents the accessibility to large amounts required to address biological
studies. Our research group is interested in the interaction, both blocking and internalizing, of
oligomannosides and their corresponding multivalent sugar-decorated glycoconjugates with this
lectin due to the enormous relevance in many biological applications.[1]
In this work, we proposed a novel convergent, fast, straightforward, high yield and large
amount accessible synthesis of the nonasaccharide Man9, using two different strategies,[2] with
alpha and beta configuration in the terminal mannose at the reducing end and the corresponding
trivalent glycoclusters.[3] Our findings showed that the configuration, alpha or beta, of the anomeric
position of the terminal mannose does not influence in the binding affinity for the natural receptor
DC-SIGN. Moreover, this methodology allowed us the construction of multivalent systems
decorated with oligomannosides with potential application as viral inhibitors or
immunomodulators.[4]
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In this talk, I will give an overview of the research we conduct in my laboratories, where we
combine supramolecular, peptide and polymer chemistry to prepare well-defined nanomaterials
for biomedicine. In particular, we employ dynamic and responsive chemistries that allow us to
explore biological activity (e.g. siRNA delivery, microbial behaviour) in a timely fashion and
understand how our polymers and nanoparticles affect biological function.

A strong focus in our laboratories is to develop materials for drug delivery, in particular polymers
and particles sensitive to external stimuli, which we use for the delivery of antimicrobials or nucleic
acids. To this end, we will briefly discuss our work on the enzyme responsive delivery of
antimicrobials and food additives,[1] the delivery of nucleic acids to cells and tissues[2] or our work
in developing biofilms for biotechnology.[3]
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Our research group has recently developed a pH-responsive release system based on a
diruthenium core with paddlewheel structure, containing three formamidinate ligands and a
phytohormone (indole-3-acetate, 2,4-dichlorophenoxyacetate or 1-naphtaleneacetate)
coordinated through the carboxylate group (RuAux, Figure 1a). These species have shown to be
quite stable under normal physiological conditions, but become labile in a slightly acidic media
(pH = 6.5), releasing the carboxylate ligand.[1] Thus, this kind of complexes are promising
candidates to act as carriers of coordinated anticancer drugs functionalized with a carboxylate
group, aiming a specific release in tumor growths due to their well-known extracellular acidosis.
Once this pH-dependent release has been demonstrated, an anticancer drug has been selected
for our studies: 5-fluorouracile (5-FU). Although 5-FU is a great antineoplastic agent, particularly
for colorectal cancer, it shows several side effects. Therefore, it is extremely important to achieve
a selective targeting ability. The prodrug 5-fluorouracil-1-acetatic acid (5-FUacH) has been
synthesized to be subsequently coordinated to the diruthenium core obtaining RuFUac (Figure
1b). It is expected that 5-FUac will be released from the complex at slightly acidic pH and pass
through the cell membrane suffering a decarboxylation process in the cytosol to form the active
5-FU species.[2] In addition, cytotoxic properties from the resulting diruthenium complex are
expected.
Since the RuFUac complex is not soluble in water, the biocompatible polymer poly(methyl
methacrylate) (PMMA) has been employed to encapsulate it, leading to well-dispersed polymer
nanoparticles (PMMA-RuFUac, Figure 1c) in aqueous media. Similar nanoformulations have
shown an increase of the therapeutic efficacy and cytotoxicity compared to the corresponding
complexes themselves, in addition to enhanced permeability and retention (EPR) effect, reducing
the adverse effects of the chemotherapy.[3] We are currently carrying out in vitro studies under
different pH conditions in order to evaluate the usefulness of RuFUac (in DMSO/water solution)
and PMMA-RuFUac (in water) in biomedical applications using human cell lines, in particular
Human Colon Adenocarcinoma Cell Line Caco-2.

Figure 1. a) Crystal structure of one of the RuAux complexes ([Ru2Cl(DPhF)3(IAA)], DPhF = N,
N´-diphenylformamidinate, IAA = indole-3-acetate); b) crystal structure of RuFUac complex
([Ru2Cl(DPhF)3(5-FUac)], 5-FUac = 5-fluorouracil-1-acetate); c) TEM image of PMMA-RuFUac.
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The view on dihydroceramides (dhCer), generally regarded to be innocuous, changed after
the revelation that they might have regulatory roles in biology.[1] In this scenario, dihydroceramide
desaturase 1 (Des1) stands out as a new therapeutic target. It catalyzes the formation of a double
bond in dhCer to convert it to ceramide (Cer) in the de novo synthesis of this sphingolipid.
Inhibition of Des1 would cause an accumulation of dhCer, which has been related to cell growth
arrest and apoptosis.[2] GT11 is the first, and still the most effective, sphingolipid analogue Des1
inhibitor reported to date (Figure 1).[3] The limited number of Des1 inhibitors described until now,
as well as the lack of a crystalline structure of the enzyme, hamper the understanding of its
inhibition mechanism. For this reason, the synthesis of new inhibitors is necessary to shed light
on this field.
We will present, in this communication, the syntheses of nine ceramide analogues (Figure
1) that maintain all the structural requirements described to date for Des1 inhibition,[4] but
incorporating a structurally rigid heterocycle that can stablish additional interactions with the
enzyme biding site. Thus, in the proposed compounds, the double bond of ceramide has been
formally substituted by a triazole ring (both 1,4 and 1,5-disubstituted regioisomers); or by a 2,4disbustituted furan ring, having different short N-acyl chains to ensure good cell permeability.
Moreover, the biological evaluation of these ceramide analogues as Des1 inhibitors will be
presented.

Figure 1. Structure of Ceramide, GT11 and synthesized analogues.
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NHC-BASED COMPOUNDS BEARING BIOLOGICAL MOTIFS AS
ANTIMICROBIAL AND ANTIPROLIFERATIVE ACTIVE SYSTEMS
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Caffeine, theophylline and theobromine are naturally occurring nucleobase derivatives
found in coffee, tea and cocoa. Their purine backbone represents an inexpensive and easily
accessible feedstock of N-Heterocyclic carbene precursors. Selective functionalization of the
nitrogen sites can lead to a wide range of scarcely studied metal-carbene complexes, some of
which have shown their potential applicability in medicinal chemistry.[1] In addition, combination
of active molecules and metal centers represents a rational strategy in the development of new
cytotoxic and antibacterial agents.[2]
We report on a series of nucleobase derivatives and bioactive compounds remodeled on
NHC ligands. Subsequent metal complexes were readily obtained upon reaction of the
corresponding imidazolium fragments with commercial silver precursors, with different synthetic
strategies. The solid-state geometries reveal an interesting lone-pair-silver stabilization on some
of them, which might be related to the increasing activity. We are currently conducting further
biological studies.
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A NEW PERSPECTIVE ON LUNG CANCER THERAPY: IRIII
CYCLOMETALLATED AS SELECTIVE PHOTOSENSITIZER AGENTS
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d6-Metallodrugs are emerging as a great alternative to traditional therapies due to two main
factors. First of all, their outstanding synthetic feasibility allows to easily approach a great number
of biological applications.1 Secondly, their photophysical properties make them trackable through
optical techniques, and at the same time, they can be used as photosensitizer (PS) agents.2
Within this context, cyclometallated IrIII complexes have arisen to be one of the best
candidates for trackable PS metallodrugs.3 This work describes the development of a new variety
of luminescent and photocytotoxic cyclometallated IrIII complexes, whose pyrazolyl group plays a
crucial role in their bioactive properties. This ligand can be easily deprotonated, modulating in this
way the cellular uptake and localization.
Their emissive properties, photocytotoxic activity in different cell lines, cell distribution,
ability to generate ROS, as well as in vivo assays have been thoroughly investigated delivering
promising results, see Figure 1.

Figure 1.
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A CYCLOBUTANE-CONTAINING CELL-PENETRATING PEPTIDE FOR
TARGETING MITOCHONDRIA
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Mitochondria are crucial organelles in eukaryotic cells that perform a range of essential
functions. Furthermore, given the many roles mitochondria play in cellular biochemistry, they have
been associated with a wide variety of disorders and have become a key therapeutic target.[1]
Herein, we developed and characterised a peptide that can efficiently and specifically target this
organelle in living cells. The tested peptide, which was previously reported as a cell penetrating
peptide (CPP) and as a selective vector for anti-Leishmania drug delivery systems (DDS), was
synthesised as an alternation of (1S,3R)-3-amino-2,2,dimethylcyclobutane-1-carboxylic acid
joined to a functionalised cis-γ-amino-L-proline derivative.[2] Firstly, its internalisation capacity and
subcellular distribution were examined in HeLa cells. The peptide not only possessed remarkable
cellular internalisation, but it also showed to have excellent mitochondria-targeting properties, as
demonstrated by colocalization experiments using MitoTracker™ Red CMXRos (Fig. 1). In light
of these findings, we aimed to illustrate the mechanism through which the targeting process
operates. When mitochondria were previously depolarised with CCCP (carbonyl cyanide 3chlorophenyl hydrazone), no staining was detected, suggesting that the strong electrochemical
potential generated by the electron transport chain might electrostatically drive our peptide to this
organelle. Finally, by labelling the compound with the ratiometric 5(6)-carboxy-SNARF-1 probe,
we investigated the possibility of monitoring mitochondrial pH in cells. In conclusion, we present
a novel peptide with remarkable cell penetrating and mitochondria targeting properties, also
demonstrating it to be a promising candidate for other biological applications involving this
organelle, such as measuring mitochondrial pH.

Figure 1. Structure of the tested peptide (CF-γ-CC) and its colocalization with mitochondria. HeLa
cells were incubated in the presence of the peptide at 25 μM and the mitochondrial dye
MitoTracker™ Red CMXRos. Yellowish structures in the merged image represent colocalization
of both compounds. Images were taken by confocal microscopy using a 100× oil objective.
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INVESTIGATING NEW APPLICATIONS OF A PHOTOSWITCHABLE
FLUORESCENT NORBORNADIENE FOR IMAGING OF AMYLOID BETA
PLAQUES POLYMORPHISM IN ALZHEIMERS MODELS
Ambra Dreos,ab Junyue Ye,a Francisco Najera,b Ezequiel Perez Inestrosa,b Kasper MothPoulsen,cd and Jörg Hanriedera
a

Gothenburg University, bBionand, cChalmers University, dICREA Barcelona

e-mail: ambra.dreos@gu.se
Keywords: Photoswitches, Norbornadienes, Fluorescence imaging, Amyloid beta, Alzheimer
Alzheimer’s disease (AD) is the most prevalent neurodegenerative disorder affecting 1 in 8
persons over 65 years. The exact mechanisms underlying Alzheimer's Disease pathogenesis are
still not fully understood yet, significantly hampering the development of therapeutic treatment
strategies. The critical importance of Amyloid beta (Aβ) aggregation has long been recognized as
an early inducer driving the disease progression. [1]
The mechanism of Aβ aggregation in the brain of certain individuals, the actual role of biologically
active Aβ, and the mechanism that mediates its toxicity are at present unknown. Hence,
deciphering how Aβ exerts its neurotoxic effects through changes in aggregation state represents
a fundamental goal in AD research. Aβ plaque pathology manifests itself in conspicuous
histomorphological heterogeneity within and among patients, highlighting the need to establish
specific, biochemical hallmarks of plaque morphotypes associated to AD pathogenesis.
NBD derivatives are a class of photoresponsive molecules that undergo reversible
photoisomerization when irradiated with appropriate light (Fig. 1). They have been widely studied
and developed for a variety of applications including solar energy storage and molecular
electronic. Some NBDs, as NBD1 in Fig1,[2] exhibit photoinduced turn-off fluorescence,[3] which
is of interest for bioimaging applications.
Interestingly, NBD1 is also an efficient
stain for amyloid plaques in Alzheimer
mouse models (TgSwe mutation).
Hyperspectral imaging analysis show
distinct
spectral
properties
in
correspondence with different plaques
morphologies. These results
highlight the potential of NBD1 as
advanced fluorescent probe for
delineation of plaques features. Proof
of concept experiments show how
NBD1
undergo
photoinduced
Figure 1 a) Molecular structure of fluorescent NBD1 used as stain in isomerization to its non fluorescent
all the following experiments. Colours are arbitrary. b) Bright spots
reveal amyloid plaques in the hippocampus. c) Confocal image of an form QC, and consequent thermal
amyloid beta plaque. d) Hyperspectral imaging shows spectral recovery in situ, opening new possible
differences within and between plaques in situ. All images collected applications toward advanced imaging
on treated sections of Tg-APPswe mouse model brains.
of plaques polymorphism.
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VISIBLE-LIGHT PROMOTED BIOORTHOGONAL PHOTOCATALYSIS
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The discovery of abiotic reactions that take place with high efficiency in complex biological media
represents a major goal in Chemical and Cell Biology. The task is far from easy, because in
addition to bio- and aqueous compatibility issues, there are challenging chemo- and
regioselectivity problems associated to the presence of multitude of biomolecules and functional
groups. In 2006, Meggers and coworkers reported preliminary data on the viability of achieving
ruthenium-promoted uncaging reactions even in HeLa cells [1]. This discovery, which was
overlooked for several years, is now considered at the origin of the current flourishing of research
at the interface between organometallic catalysis and cellular biology. Despite the great majority
of these reactions consists of deallylation or depropargylation processes, more recently a number
of metal-promoted "anabolic" reactions involving the formation of bonds and the synthesis of new
molecular entities have been successfully in cellulo achieved.
In recent years, visible-light-driven catalysis has emerged as one of the most attractive strategies
to promote unconventional chemical transformations under mild conditions and perform syntheticrelevant reactions that otherwise are not possible [2]. Even though in a first view this chemistry
may not appear appropriate for their use in biological environments, this strategy has been used
for the chemoselective modification of proteins in living cells [3].
All these precedents suggest that under appropriate conditions, it might be possible to carry out
photocatalytic transformations of designed reactants in complex biological media [4].
Herein we demonstrate the feasibility of performing bioorthogonal photocatalytic reactions of
small molecules in complex biological media, with formation of synthetically relevant carboncarbon bonds. This is the first synthetic photoredox process in which the catalyst works between
two oxidation states in a closed cycle in this media, which is a challenge since other biomolecules
present in the reaction media could also participate establishing parallel catalytic
cycles. Specifically, we report two different types of photo-Meerwein transformations with
aryldiazonium salts, under visible light irradiation and using Ru(bpy)3]2+as photoredox catalyst in
biological media and preliminar results in living cells.

Figure 1. Scheme of one of the photo-Meerwein reactions studied.
[1]. Streu, C.and Meggers, E., Angew. Chem. Int. Ed. 2006, 45, 5645– 5648.
[2]. Prier, C. K., Rankic, D. A. and MacMillan, D. W. C. Chem. Rev. 2013, 113, 5322–5363.
[3]. Wang, H., Zhang, Y., Zeng, K., Qiang J., Cao, Y., Li, Y., Fang, Y., Zhang, Y. and Chen, Y.
JACS Au, 2021, 1, 1066-1075.
[4]. Xiao, T., Dong, X., Tang, Y. and Zhou, L. Adv. Synth. Catal. 2012, 354, 3195–3199.
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CONTROL OVER DNA RECOGNITION WITH A CUCURBIT[8]URIL-BASED
SUPRAMOLECULAR 4,4′-BIPYRIDINIUM−PEPTIDE DIMER
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Interdisciplinar de Química e Bioloxía and Departamento de Química, Facultade de Ciencias,
As Carballeiras, s/n, Campus de Elviña, 15071 A Coruña, Spain
a

e-mail: p.novo@udc.es
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Numerous cellular processes in living organisms have a complex regulatory network
constituted by relatively few proteins capable of switching between homo- and heterooligomeric
assemblies or mono- and bivalent states by means of noncovalent interactions.[1] Motivated by
the aim of emulating these natural complexes, we focused our attention on the macrocyclic host
cucurbit[8]uril (CB[8]), which stands out due to its unique ability to form 1:2 hetero- or homodimeric
inclusion complexes with a variety of guests.[2] Interestingly, the CB[8]-bipyridinium pair
constitutes a supramolecular switch that allows for further implementation of dynamic behavior
due its sensitivity to external stimuli.[3] In this regard, to the best of our knowledge, the use of the
CB[8]-bipyridinium pair to reversibly control the dimerization and the biological activity of
functional peptides has barely been explored.
In this work, we demonstrate that the conjugation of a 4,4′-bipyridinium scaffold to the basic
region of the GCN4 bZip transcription factor [4] can be exploited to control the dimerization of the
conjugate by formation of a supramolecular complex with CB[8].[5] Remarkably, this
supramolecular complex is able to specifically recognize its target dsDNA (Figure 1), and this
binding can be reversibly switched by the application of external stimuli.

Figure 1. Schematic representation of the formation and binding of the homoternary
complex with its target dsDNA.
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PICOMOLAR AND SELECTIVE INHIBITION OF OGA BY DNJTHIAZOLIDINES: IDENTIFICATION OF NEW POST-TRANSLATIONAL
MODIFICATIONS
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The incorporation of O-GlcNAc motifs to serine or threonine residues in proteins is a posttranslational modification implicated in the etiology of several diseases including neurological
disorders and cancers. Thus, the O-GlcNAc moiety plays a prominent role in the dynamic
equilibrium between phosphorylation and glycosylation in proteins with relevant biological
functions such as tau protein. Maintaining healthy O-GlcNAc levels by selective inhibition of
human O-GlcNAcase (hOGA) could help block pathological hyperphosphorylation of tau, thereby
avoiding the formation of tau oligomers and neurofibrillary tangles (NFTs), a hallmark of
Alzheimer’s disease (AD). Small molecule OGA inhibitors, such as Thiamet-G[1] or the recently
developed MK-8719, have been considered for treatment of AD and related tauopathies. In this
work, we expand the scope of iminosugar-type hOGA inhibitors to a new prototype (DNJCthiazolidines) that combines the most advantageous structural features already identified in
several known hOGA inhibitor families. Structural analysis of these inhibitors in complex with
human OGA reveals the basis for their exceptional potency and shows that they extend out of the
enzyme active site cleft. We created a high affinity probe that enabled one-step isolation of OGA
from brain, assisted by magnetic nanoparticles, and mapping post-translational modification sites
in the enzyme. The chemical synthesis of these DNJC-thiazolidines, X-ray analysis with OGA,
biological evaluation and chemoproteomic profiling will be presented.[2]

Figure 1. Schematic representation of the probe compound developed for chemoproteomic
mapping of OGA.
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SELECTIVE BRD4 DEGRADATION IN HER2+ PHENOTYPES WITH
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Proteolysis Targeting Chimeras (PROTACs) have gained momentum as a promising strategy in
chemical biology and drug discovery.[1] Albeit the tremendous potential of this technology against
a large number of targets across the human proteome has been well stablished, most degraders
reported to date show limited intrinsic tissue selectivity and do not discriminate between cells of
different types. Herein we describe a strategy to achieve selective protein degradation in a specific
cell type.[2] We report the design and synthesis of a trastuzumab-PROTAC conjugate (AbPROTAC 3) in which E3 ligase-directed degrader activity is caged with an antibody linker which
can be hydrolyzed following antibody−PROTAC internalization, releasing the active PROTAC and
inducing catalytic protein degradation. We show that 3 selectively targets bromodomaincontaining protein 4 (BRD4) for degradation only in HER2 positive breast cancer cell lines, while
sparing HER2 negative cells. Using live cell confocal microscopy, we show internalization and
lysosomal trafficking of the conjugate specifically in HER2 positive cells, leading to the release of
active PROTAC in quantities sufficient to induce potent BRD4 degradation. These studies
demonstrate proof-of-concept for tissue-specific BRD4 degradation, overcoming limitations of
PROTAC selectivity, with significant potential for application to novel targets.
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The versatility and biocompatibility of peptides make them ideal tools for the construction
of functional materials.[1] In this regard, self-assembling cyclic peptide nanotubes (SCPNs) are a
class of hollow supramolecular polymers formed by the stacking of peptide macrocycles through
-sheet interactions.[2] These tubular assemblies are among the most versatile nanostructures
due to their structural properties can be easily modulated for different applications, such as ion
transmembrane transport[3] or antimicrobial activity.[4] However, it remains a challenge to be able
to precisely control the nanotube dynamics. To overcome this problem and inspired by the ability
of light to regulate some biological functions, recently our group has been focused on the study
of light-induced changes in the SCPN self-assembling properties.[5]
In this work, we present the design, synthesis and application of new photoregulated
SCPNs in which the self-assembly process can be modulated by light irradiation. These cyclic
peptides were synthetized by solid-phase synthesis and their stimuli-responsive self-assembly
properties were investigated through various techniques. We envisage that these photoswitching
properties can make these peptide assemblies excellent candidates for biomedical applications.

Figure 1. Graphical illustration of the photomodulated self-assembly process of peptide
nanotubes.
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Absorption, distribution, metabolism, excretion, pharmacokinetic, and toxicology studies
relevant for polymer-drug conjugates (PDC) evaluations require an understanding of the free drug
and metabolite distribution within both healthy and diseased tissues. While established methods
(whole-body autoradiography) require a radiolabel and therefore suffer from disadvantages, such
as a lack of specificity (the inability to distinguish parent drug from its metabolites), matrix-assisted
laser desorption-ionization mass spectrometry imaging (MALDI-MSI - a label-free technique) has
emerged as a valuable means of localizing both drugs and metabolites in biological tissues[1]. MSI
also offers the ability to separately localize exogenously administered drugs and endogenous
compounds, which often represent biological markers of therapeutic effect, disease progression,
or toxicity. Our overall aim was to develop single and combination PDCs for the treatment of triple
negative breast cancer (TNBC). Specifically, we aimed to evaluate the toxicity of developed PDCs
using MDA-MB231-LUC2 TNBC cell lines in two different models (three-dimensional [3D]
suspension, and 3D matrix embedded), implement MSI for enhanced characterization of these
models, and establish treatment-dependent metabolites to aid the development of PDC
candidates. Moreover, we investigated the potential of MALDI-MSI to evaluate drug
activity/spatial distribution and responses following treatment with a combination PDC.
We synthesized single and combination PDCs by conjugating inhibitors of the Rhoassociated protein kinase and cyclin-dependent kinase to a polyglutamic acid carrier using selfimmolative bioresponsive linking moieties. All treatment groups (free drugs, single and
combination PDCs) exhibited higher toxicity in the 3D suspension model than the 3D matrix
embedded model. We hypothesize that drugs and PDCs face more difficulty penetrating the
complex matrix embedded model and its associated compact cell spheroids than the loose
aggregates formed in the suspension model. We obtained MALDI-MSI images of 3D aggregate
and spheroid models with characteristic metabolite profiles at two resolutions (30 µm and 10 µm)
to verify our hypothesis. MALDI-MSI images were correlated with H&E staining to confirm the
distribution/localization of spheroids in the samples. MSI metabolomics demonstrated that
treatment with free drugs significantly altered the levels of metabolites such as phosphorylcholine
and glycerophospholipids, while the treatment with combination PDCs altered glutamine levels.
Ongoing metabolomics data analysis is comparing the 3D models at the metabolite level to
correlate results with toxicity. While we were unable to detect drug distribution in TNBC cell
models after release from PDCs by MALDI-MSI due to the high limit of detection (LOD), we aim
to use desorption electrospray ionization instead of MALDI as an ionization source for MSI to
lower the LOD and obtain a multimodal MSI platform for the PDCs characterization.
[1] Palubeckaitė I. et al. Cross N. Mass spectrometry imaging of endogenous metabolites in
response to doxorubicin in a novel 3D osteosarcoma cell culture model, J Mass Spectrometry,
2020;55:e4461
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DRUGGING THE UNDRUGGABLE: ASSOCIATION OF TRYPTOPHAN
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Traditionally, proteins that do not contain a deep hydrophobic pocket have been considered
as undruggable. Many efforts have been recently made to turn them into druggable targets even
if they lacked obvious association sites. Nevertheless, blocking a flat protein surface to prevent
protein-protein interactions is still a challenge.
Molecules showing specific interactions with the amino acid side chains can help to develop
useful new drugs. In fact, several receptors selective for single amino acids have already been
published.[1]
In this work we exploit the charge transfer properties of the rich indole fragment of
tryptophan to develop new molecular receptors based on electron poor aromatic rings.
Combination of this initial binding point with other binding sites provide the expected cooperative
effects[2] which will lead to a reasonable high association constant and selectivity towards a certain
protein.

Figure 1. a) Classical approach: “easy” to target. b) New strategy targeting tryptophan
amino acids.
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PARAMAGNETISM IS ON OUR SIDE: LANTHANIDE BINDING TAG TO
ELUCIDATE DC-SIGN-MAN9 INTERACTION
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DC-SIGN (Dendritic Cell-Specific Intercellular adhesion molecule-3-Grabbing Nonintegrin) is a C-type lectin presents on the surface of immature dendritic cells that plays a key role
in the immune system.[1,2] The main carbohydrate ligand recognized by DC-SIGN is the highmannose glycan, (Man)9(GlcNAc)2, with the mannosyl nonasaccharide (Man9) being the main
epitope to interact with this receptor. Our research group is interested in the interaction of the
Man9 epitope and/or multivalent sugar-decorated glycoconjugates with DC-SIGN due to the
enormous relevance in several biological events.[3] Understanding the mechanisms underlying
the recognition step is crucial in the development of effective glycomimetics. Indeed, NMR has
proved to be fundamental for accessing structural and dynamic information concerning glycans
in their free and bound states. Unfortunately, elucidation of branched, pseudo-symmetric
oligosaccharides by NMR has proved to be challenging due to frequent signal overlapping.

Figure 1: Man9 with lanthanide chelating tag and DC-SIGN
In this context, the use of paramagnetic nuclei, such as lanthanide ions, has become a
powerful tool in NMR studies of biomacromolecules.[4,5] Based on our previous experience with
the straightforward consecutive synthesis of -Man9,[3] we proposed the use of this
oligosaccharide covalently linked to a lanthanide chelating tag (Figure 1) in order to gain more
insights into DC-SIGN-Man9 interaction by NMR.
References
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NEW FLUORESCENT SENSOR FOR THE DETECTION OF TYROSINASE
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Fluorescent probes are currently widely used to monitor various biological activities by
fluorescence microscopy imaging. One fluorophore considered of interest for its great
photophysical advantages is dicyanomethylene-4H-pyran (DCM-NH2), a derivative of benzopyran
[1]. On the other hand, monooxygenases are enzymes that incorporate a hydroxyl group to a
substrate in many metabolic pathways. Specifically, tyrosinase (TYR) is a copper-dependent
metalloenzyme, which, in the presence of molecular oxygen, catalyses the hydroxylation of
phenol derivatives from monophenols to o-diphenols, and subsequently the oxidation of these to
o-quinones. This enzyme, which is widespread in animals, microorganisms and plants, plays a
crucial role as a biomarker of melanoma [2], given its overexpression in this type of tumour cells
In this work, a new fluorescent biosensor (DCM-2) has been synthesized, its photophysical
characterization has been carried out and it has been used to detect tyrosinase activity in tumour
cells. For this purpose, this derivative has been linked to a tyrosine analogue, which deactivates
the NIR fluorescence of DCM-NH2 due to the strong electron acceptor effect of the amide bond.
Photophysical characterization has been
carried out by both UV-Vis and fluorescence
300
spectroscopy.

Intensity / a.u.

250

The activation of the probe by
tyrosinase induces a remarkable redshift of
its emission from 556 to 660 nm (fig.1), which
allows to obtain a ratiometric NIR response
applicable to real-time detection of the
enzyme activity in biological media. Finally,
this compound has been tested on A375 and
MEL1 melanoma cell lines. The results
obtained demonstrate the usefulness of this
compound for detecting cellular tyrosinase
activity.
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Fig. 1. Evolution of the emission spectra of DCM−2
with TYR observed every 1 min for 3 h by excitation
at 450 nm at T = 37 °C
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FLUORO-LABELLED SP2-IMINOSUGAR GLYCOLIPIDS WITH
ANTIPROLIFERATIVE AND ANTI-INFLAMMATORY PROPERTIES
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The growing awareness of glycolipids as main players in the regulation of the innate
immune response has boosted research in metabolically stable analogs as candidates for the
treatment and prevention of a variety of conditions, from cancer to parasitic infections or
inflammatory disorders.[1] Conjugates conjoining a sp2-iminosugar glycone and a lipid aglycone,
generically termed sp2-iminosugar glycolipids (sp2-IGLs), have proven particularly useful for this
endeavour. The presence of a pseudoamide-type nitrogen in the glycomimetic portion, in place of
the endocyclic oxygen in monosaccharides, further enables total α-stereocontrol in the key
glycosylation step and imparts chemical and enzymatic stability to the resulting
α-pseudoglycosides.[2] A representative example of sp2-IGL is the dodecylsulfone derivative
DSO2-ONJ, which has been highlighted for its anti-inflammatory activity in the context of diabetic
retinopathy. Computational experiments suggested that DSO2-ONJ can bind to the lipid-binding
pocket of the mitogen-activated protein kinase (MAPK) p38α, a master regulator of several
immune response intracellular routes, inducing its autophosphorylation (Figure 1, left). [2]
Motivated by the often-beneficial effect of introducing fluoro substituents on a medicinal
chemistry perspective and the role of the fluorine atom as a tag to conduct NMR studies, [3] we
planned the synthesis of the 2-deoxy-2-fluoro-sp2-IGL analog 2-F-DSO2-ONJ and the preparation
of the corresponding 2-deoxy derivative 2-D-DSO2-ONJ as a control (Figure 1, right). In this work
we present the synthesis and the preliminary biological evaluation as anti-inflammatory and
antiproliferative agents of both sp2-IGLs. The data show that removal of the hydroxyl group at
position C-2 is detrimental, but the presence of the fluoro substituent fully restores the biological
activity.

Figure 1. Structures of the sp2-IGLs DSO2-ONJ, 2-F-DSO2-ONJ and 2-D-DSO2-ONJ.
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In addition to the well-known platinum-derived metallodrugs, ruthenium complexes have
been studied as anticancer agents.[1] In the light of the promising progress made by these family
of complexes over the years, recently our research group synthesized Ru(II) complexes with a
pseudo-octahedral piano stool structure bearing the ligand dmoPTA (dmoPTA = 3,7-dimethyl1,3,7-triaza-5-phosphabyciclo[3.3.1]nonane). This ligand allows the coordination of ruthenium by
its P atom and a second metal through its methylated nitrogen atoms, giving rise to a new family
of hetero-bimetallic complexes.
The introduction of the dmoPTA ligand to the complexes offers different structural diversity,
with an emphasis on the ruthenium-heterometal compounds derived from the well-known
anticancer active CpRu complexes with general formula [RuCp(L)(L’)--dmoPTA-P,N,N’-MX2]+
(L, L’ = PPh3, halogens and water soluble phosphines; M = transition metal; X = ancillary ligand).
The most recent compound of this family that we have synthesized is the [RuCp(PPh3)2-µdmoPTA-1P:22N,N'-ZnCl2]+, which showed an increase in antiproliferative activity against both
cisplatin-resistant and not resistant cancer cells and a three times higher activity for cancer versus
non-carcinogenic cell lines.[2]

Scheme 1. Synthesis of 11.

Figure 1. Crystal structure of 11.

In this communication, we present a new member of this family, the Ru-Pd complex
[RuCp(PPh3)2-µ-dmoPTA-1P:22N,N'-PdCl2]+ (11) together with its most relevant biological
properties.
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A RIGIDIFIED DERIVATIVE OF THE NON-MACROCYCLIC LIGAND
H4OCTAPA FOR STABLE LANTHANIDE(III) COMPLEXATION
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The important number of medicinal applications of Ln(III) complexes, such as the use of Gd3+
complexes as contrast agents in Magnetic Resonance Imaging (MRI),[1] their potential use as
radiopharmaceuticals (177Lu)[2] or in optical imaging and bioanalytical applications (Eu3+ or Tb3+)[3]
makes the study of their complexation in water a rising field. These applications require optimizing
different properties of the complexes, as thermodynamic stability, the number of water molecules
coordinated to the metal ion and the kinetics of dissociation, among others. The ligand
H4OCTAPA (Scheme ) was first designed for the synthesis of contrasts agents for MRI,[4]
however, more recently it was demonstrated its utility for the development of 111In, 90Y and 177Lu
radiopharmaceuticals.[5] In 2016 we reported a rigid version of H4OCTAPA (H4CHXOCTAPA,
Scheme ) that improves the inertness of H4OCTAPA for dissociation with dissociation rate
constants comparable to those of macrocyclic complexes such as [Gd(DO3A)].[6]

Scheme 1: Ligands presented in this communication.
In this communication, a detailed characterization of the Ln3+ complexes of H4CHXOCTAPA is
presented. (1H, 13C) NMR, including the analysis of the paramagnetic Yb3+-induced 1H NMR shifts,
are used for structure determination in solution. This demonstrated an unusual disposition of the
ligand in comparison with H4OCTAPA, as revealed by means of DFT calculations. The full
characterization of the relaxometric properties of the Gd3+ complex involving 1H Nuclear Magnetic
Relaxation Dispersion (NMRD) studies and 17O NMR chemical shifts and relaxation rates is also
presented. Finally, we determined the stability of some of the complexes across the lanthanide
series and assessed their kinetics of dissociation. The stabilities of the complexes with divalent
metal ions with biological relevance are also reported.
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Recent technological advances have led to improved management and treatment of severe
conditions and diseases, such as cancer. Mucins are large extracellular glycoproteins that exhibit
different glycosylation patterns and post-translational modifications between healthy and cancer
cells[1]. Mucin 1 (MUC1) is an abundant glycoprotein in cancer cells, that has a multifaceted role
in cancer development, cell proliferation, and migration[2,3]. These properties make MUC1 an
excellent antigen for cancer vaccine candidates. However, the low immunogenicity and stability
of the MUC1 are issues that have not been addressed yet. In a previous work[3], we tested the
efficacy of a nano-vaccine based on PEG coated gold nanoparticles (NPs). The lipid bilayer will
hide the NPs from the mononuclear phagocyte system (MPS) and prevent the adhesion of serum
proteins and biomolecules, ensuring effective antigen delivery. In this concept, we are now
developing an innovative vaccine platform; utilizing gold nanoparticles coated with a lipid bilayer
comprising of 1-palmitoyl-2-oleoyl-𝓈𝓃-glycero-3-phospho-(1'-𝓇𝒶𝒸-glycerol) (POPG) and 1palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC). Different MUC1 glycopeptides will be
synthesized by replacing some amino acids with unnatural fluorinated residues to enhance the
immunogenicity and the stability of the antigen. We will use solid-phase peptide synthesis to
prepare the derivatives and a strain-promoted azide–alkyne cycloaddition reaction for conjugating
the MUC1 antigens onto the coating. The loaded NPs will be characterized by standard
techniques and will be tested in mice.
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NEUROPROTECTIVE EFFECTS OF BENZODIHYDROFURAN CHALCONES
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Alzheimer's disease is a neurodegenerative and multifactorial disorder that happens to be the
leading cause of dementia in elderly patients.[1] This pathology's multifactorial nature makes a
thorough understanding of the global etiopathogenic process rather difficult. Nevertheless, the
amyloid cascade has been identified as one of the main pathologic events of this disorder.
Histologically, this condition is mainly characterized by amyloid plaques, which correspond to
extracellular and insoluble deposits formed by the amyloid peptide and neurofibrillary or
intracellular tangles derived from tau protein hyperphosphorylation.[2] Chalcones are natural
products, highly bioactive with a vast profile of therapeutical activities such as anti-inflammatory,
anticonvulsant, and neuroprotective [3]. In this study, sixteen chalcones were synthesized
employing the Claisen-Schmidt condensation under alkaline conditions, starting from a compound
derived from the fomannoxine, a natural benzodihydrofuran whose neuroprotective activity has
been proven and reported,[4] and methyl aromatic ketones with diverse substitution patterns. As
a result, chalcones were obtained with good to excellent reaction yield, from 50 to 88 %.

Chemical characterization was carried out by FTIR, NMR 1H, and NMR 13C; when needed,
bidimensional heteronuclear experiments were developed. Cytotoxicity of the synthesized
compounds was assessed, and their cytoprotective effect against the toxicity associated with amyloid peptide. The assessment was performed on PC12 cells, and viability was determined in
every case by the colorimetric assay MTT. Concentrations tested were 1000, 300, 100, 30, 10, 3
and 1 nmol/L in every case. Out of the sixteen chalcones obtained, only the 4-bromo substituted
happened to be cytotoxic at most of the tested concentrations, then its cytoprotective effect was
not assessed. The rest of the chalcones showed a cytoprotective effect against -amyloid peptide
toxicity. Biological evaluation as positive allosteric modulator over α7 nicotinic receptor is being
carried out to understand possible pathways of the mechanism of the cytoprotective effect. The
4-chloro substituted chalcone was the most promising since it showed a cytoprotective effect at
five tested concentrations.
Acknowledges. ANID Beca de Doctorado Nacional 21200635, ANID Gastos Operacionales
242210098, VRID-Multidisciplinario 220.023.056-M
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Organophosphate compounds (OPs), such as pesticides and chemical warfare agents (CWAs),
are accountable for thousands of deaths each year. OPs bind to the active center of the enzyme
acetylcholinesterase (AChE), inhibiting its function. Since this enzyme is responsible for the
degradation of the neurotransmitter acetylcholine, its inhibition causes an accumulation of this
neurotransmitter in the synaptic cleft which can lead to respiratory failure and eventually death.
Currently, the main treatment for OPs poisoning is the use of oximes (=N-OH), strong
nucleophiles capable of breaking the ester bond between the organophosphate and the enzyme
regenerating its activity. However, in order to become effective, the oxime treatment needs to be
continuous over time. On top of that, poor drug permeation through blood-brain barrier needs to
be improved. Consequently, finding new materials suitable as drug vehicles/delivery systems is
of high interest.
Zirconium-Metal-organic frameworks (Zr-MOFs) based on Zr6O4(OH)4 secondary building units
are being thoroughly studied for CWA detoxification as a consequence of the suitable combination
of materials robustness, high pore accessibility and a suitable combination of highly acidic Lewis
zirconium metal centers references. However, the extended nature of these materials, unless in
nanometric form, make them unsuitable for treatment of organophosphate intoxication. In this
regard, metal organic polyhedra (MOPs), which can be considered downsized units of MOFs can
lead to increased biocompatibility. We postulate that MOPs, with suitable functionalization, may
transport drug molecules by cell internalization and/or diffusion through the hematoencephalic
junction allowing the development of new platforms for organophosphate intoxication treatment.
In this work, we report the formation of robust n-butyl decorated tetrahedral Zr-MOPs of
[(ButylCpZr)3(OH)L]4Cl4 formulation. These cage assemblies are able to host and release
pralidoxime drug, under simulated physiological conditions, leading to the concomitant
reactivation of nerve agent simulant diisopropylfluorophosphate inhibited AChE.
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COMPOSITE IN THE DETECTION OF SPHINGOBACTERIA
Noelia Maldonadoa, Ana Latorreb, Félix Zamoraa,c, Álvaro Somozab, Carlos J. Gómez-Garcíad,
Agatha Bastida*e, Pilar Amo-Ochoa*a,c
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Madrid. 28049 Madrid, Spain
d
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Burjasot. Valencia, Spain
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This research raises the potential use of coordination polymers as new useful materials in
two essential research fields, allowing to obtain a new multi artificial enzyme capable of inhibiting
the resistant bacteria’s growth. The fine selection of bioinspired ligands allows the designs of a
new 2D Coordination Polymer (CP), with formula [Cu2(IBA)2(OH2)4]n·6nH2O[1], by the combination
of Cu(II) as the metal center with a pseudo amino acid (H2IBA =Isophthaloyl bis β-alanine).
Quantitative total X-Ray Fluorescence analysis show that the obtained CP can gradually release
Cu(II) ions.
This CP can be nano-processed and transformed into the metal-organic gel (MOG) by
using different Cu(II) salts concentrations and the application of ultrasounds. Considering its
nanometric dimensions, the slow Cu(II) release and its simple processability, its performance as
an artificial enzyme, and its antibacterial ability were explored. The results obtained show the first
nano-coordination polymer with triple enzymatic performance (peroxidase, catalase, and
superoxodismutase) exhibiting antibacterial activity in the presence of hydrogen peroxide[2], with
selective behavior for three bacterium strains (S. spiritovirum, A. faecales, and B. cereus).
Specially, this CP shows a more robust capacity of inhibition for Sphingobacterium,
belonging to the gram-negative class and which is resistant to the most common antibiotics such
as chloramphenicol ceftriaxone, kanamycin, gentamicin, amikacin, nalidixic acid, ciprofloxacin,
cefotaxime, ceftazidime, ampicillin and imipenem, cefazolin, cefuroxime, azlocillin, aztreonam
and ticarcillin. Going beyond that, as there are no comfortable and practically clinical tests capable
of detecting the presence of Sphingobacteria, this material can be easily embedded to form
moldable gelatin that will facilitate the handling and low-cost commercial kits.
References
[1] S. Lymperopoulou, et al. Influence of the metal salt on the self-assembly of isophthaloylbis-βalanine and Cu(II) ion. Polyhedron 2015, 89, 313-321.
[2] H. Qiu, et al. Hydrogel-based artificial enzyme for combating bacteria and accelerating wound
healing. Nano Res. 2020, 13, 496-502.
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CHEMICAL TOOLS TO DEVELOP PHARMACOLOGICAL CHAPERONE
THERAPY AGAINST TYROSINEMIA TYPE I
J. Gil-Martínez,a I. Maciasa, G. Bernardo-Seisdedosb, F. Lopitz-Otsoaa, D. Fernandez-Ramosa,
L. Unionec, B. Mateosa, J.M. Matoa, O. Milleta b
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Keywords: nuclear magnetic resonance, metabolic rare diseases, fumaryl acetoacetate
hydrolase, enzyme activity, protein stability, drug discovery
Hereditary Tyrosinemia Type I (HT1) is a rare autosomal recessive disease caused by
fumarylacetoacetate hydrolase (FAH) deficiency, the last enzyme in the tyrosine catabolism
pathway. Failure to catabolize tyrosine results in the accumulation of toxic metabolites, mainly in
the liver and kidney. Patients develop hepatocellular carcinoma and liver failure coupled with renal
tubular dysfunction, which can lead to early death[1]. Treatment with Nitisinone inhibits tyrosine
catabolism, and has successfully improved patients’ quality of life, but it does not solve the
underlying biochemical problem, carrying many undesired side effects.
At the molecular level, HT1-related mutations prevent FAH from dimer formation, the only active
species. Thus, small molecules designed to increase the intracellular dimer concentration (i. e.
pharmacological chaperones) constitute a new potential therapeutic intervention against HT1[2].
We screened several thousand compounds targeting FAH in order to discover pharmacological
chaperones that stabilize the dimeric form of a deleterious mutant of FAH. To that end, we
combined several stability and structural characterization techniques. We also generated a new
HT1 cellular model using CRISPR/Cas9 technology.
Our studies led to the improvement of the properties of our first hit compound, giving rise to a set
of small molecules that bind close to FAH active site and stabilize the dimeric active species.
These compounds significantly ameliorate the pathogenic phenotype of our HT1-cellular model.
Our in vitro results endorse the pharmacological chaperone therapy against HT1. In the future,
we will test these molecules in animal models to evaluate their potential benefit.

References
[1] G. Morrow, R. M. Tanguay. Hereditary Tyrosinemia. Advances in Experimental Medicine and
Biology, vol. 959, Springer, Cham, 2017.
[2] I. Macias, A. Lain, et al. Journal of Biological Chemistry. 2019, 294, 13051-13060.
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CONTROLING THE FATE AND FUNCTION OF PROTEINS WITH
PROXIMITY PHOTOPHARMACOLOGY
Dirk Traunera
a

New York University

e-mail: dirktrauner@nyu.edu
Keywords: Photopharmacology, Photoswitches, GPCRs, Actin Cytoskeleton, Proteolysis
Photopharmacology endeavors to control biological function with synthetic photoswitches that can
be attached covalently or non-covalently to their targets - or nearby. I will discuss potential
applications of photopharmacology in biology and medicine, in particular with respect to
controlling signal transduction and targeted protein degradation. I will make a case that "Proximity
Photopharmacology" is a particularly effective strategy to control the fate and function of proteins,
with an emphasis on applications in neuroscience.

References
[1] "In Vivo Photopharmacology", Hüll, K.; Morstein, J.; Trauner, D. Chem. Rev. 2018, 118,
10710–10747.
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FLUORESCENT MOLECULES AND NANOPARTICLES AS BRIGHT
PROBES FOR BIOSENSING AND BIOIMAGING
Andrey Klymchenko a
a

Nanochemistry and Bioimaging group, Laboratory of Bioimaging and Pathologies, CNRS UMR
7021, University of Strasbourg, Illkirch-Strasbourg, France
e-mail: andrey.klymchenko@unistra.fr

Keywords: dyes, polymeric nanoparticles, super-resolution imaging, biosensing, RNA.
Fluorescence biosensing and bioimaging rely on the performance of fluorescent tools –
probes, which light up biomolecular processes and cellular structures. Of particular interest are
advanced fluorescent molecular probes that change their color (solvatochromic dyes) or intensity
(fluorogenic dyes) in response to cellular targets.[1] Probes based on solvatochromic dyes enable
super-resolution imaging of plasma membrane organization,[2] polarity mapping of cells and
specific organelles in response to stress.[3] Specially designed fluorogenic probes, on the other
hand, allow background free imaging of target G protein coupled receptors[4] and intracellular
RNA.[5] To go beyond the limits of brightness of organic dyes, we work on fluorescent dye-loaded
organic nanoparticles.[6] So far, we have already developed polymeric nanoparticles with size
ranging from 7 till 100 nm and >100-fold higher brightness than semiconductor quantum dots of
similar size.[7] Small size <23 nm was found essential for their free diffusion inside live cells.[8]
Using nanoparticles of different color, we introduced a technique for long-term barcoding of living
cells.[9] These ultrabright nano-objects can operate as light-harvesting nanoantennas for single
molecule detectioin.[7a] Their functionalization with DNA yields FRET-based color switching
nanoprobes for amplified detection nucleic acid cancer markers,[10] and imaging of the latter inside
cells.[11]

ERC consolidator grant BrightSens 648528 is acknowledged for the financial support.
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[3] D. I. Danylchuk, P. H. Jouard, A. S. Klymchenko, J. Am. Chem. Soc. 2021, 143, 912.
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[8] A. Reisch, D. Heimburger, P. Ernst, A. Runser, P. Didier, D. Dujardin, A. S. Klymchenko, Adv.
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[9] B. Andreiuk, A. Reisch, M. Lindecker, G. Follain, N. Peyrieras, J. G. Goetz, A. S. Klymchenko,
Small 2017, 13.
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a) N. Melnychuk, A. S. Klymchenko, J. Am. Chem. Soc. 2018, 140, 10856; b) S. Egloff,
N. Melnychuk, A. Reisch, S. Martin, A. S. Klymchenko, Biosens. Bioelectron. 2021, 179.
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CHEMIGENETIC MOLECULAR TOOLS FOR BIOLOGICAL IMAGING
Claire Deo
European Molecular Biology Laboratory (EMBL), Cell Biology and Biophysics Unit
e-mail: claire.deo@embl.de
Keywords: fluorescence, chemigenetic, biosensors
The fundamental challenge of modern biology is to unravel how biomolecules regulate
the complex functions of cells. Fluorescence microscopy has become a powerful tool to decipher
the molecular underpinnings of biological systems, as it allows monitoring of biochemical details
inside cells with high spatial and temporal resolution. However, the investigation of many intricate
cellular processes is only beginning and new discoveries will require more effective fluorescent
reporters. Our group focusses on the development of the next-generation of molecular tools,
capable of robustly reporting dynamic processes in living systems. For this purpose, we use a
“chemigenetic” approach, by combining the superior photophysics of synthetic fluorophores, with
the specificity of genetically encoded biomolecules. In this talk, I will present our recent work on
the development of sensitive biosensors based on the HaloTag-rhodamine scaffold.

References
[1] S. R. Batten, S. M. Neville, D. R.Turner Coordination Polymers. Design, Analysis and
Application RSC Publishing, Cambridge, 2009.
[2] E. Quartapelle-Procopio, F Linares, et al. Angew. Chem. Int Ed. 2010, 46, 1-5.
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ACTIVATABLE FLUOROPHORES FOR SELECTIVE IMAGING AND
PHOTODAMAGE OF AMYLOID STRUCTURES IN BACTERIAL BIOFILMS
Joaquim Torra,a Taka Sawazaki,b Santi Nonell,c Motomu Kanai,d Youhei Sohma,b and Cristina
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Amyloids are highly ordered protein aggregates that are most known as a hallmark of many
neurodegenerative disorders. In recent years, photochemical tools for blocking amyloid
aggregation have been devised. We have contributed to this toolbox with a Thioflavin T (ThT)
halogenated derivative that selectively photo-oxidizes pathogenic aggregates through singlet
oxygen photosensitization,[1] and used advanced spectroscopy and correlative microscopy to
shed light onto the complex mechanism of light-induced amyloid breakage.[2] To extend this
strategy to the NIR, activatable iodinated boron dypirromethene (BODIPY) derivatives were
developed, which showed a greater efficiency of amyloid photo-oxidation.[3] This enhanced
efficiency suggested their potential use in other settings in which amyloid formation is highly
regulated and gives rise to complex and robust structures, such as in bacterial biofilms. We found
that these BODIPY derivatives, which are activated through a polarity effect upon binding, have
exquisite selectivity towards amyloids in the biofilm extracellular matrix (ECM). This property can
be exploited in fluorescence microscopy to stain the ECM of uropathogenic bacterial biofilms,
displaying a superior selectivity compared to ThT, the gold standard for amyloid detection (Figure
1). Moreover, we show that the ability of these compounds to photosensitize ROS upon binding
can be used to weaken the mechanical barrier of the ECM and restore the activity of conventional
antimicrobial agents, whose effect is strongly limited in intact biofilms. The combination of
activatable NIR fluorescence and photosensitizing properties of these compounds upon binding
to amyloid structures provides a powerful theranostic tool for simultaneous detection and
treatment of pathogenic biofilm infections.

Figure 1. Fluorescence images of pathogenic UTI89 biofilms stained with a BODIPY derivative
(red) showing high specificity towards the ECM compared to ThT. Scale bar 5 µm.
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[3] T. Suzuki, Y. Hori, T. Sawazaki, Y. Shimizu, et al, Chem. Commun. 2019, 51, 6165.
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PHOTOCHROMIC SWITCHING OF TWO-PHOTON ABSORBING DYES
WITH POTENTIAL FOR INCREASED SPATIAL RESOLUTION
Uwe Pischel,a Carlos Benitez-Martin,b,c Shiming Li,b Antonio Dominguez-Alfaro,a Francisco
Najera,c Ezequiel Pérez-Inestrosac and Joakim Andréassonb
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Fluorescent dyes with the capacity of two-photon absorption (2PA) enjoy remarkable
preference in imaging and for molecular data storage.[1] Among other reasons, this is related to
the quadratic power dependence of excitation probability on excitation light intensity. The
consequence is a much higher concentration of excited dye molecules in the focal point of the
excitation beam, which translates into spatially confined fluorescence. By using 3PA or 4PA dyes
the spatial resolution of fluorescence could be tremendously improved. However, on the downside
these dyes require relatively high laser-excitation intensities and wavelengths that go commonly
above 1200 nm.

In this contribution we present an alternative solution, which makes use of a construct
between a 2PA dye (a fluorene derivative) and a photoswitch (a dithienylethene derivative); see
Figure.[2] The two-photon excited dye can implicate with the closed form of the photoswitch via
Förster resonance energy transfer, conferring two-photon character to the ring opening. This is
entangled with the per se biphotonic nature of the excitation of the dye. As a result of this
conjugation, the fluorescence response of the dye corresponds nearly to the behavior of a 4PA
dye. The molecular design, photophysical characterization, and proof-of-principle experiment will
be discussed in detail.

References
[1] M. Pawlicki, H. Collins, R. Denning, H. Anderson, Angew. Chem., Int. Ed. 2009, 48, 32443266.
[2] C. Benitez-Martin, S. M. Li, A. Dominguez-Alfaro, F. Najera, E. Pérez-Inestrosa, U. Pischel,
J. Andréasson, J. Am. Chem. Soc. 2020, 142, 14854-14858.
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OPTICAL CONTROL OF THE FOLDING AND MEMBRANE
TOPOLOGY OF HELICAL TRANSMEMBRANE PROTEIN FRAGMENTS
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The spontaneous (translocon-unassisted) folding/insertion of helical transmembrane (TM)
protein fragments into lipid bilayers is driven by three sequential equilibria: solution-to-membrane
interface (MI) partition, unstructured-to-helical folding, and MI-to-TM helix insertion [1].
Understanding the molecular mechanism underlaying these steps has been challenged by the
lack of suitable experimental approaches to perturb protein fragments rapidly and reversibly out
of equilibrium once reconstituted in membranes.
We have been actively working in implementing a strategy to control/perturb the folding
and membrane topology of protein fragments with light. We have started with a 24-residues-long
hydrophobic α-helical polypeptide from the KALP family as a model for a helical transmembrane
protein fragment. We introduced two Cys to KALP and coupled it to an azobenzene photoswitch
(KCALP-azo), as done before for helical soluble protein fragments [2]. By polarized FTIR
spectroscopy we determined that KCALP-azo (trans azobenzene) folds as a TM α-helix, as KALP
does, with a helix tilt angle of 32 ± 5. After trans-to-cis photoisomerization of the azobenzene
moiety with UV light (reversed with blue light), we confirmed the optical control of the membrane
topology of KCALP-azo: its helix tilt changes reversibly from 32 ± 5° (TM topology, blue light) to
79 ± 8° (MI topology, UV light) [3].

Figure 1 – Model for the light-induced changes in the membrane topology of the peptide
KCALP-azo (helical structure represented as a cylinder) as a function of the isomeric state of the
covalently attached azobenzene group. Inset: light-induced FTIR difference spectrum in the plane
(x,y) and perpendicular (z) to the lipidic membrane surface, reporting on changes in the helix
orientation of KCALP-azo from 32o to 79o.
We have started to use short UV and blue light pulses in combination with time-resolved
FTIR difference spectroscopy [4]. These experiments exploit the here achieved optical control to
provide a detailed picture on how a membrane interface helical fragment inserts in lipidic
membrane, a relevant information currently only available from MD simulations [5].
References
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[4] V.A. Lorenz-Fonfria. Chem. Rev. 2020, 120, 3466–3576.
[5] M.B. Ulmschneider, …, S.H. White. Nat. Commun. 2014. 5, 4863.
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ONE SCIENCE THAT RULES THEM ALL: CHEMICAL CONTROL OVER
OPTICAL TRAPPING
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So far, the optical trapping potential has been only controlled by tuning the optical
conditions. Herein, for the first time, we report an approach, in which the induced optical force or
optical potential is controlled, by an external chemical stimulus. The key to realize this is optical
trapping in conjunction with resonant excitation, the so-called optical resonance effect (ORE).
Recently, we reported that the optical resonance force can be heavily enhanced at an interface
(a 4-fold trapping stiffness enhancement compared to the 10-35% in bulk solution).[1] The
resonance force can be even stronger than the scattering and gradient force combined. This
unprecedented trapping stiffness enhancement can be attributed to the simultaneous use of two
different lasers. Typically, the trapping laser is resonant with the S0-S1 transition. Instead in our
scheme, a widefield laser excites the dye to the first singlet excited state (S0-S1) while the trapping
laser is resonant with an upper excited state transition (S1-Sn). Under this condition, the number
of optical resonant cycles (S1-Sn-S1 vs S0-S1-S0) is widely increased due to the shorter Sn lifetime
compared to S1 (picosecond vs nanosecond range).
In principle, the upper excited-state optical resonant cycle concept can be expanded to
other types of excited states, such as triplets. For this purpose, phenalenone, a well-known triplet
photosensitizer, is embedded inside polystyrene particles. The optical resonance effect is
achieved through a two-laser system: a 405 nm widefield laser to excite the phenalenone
molecules to T1 and a 488 nm trapping laser to induce the T1-Tn-T1 resonance cycle (as
phenalenone has a positive transient absorption signal at that wavelength). Since oxygen is an
excellent triplet quencher, the triplet populations and hence the optical force is controlled by
changing the dissolved oxygen concentration. The results presented here pave the way to
chemically control the optical force through ORE with promising applications in several research
fields ranging from physics to biology.

Reference
[1] R. Bresolí-Obach, T. Kudo, et al. ACS Photonics 2021, 8, 1832-1839.
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STRONG AND LONG-LIVED CIRCULARLY POLARIZED LUMINESCENCE
FROM CHIRAL CR(III) COMPLEXES
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Circularly Polarized Luminescence (CPL) is a matter of study not only because it provides
valuable information about the structure of the excited-states in chiral chromophores, but also
because it is a powerful tool in the field of bio-applications and material sciences. To quantify the
degree of CPL, the dissymmetry factor (glum) comes into the play. It can reach maximum values
of -2 ≤ glum ≤ 2 when either pure right- or left-handed polarized light are emitted. Chiral
chromophores based on organic molecules and 4d and 5d metal complexes can be
straightforwardly prepared but they usually suffer from low glum because of the strong electricdipole (ED) character of their radiative transitions.[1] Since glum depends mainly on the ratio
between the magnetic-dipole (MD) and the ED transitions vectors, transitions that are MD allowed
and ED forbidden are likely to provide large glum. For instance, some f-f transitions can fulfil these
requirements and 4f-based metal complexes are therefore the best candidates in the field of
CPL.[2] However, (i) 4f metals require considerable production costs and (ii) 4f-based metal
complexes are usually labile which can make difficult chiral resolutions and subsequent CPL
solution studies. Alternatively, chiral complexes based on earth-abundant metals, particularly
those incorporating the “inert” Cr(III) ion, benefit from a renewed interest according to their
favourable metal-centered electronic transition (ED forbidden and MD allowed). In this
contribution, we will discuss the chiral resolution and photophysical properties of the inert P/M
[Cr(dqpR)2]3+ (dqp = 2,6-di(quinolin-8-yl)pyridine; R = H, OCH3, Br or C≡CH) chromophores which
showed a dual polarized emission arising from the two Cr-centered spin-flip transitions with glum
of up to 0.2 (Figure 1).[3] This work demonstrates that d-d transitions can compete with f-f
transitions in generating large glum. The long-lived CP-NIR emission provided by these
chromophores (millisecond range) in aqueous solution opens the way toward the quantification
of chiral targets in biological systems with time-gated detection. Thus, such chiral chromophores
based on earth abundant and inert 3d metals open new perspectives in the field of CPL and
represent an alternative to precious 4d, 5d and to labile 4f metal-based complexes.
References
[1] K., Dhbaibi, L. Favereau, and J. Crassous, J. Enantioenriched Helicenes and Helicenoids
Containing Main-Group Elements (B, Si, N, P). Chem. Rev. 2019, 119, 8846. [2] F. Zinna, and L.
Di Bari, Lanthanide Circularly Polarized Luminescence: Bases and Applications. Chirality, 2015,
27, 1-13. [3] J.R. Jiménez, B. Doistau, C. Moreno, C. Besnard, J.M. Cuerva, A. G. Campaña, C.
Piguet, J. Am. Chem. Soc, 2019, 141, 13244. Angew. Chem. Int. Ed., 2021, 60, 10095
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BENCH-TO-BEDSIDE TRANSLATION OF FLUORESCENT PROBES FOR
FIRST-IN-HUMAN IMAGING STUDIES
Charles Lochenie, Emma Duffy, Jamie Scott, Nicole Barth, Lorena Mendive-Tapia, Kev
Dhaliwal, and Marc Vendrell
Centre for Inflammation Research, University of Edinburgh, UK
e-mail: clocheni@ed.ac.uk
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Apo-15 (a.k.a. ApoTrackerTM Green, Figure 1), is a BODIPY macrocyclic turn-on probe to
selectively stain apoptotic cells in vitro and in preclinical models.[1] In mouse models, Apo-15 was
used to assess the efficacy of anti-inflammatory and anti-cancer drugs.[2] The translation of Apo15 to a clinical setting could help physicians to understand disease progression, establishing a
prognosis, and deciding on a given therapy.

Figure 1. Apo-15 peptide as a turn-on fluorescent probe in apoptotic (right) vs. viable cells
(left). From reference [1].
The Healthcare Technology Accelerator Facility (HTAF, CIR, UoE) has successfully
translated peptide-based imaging probes to first in-human imaging studies using fibre-based
fluorescence endoscopy.[3,4] In a recent study, we aimed at translating Apo15 from bench to
bedside as the first ever BODIPY-containing imaging probe used in a clinical trial.
For this purpose, we set up translational pathway including: 1) process chemistry to scaleup the manufacturing of clinical-grade Apo-15, 2) the optimization of a formulation for the probe,
3) the manufacture of a stable and sterile drug product, and 4) the design of pre-clinical studies
(GLP toxicity, ex vivo human lung model) to further use Apo-15 in future studies in humans.
References:
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Unraveling intracellular processes via luminescent probes is quite challenging due to high
concentration of proteins and an intertwined framework of cellular organelles, which makes it very
difficult to develop robust quantitative biosensors. In this work we took advantage of the excellent
photophysical properties of 2-metoxy-9-acridone derivatives [1,2] to develop an innovative
imaging method that allows a very sensitive detection of intracellular polarity with high temporal
resolution based on dynamic excimers formation on the nanosecond scale.[3] Using this novel
methodology, we specifically tracked lipid droplets, detecting small polarity changes, which opens
the door to employing this methodology for accurately following intracellular processes involving
polarity variations.

Scheme 1. Schematic of DYNEX concept: selective formation of dynamic excimers of dye in lipid
droplets
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Fluorescence biosensors are indispensable basic tools in modern biology. These type of
molecules allow real-time visualization of biological events inside living cells. Especially important
in many of these processes (proliferation, apoptosis or defense tasks) is the control of the cellular
pH.[1] In consequence, a great variety of structural models have been developed for pH bioimaging
in fluorescence microscopy.[2] Nonetheless, these efforts have been mainly focused on the
development of one-photon (OP) probes.
Recently, we described a biosensor with excellent photophysical properties and
appropriate two-photon absorption (TPA) behavior. This sensor allows selective and specific
detection of hydroxyl radicals solely inside lysosomes.[3] Based on this scaffold, we have
synthesized and characterized new TPA fluorescent probes. These molecules have an “off-on”
response to different pH environments with a strong selectivity and sensitivity toward H +. These
naphthalene-indolenine derivatives have a high synthetic versatility through affordable and
efficient synthesis. The synthetic modification of this model allows tuning subcellular targets
through minor modifications and without affecting their emission properties. The effectiveness of
these probes and their structural modifications for different pH-related applications has been
probed in mouse embrionary fibroblast (MEF) cells.

References
[1] L. K.Truman, S. Comby, T. Gunnlaugsson Angew. Chemie-Int. Ed. 2012, 51, 9624.
[2] D. Wencel, T. Abel, C. McDonagh Anal. Chem. 2014, 86, 15.
[3] C. Benitez-Martin, J. A. Guadix, J. R. Pearson, F. Najera, J. M. Perez-Pomares, E. PerezInestrosa Sens. Actuators B Chem. 2019, 284, 744.

345

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S08-FP02

MULTICOMPONENT REACTION ACCESS TO THE GFP CHROMOPHORE
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The chemical reaction space of a given transformation is defined by the parameters that
can potentially affect its outcome (scope of reactants, catalysts, reaction conditions, etc.). A
proper charting of these elements is extremely useful as it can facilitate the obtention of the
desired results, can predict new combinations, and furthermore may facilitate reaction discovery
processes.
The nature of multicomponent reactions (MCRs) makes them extremely sensitive to
variations within the chemical space, which may even lead to new connectivity patterns and
scaffolds using the same reactants. In this context, we have analyzed the interaction between
aldehydes, amines, and methyl isocyanoacetate, previously known to yield 2-imidazolines.[1]
Herein, we present a new multicomponent process that generates unsaturated imidazolones,
analogues to the chromophore of the Green Fluorescent Protein (GFP) (Figure 1A).
The chemical space of a reaction includes the stoichiometry of the reactants. In this
particular case, an excess of the amino component completely modifies the result, providing direct
access to natural products and analogues in a 4-CR (Figure 1A). The resulting amino-GFPs are
also highly relevant in Medicinal Chemistry as kinase inhibitors[2] and antibiotics.[3]
Such addition of amines into the GFP core yields non-conjugated addition adducts which,
similarly to the biological synthesis of the GFP chromophore, are converted to a conjugated
system upon oxidation, providing the core its fluorescence (Figure 1B). We have envisioned using
the addition adduct intermediates as oxidation dependent turn-on fluorescent probes. New results
around this idea and the overall chemistry will also be presented.

Figure 1 A) Different outcomes of the MCR involving aldehydes, amines, and methyl
isocyanoacetate depending on variations of the chemical reaction space. B) Oxidation of the
adducts 1 lead to the conjugated fluorescent amino-GFPs 2.
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This work had the aim to disclose a new strategy for developing novel devices and
materials endowed with programmable photoresponsive properties. Recently, stilbazolium salts
were explored as a new class of photoresponsive components for the synthesis of oriented
pseudorotaxanes. In a previous work, it was evidenced that a calix[6]arene-based wheel[1] can
bind, in non-polar media, a stilbazolium salt to yield a mixture of pseudorotaxane orientational
isomers.[2] The ratio of these isomers is not fixed, and it can be reversibly tuned by changing the
temperature and the solvent. The two orientational isomers experienced spectroscopic properties
depending on the orientation of the axle inside of the non-palindromic wheel.

Figure 1. a. calix[6]arene-based orientational pseudorotaxanes;[2] b. rotaxane
orientational isomers UP, and DOWN.
The synthesis and the spectroscopic studies of two oriented rotaxanes will be reported
(DOWN and UP in Figure 1). Our results demonstrate that not only the confinement of a guest
but also its orientation inside the host can be employed as tools to tune the spectroscopic
properties.
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The development of π-conjugated systems containing multiple four-coordinate boron atoms has
led to a family of emerging materials with outstanding optoelectronic properties. Among its
different applications, fluorescent agents for bioimaging are becoming more significant due to the
excellent potential for translation in medicine. Fluorescent dyes have been used as tags to
visualize and study biomolecules in vitro and in vivo [1]. Live cell imaging has become the
technology of choice as it provides a direct readout of the localization of the biomolecules with
high spatial and temporal resolution. However, fluorescence imaging needs the development of
novel agents with better spectroscopic properties to obtain better resolution and single molecule
tracking in biological environments.
Herein we present the synthesis and characterization of a novel fluorescent scaffold based on a
trinuclear four-coordinate boron scaffold. The new fluorescent structure exhibits an excellent
photostability and large Stokes shifts, which are ideal properties for bioimaging applications. We
have applied this novel agent as fluorescent dye for intracellular visualization of breast cancer
cells MCF-7 by confocal microscopy (Figure 1). This scaffold will create new opportunities to tag
biomolecules and interrogate biochemical disorders by fluorescence imaging.

Figure 1. Fluorescence confocal microscopy of live MCF-7 cells after treatment with DAPI (A),
novel boron scaffold (B), bright-field (C) and three channels overlapped (D).
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Nowadays, the desire to find new compounds with multifunctional properties, whose
purpose is helping in the early diagnosis and treatment of some illness, has opened numerous
investigations. In particular, in cancer treatments, the research of new theranostic complexes is
exponentially growing with the aim of reduce the side effects, obtaining higher specify than
classical drugs like cisplatinum. Furthermore, new treatments like photodynamic therapy (PDT)
can be an alternative to the classical chemotherapy. In PDT, the irradiation with visible light of a
photosensitizer induces the formation of reactive oxygen species or 1O2, which damage the
nearby cells.[1]
In this line, it is well known the antineoplastic activity of certain cyclometalated Ir(III)
complexes. Moreover, these compounds are good candidates to substitute some organic
molecules, whose life-times are shorts, to be used in bioimaging and biosensing, due their stability
and photophysical properties, showing high quantum yields and long life times. Also, these
properties can be easily modulated by modification of the ancillary ligands.
In this communication we present the excellent theranostic properties of complex
[Ir(dfppy)2(dbbpy)]Cl 2a (dfppy = difluorophenylpyridine; dbbpy = N,N-dibutyl-2,2’-bipyridine-4,4’dicarboxamide), as well as the influence on the biological properties, and their use in PDT, of the
functionalization of both the cyclometalated groups {[Ir(C^N)2(dbbpy)]+X- (X = Cl- or PF6-; C^N is
dfppy-CHO (2b) or dfppy-COOH (2c)]} and the ancillary chelating bpy-based ligands {[Ir(dfppyCHO)2(dobpy)]Cl 3b and [Ir(dfppy)2(3,3´-H2dcbpy)]PF6 4a}.

A) Schematic view of complexes, B) Schematic PDT processes, C) photoinduced citotoxic activity
of complexes.
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The delocalization length of the Frenkel excitons (Ndel) is one of the most critical parameters
defining long-range exciton migration in supramolecular J-aggregates. J-aggregates can reach a
strong coupling regime when combined with optical microcavities or plasmonic nanoantennas[1].
And their selectivity for biomacromolecules enables the resolving the structural diversity in
complex biological environment [2]. Also, the exciton delocalization is central in charge
separation, the energy transfer and singlet fission in the molecular aggregates [3]. Then, its
quantification is of crucial importance for further advancement in development of J-aggregatesbased hybrid systems. We have estimated Ndel for JC1 cyanine dye using a combination of
different experimental techniques including, UV-Vis-NIR, fluorescence emission, time-resolved
photoluminescence, and transient absorption spectroscopies. It was found the correct approach
is based on the modification of photoluminescence lifetime and nonlinear response upon
aggregation and careful analysis of the Stokes shift and electron-phonon coupling strength. Our
approach revealed that Ndel of J-aggregates ranges from 4 to 6 at room tempeature. From Ndel it
was possible to derive the total number of generated excitons, the value of the dipole moment
and the oscillator strength.

Fig. 1- J-aggregates and gold bipyramids. a) Monomer JC1 molecule absorbance and
emission and molecular structure, b) J-aggregates absorbance and emission and Ndel
representation in a molecular chain, and c) gold bipyramids and coupled system absorbance.
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Here we present a new concept for the development of fluorescent chemosensors based
on aggregation emission induction (AIE). [1,2] It is based on the idea that classical turn-off
chemosensor systems in solution can be converted into turn-on systems in the solid state if the
two species involved, the reactant and the product, exhibit quenching (ACQ) and AIE,
respectively. More specifically, in a turn-off chemosensor in solution, the reagent species is
emissive, but loses its fluorescence when it reacts with the analyte to give the non-emissive
product. If the reagent has ACQ, it would lose fluorescence in the solid state, whereas, if the
product has AIE, it would fluoresce in the solid state. Therefore, if the same reaction is carried out
in the solid state, it would result in a turn-on type sensor. This mechanism based on four key
points would open the door to reconsider turn-off chemosensors that have not been of great
interest in solution but could be improved by moving to the solid state. To implement the
fundamentals of our idea, we will take advantage of microfluidic paper-based analytical devices
(µPADs).[3] µPADs have become a common and powerful design tool for sensor and biosensor
fabrication due to their inherent properties such as flexibility, low cost, light weight, adaptability,
environmental friendliness, degradability and material renewability.
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During last decade, π-conjugated systems have developed great interest in many fields
due to singular optical properties. Moreover, Aggregation-Induced Emission (AIE) have gained
importance as switchable systems for different applications [1] and micelles are usually formed by
self-assembly of molecules that have both hydrophilic and hydrophobic moieties. [2] The possibility
of encapsulating active compounds into micellar aggregates and be able to solve toxicity issues,
[3]
allows them to be used for drug delivery purposes.
In this work, we present the four amphiphilic chromophores with a poly(phenylenevinylene)
(PPV) core and oligo(ethylene oxide) terminal chains. Therefore, these compounds tend to
aggregate to form micelles by self-assembly above the critical micelle concentration (CMC)
forming fluorescent nanoparticles which are called AIEdots. A complete study of the optical
properties has been carried out on both compounds and AIEdots. In addition, AIEdots can be
loaded with Nile Red, a hydrophobic compound, for study drug storage and controlled release via
Förster resonance energy transfer (FRET).

Figure 1. Molecular structures. Figure 2. TEM images of compound from aqueous solution (scale 50nm).
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The use of fluorescence as a characterization technique in chemical biology has many
advantages due to its low cost, simplicity and sensitivity. Fluorescent labelling of probes and drugs
has multiple applications such as the study of the environment where a molecule is locate based
on its anisotropy or viscosity, the potential energy transmission between two molecules at the
suitable distance (FRET, Förster Resonance Energy Transfer) or the visualization of the route of
internalization of a drug[1]. Regarding this last approach, pH-sensitive and/or ratiometric
fluorophores are especially useful for internalization tracking and in vivo testing with harmless
probes in the organism under study. By having two or more wavelengths of fluorescence emission
or absorption, a more precise characterization of the pH value of the medium can be achieved,
as ratiometric quantification avoids intensity artefacts due to instrumental errors or dilution factors.
Therefore, these molecules are excellent tools to obtain valuable information about the
internalization pathways and target areas of new therapeutic agents[2]. Nevertheless, the difficult
synthetic access to these ratiometric probes hinders their incorporation in the molecules of
interest such as hydrophilic drugs, peptides, proteins or nucleic acids.
Herein, we describe an efficient synthesis and characterization of an optimized pHsensitive ratiometric fluorophore derivatives of C. SNARF-1, which we have modified by
substitution of the xanthene core with electron withdrawing groups to optimize its pKa (~7.5)[3]
and allow a better tracking of the endosomal internalization route (Figure 1). The new probe with
optimized properties was coupled to a biomolecule of interest and its behavior has been observed
in HeLa cells and compared with commercial C. SNARF-1.

Figure 1. Endosomal internalization of a fluorophore with a cargo
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Optogenetics is a rapidly evolving techniques that enable light-induced manipulation of
cellular activity. Optogenetics takes advantage of naturally photosensitive proteins as
Channelrhodopsins (ChRs) bearing a photoisomerizable retinal chromophore in its interior.[1]
Blue
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NIR
2P

∆

∆
Ions

Ions
Figure 1. Channelrhodopsins behavior with (right) and without (left) antenna functionalization.

Because of their ability to remotely photocontrol biological activity in spatiotemporal
patterns, optogenetics are applied in many different fields like vision restoring or pain inhibition.[2]
However, many applications are ultimately hampered by the properties of their photoswitchable
molecular core. Much attention has been paid to tune the spectral response of these systems to
achieve photostimulation with less phototoxic, more penetrating red and near-infrared radiation
(NIR) and, even better, under multiphoton absorption to enhance excitation resolution.[3]
Simpler strategies are demanded to tailor the photochemical behavior of optogenetics tools
without requiring direct modification of their photoswitchable core. The approach proposed herein
is inspired from the pigment arrangement of light-harvesting complexes in photosynthetic
complexes. The aim is to decorate the vicinity of the photochromes in optogenetic with
photosensitizing chromophores to funnel electronic excitation from the photosensitizing antennas
to the protein photochromes (Fig. 1).
The choice of the antenna is one of the key aspects to reach effective photosensitization.
Highly absorbing and emitting fluorophores are to be selected as photosensitizers and their
emission should spectrally overlap with photochrome absorption. Moreover, the antenna should
be operative under NIR light through a two-photon (2P) absorption to accomplish biological
demands (Fig. 2).

Figure 2. Two-photon molecular antenna with its distinguishing units.
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SMALL MOLECULE RAMAN OPTICAL PROBES TO IMAGE METABOLISM
IN TISSUE MICROENVIRONMENTS
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Imaging of small molecules in biological systems is complex. Fluorescence imaging of
biomacromolecules is common; however the size of fluorescent tags and other available imaging
tools is often too large to retain the biophysical properties of the native substrates. Small
vibrational tags have been developed to image small molecules, such as metabolites, significantly
improving the biorthogonality of the probes. These tags can consist of a non-common bond or an
isotope that resonates within the biologically silent window of the Raman spectrum (1800-2800
cm-1). Previous research within our group focussed on the design of optical Raman analogues of
sucrose, the most abundant nutrient in plants, and we demonstrated its application for imaging of
metabolism in live plant cells using Stimulated Raman Scattering (SRS) spectroscopy.[1] SRS
irradiates a specific wavelength improving spatiotemporal resolution and Raman intensities.[2]
Using a Raman active sucrose analogue, we were able to monitor the uptake and intracellular
localisation of sucrose in tobacco BY-2 plant cells for the first time.

Figure 1: SRS used to visualize Raman active sucrose in plant cells.[1]
This approach can be in principle extended to many other metabolites. Current research within
the group is focused on the development and synthesis of a vibrationally active citric acid Raman
probe. These probes are highly versatile and have applications in many areas of research – in
metabolomics, for acting as biomarkers in oncology and for determination of citrate transport
mechanisms in osteology. This approach has vast potential for biorthogonal real-time imaging of
small molecules and metabolites in vivo.

Figure 2: Raman active citric acid could be visualized within the “cell-silent” window of a
biological system.
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SUPRAMOLECULAR ACRIDINE-BASED FLUORESCENT CHEMOSENSOR
FOR THE SELECTIVE RECOGNITION OF MONONUCLEOTIDES IN WATER
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A new scorpiand-type polyamine chemosensor,[1, 2] bearing a fluorescent acridine moiety
as the signaling unit, has been designed and synthesized to selectively recognize nucleotides,
essential biomolecules within all life-forms, in aqueous media. The interaction of this
chemosensor with nucleotide anions has been studied experimentally by a variety of techniques:
potentiometric titrations, 1H-NMR spectroscopy, UV-Vis and steady-state fluorescence
measurements. To rationalize the nature of these interactions and explain the differences in
selectivity a set of Molecular Dynamics calculations have also been performed, using Amber
2019[3] and GAFF potentials at 300 K. Interestingly, the results revealed that this chemosensor
can selectively recognize GTP vs. ATP, with a distinctive fluorescent response in the visible
spectra, which allows for naked-eye estimation. This type of ligands can have interesting
applications as a fluorescent probe for techniques such as confocal microscopy and flow
cytometry, as well as a chemotherapeutic agent.

References
[1] B. Verdejo, M. Inclán, I. Bonastre-Sabater, M. Ruiz-Gasent, E. García-España.
Chemosensors. 2022, 10, 1–34.
[2] M. Inclán, M. T. Albelda, E. Carbonell, S. Blasco, A. Bauzá, A. Frontera, E. García-España.
Chem. - A Eur. J. 2014, 20, 3730–3741.
[3] D. A. Case, H. M. Aktulga, et al., Amber 2021, University of California, San Francisco, 2021.

356

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S08-FP13

A MODULAR LIGAND-DIRECTED APPROACH TO LABEL ENDOGENOUS
AMINERGIC GPCRS IN LIVE CELLS
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In the last two decades, new technologies based on luminescence have been developed
to monitor the organization, signalling or ligand binding of G Protein-Coupled Receptors. These
technologies rely on the overexpression of genetically modified (and/or fluorescently tagged)
receptors of interest. However, there is an increasing interest in developping approaches to
conjugate chemical labels to specific residues of native GPCRs, despite of the low reactivity and
the high abundance of such residues.
Ligand directed approaches, may offer a solution to this problem. Such approaches consist
in molecular probes that include a selective ligand moiety and a reactive moiety. Upon ligand
binding, the labelling is directed to a nucleophilic amino acid in the vicinity of the binding pocket.
However, this requires the use of non-nucleophilic ligand moieties, which is particularly difficult
since many GPCR ligands contain amines or other nucleophilic functional groups.
In the present work, we developed an innovative ligand-directed toolbox based on a novel
approach. The later uses molecular modules to build fluorescent ligand-directed probes to label
an archetypical aminergic GPCR (D1R). Our molecular probes can be readily prepared before
the labelling reaction from two molecular modules: an activated electrophilic linker which includes
a fluorescent dye and a GPCR ligand that may include nucleophilic groups. Thanks to a fast and
specific chemical reaction, the nucleophilic ligand can barely react with the activated linker before
it is bound to the native target GPCR and the labelling reaction occurs. Subsequently, the ligand
will unbind the GPCR pocket, leaving the receptor fluorescently labelled and fully functional.
This novel labelling approach allowed us to label endogenous D1 receptor both in
transfected cells and primary cultures of neurons and will pave the way to develop new reagents
and assays to monitor endogenous GPCRs distribution and activity in their native environment.
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A NOVEL QUANTUM DOT-BASED PH PROBE FOR ANTITUMORAL
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Cellular biomarkers can be essential to monitor metabolic and physiologic cell changes. Among
them, pH is one of the most useful cell biomarker as it is playing a main role in the cell
mechanisms. Although in general, the intracellular processes should be around 7.2, the apoptosis
or the presence of drugs and toxic substances can alter the intracellular pH [1,2,3].
In the last years, fluorescence lifetime imaging microscopy (FLIM) is an attracting
technique due to its potential applications in biomedical imaging [4]. Some of its advantages are
the high resolution, non-invasive and reproducible method that allows obtaining reproducible pH
values and concentrations of biological analytes in an easy way [5,6].
Our group is working in the development of different nanoprobes to unravel the intracellular pH
by using FLIM as a technique. One example is the CdSe/ZnS quantum dots, which was
functionalised with D-penicillamine (CdSe/ZnS-P) and a peptide combining DPA and histidine
(CdSe/ZnS-PH) [7,8]. In both cases, high stability against aggregation, low cytotoxicity, easy cell
penetration, and a linear relationship between fluorescence lifetime and pH in the physiological
range in normal and tumoral cell lines were found. Furthermore, for CdSe/ZnS-PH presents a
stable fluorescence lifetime in cells for 24 hours, which allow us to use this material in long-term
experiments (up to 24 hours) [8]. In order to prove its applicability, we have monitored the
intracellular pH during 24 hours in tumoral cells (SK-MEL-2) treated with a promising anti-tumoral
drug: volasertib. Our initial results pointed out the enormous potential of this methodology for the
study of drug-induced apoptosis.
References
[1]
D. Lagadic-Gossmann, L. Huc, y V. Lecureur, «Alterations of intracellular pH
homeostasis in apoptosis: origins and roles», Cell Death Differ, vol. 11, n.o 9, pp. 953-961, sep.
2004,
[2]
D. Rotin, P. Wan, S. Grinstein, y I. Tannock, «Cytotoxicity of compounds that interfere
with the regulation of intracellular pH: a potential new class of anticancer drugs», Cancer Res,
vol. 47, n.o 6, pp. 1497-1504, mar. 1987.
[3]
S. Harguindey y S. J. Reshkin, «“The new pH-centric anticancer paradigm in Oncology
and Medicine”; SCB, 2017», Semin Cancer Biol, vol. 43, pp. 1-4, abr. 2017, doi: 10/gnqsvx.
[4]
R. Cubeddu, D. Comelli, C. D’Andrea, P. Taroni, y G. Valentini, «Time-resolved
fluorescence imaging in biology and medicine», J. Phys. D: Appl. Phys., vol. 35, n.o 9, pp. R61R76, abr. 2002.
[5]
C. Liu, X. Wang, Y. Zhou, y Y. Liu, «Timing and operating mode design for time-gated
fluorescence lifetime imaging microscopy», ScientificWorldJournal, vol. 2013, p. 801901, 2013.
[6]
S. Resa et al., «New Dual Fluorescent Probe for Simultaneous Biothiol and Phosphate
Bioimaging», Chemistry, vol. 21, n.o 42, pp. 14772-14779, oct. 2015.
[7]
P. J. Pacheco-Liñán, I. Bravo, M. L. Nueda, J. Albaladejo, y A. Garzón-Ruiz,
«Functionalized CdSe/ZnS Quantum Dots for Intracellular pH Measurements by Fluorescence
Lifetime Imaging Microscopy», ACS Sens, vol. 5, n.o 7, pp. 2106-2117, jul. 2020.
[8]
D. Herrera-Ochoa, P. J. Pacheco-Liñán, I. Bravo, y A. Garzón-Ruiz, «A Novel Quantum
Dot-Based pH Probe for Long-Term Fluorescence Lifetime Imaging Microscopy Experiments in
Living Cells», ACS Appl. Mater. Interfaces, vol. 14, n.o 2, pp. 2578-2586, ene. 2022.

358

S9. Bioanalytical Chemistry in
Health and Food Safety

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S09-IL01

UPCONVERSION-LINKED IMMUNOASSAYS (ULISA) FOR FOOD AND
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We have developed new protocols for
the design and surface-modification of
upconversion nanoparticles (UCNP)[1]
that are excited by near-infrared light
and emit visible light (anti-Stokes
emission). The UCNPs were used as
background-free optical labels in
upconversion-linked
immunoassays
(ULISA) for the sensitive detection of
various analytes. Here, I present our
recent research on the detection of
mycotoxins and micropollutants in food
or environmental samples, respectively,
as well as the design of digital assays
for diagnostic applications.
Competitive ULISA for the detection of ZEA. (I) ZEA competes
The sensitive detection of mycotoxins
with a biotinylated peptide mimetic for a limited amount of antibody
such as zearalenone (ZEA) is important
binding sites. (II) A UCNP-PEG-SA-conjugate binds to the peptide
to account for increasing food safety
resulting in a high upconversion signal in the absence of ZEA.[2]
standards. We replaced the toxinconjugate conventionally used in competitive immunoassays by a non-toxic ZEA-mimicking
peptide selected from a phage display library as a tracer for a competitive ULISA (LOD: 20
pg/mL).[2] We also developed a direct[3] and an indirect[4] competitive ULISA for the pharmaceutical
micropollutant diclofenac (DCF) in river water using DCF-conjugates as tracers (LOD: 20 pg/mL).

Digital immunoassays represent a new approach to analyte measurements. Digital assays rely
on counting individual immune complexes and provide the potential to achieve a higher assay
sensitivity.[5,6] We have developed digital immunoassays based on UCNPs for detecting bloodbased biomarkers: PSA as a marker for prostate cancer (LOD: 23 fg/mL, 800 aM),[7] and troponin
as a marker for cardiac diseases (LOD: 10 pg/mL).[8]
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The emergence of Food Metabolomics has opened up new frontiers and possibilities for
scientists to dig deeper into the food composition. Qualitative and quantitative determinations of
food metabolome offer insights into the content of the food analytes and details about some other
valuable additional features (quality, authenticity, safety, health benefits…). This had for a long
time seemed technically challenging and almost impossible, but can now be done thanks to the
advent of sophisticated analytical techniques and the application of powerful chemometric tools.
Moreover, methodologies capable of monitoring compounds from different chemical classes in a
single run, are being developed in an attempt to broaden the coverage of methods while reducing
the time and cost of analysis.
This contribution will pay attention to applications of interest related to the determination
of relevant minor compounds from olive derived matrices and avocado (pulp and other avocado
tissues). Both targeted and non-targeted profiling approaches, along with fingerprinting methods
involving the use of powerful chromatographic methods coupled to MS techniques have been
applied to the evaluation of endogenous metabolites from olive- or avocado-derived matrices in
metabolomic studies.
Regardless of the food or plant matrix, the applications of Food Metabolomics could be
classified into six main areas, although it is admittedly difficult to include all possible applications
in these categories: (a) characterization studies, (b) food safety, quality and authentication (mainly
assurance of botanical or geographical origin), (c) agro-technological and industrial research
(study of the influence of applying different agro-technological parameters on the final
composition of the food), (d) evaluation of the results of breeding programmes at metabolic level
and selection of specific varieties to be included in them; (e) valorization of different by-products,
and (f) health and nutrition investigations.
This lecture will describe selected applications in two of the areas in which we have
worked the most during the last years, trying to cover different analytical tools and Metabolomics
approaches and examples belonging to several of the mentioned categories. The contribution will
logically conclude by defining key messages and identifying the main analytical challenges, future
trends and needs in the olive and avocado sectors.
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Professor Miguel Valcárcel has been a paradigmatic figure for the evolution of national and
international analytical science. He has been a magnificent teacher, with a continuous effort to
update the didactic content and introduce innovations in the teaching-learning process. His
research work has been enormous, difficult to summarize due to its diversity, extension and
scientific production, without neglecting the transfer of knowledge to society and the productive
world. Innovation and creativity have characterized his research career since its inception.
Professor Miguel Valcárcel was transcendental in achieving two important milestones: the
creation of the Spanish Society of Analytical Chemistry and the official recognition, together with
professors Siro Arribas and Jesús Hernández, of the “Area of Knowledge of Analytical Chemistry”
in Spain, at the same time level than the other areas of Chemistry. He has held numerous highlevel university management positions and representation in national and international
organizations.
It also highlights his membership in the Working Party of the Analytical Division of the
European Federation of Chemical Societies for many years, being the Chairman of the same in
the period 1999-2005. He has been representative of the Spanish Government in the
Management Committee of the BCR Program of the European Union on "Tests and
Measurements", and member of the "High Level Expert Group" of the Group Program (20012003). This career could not be exempt from numerous awards and distinctions, both nationally
and internationally.
The activity carried out, and these important milestones, Miguel Valcárcel has lived with
intensity, hyperactivity, with passion and enthusiasm that he transmitted to all of us around him.
He has lived motivated by science and research. He has never been satisfied with what is easy,
and he has also had to give up many things... for the academy, science and day-to-day
improvement. He has been a teacher and example to follow, to whom we will be eternally grateful.
This presentation is a tribute to him and an acknowledgment of his impressive career.
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RECENT TRENDS IN AFFINITY BASED ASSAYS
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Affinity assays are interesting tools for monitoring the presence of analytes of interest in
diagnostic, both human and veterinary, and in food control. In affinity assay development a key
issue is the choice of the receptor binding to the analyte (capturing agent), which drives the
selectivity of the assays. Over years there has been an evolution of the receptors used, starting
from natural ones and, more recently, moving to synthetic approaches [1,2]. Several platforms
can be coupled to the receptors offering a wide portfolio for the different analytical needs, from
simple microplates [3] to sensor-based assays [4]. In this talk some cases studies will be
presented in the field of clinical diagnostic with relevance in neurodegenerative disorders, kidney
failure and sepsis. Behind, some approaches of impact in food quality and safety will be also
addresses [5].
The role of nanotechnology will be, eventually, critically discussed focusing on the use of
nanostructures to improve analytical performances i.e., detection limits, of the assay: Also the
used of nanostructures in the development of optical assays will be presented [5].

1. S. Lisi, S. Scarano et al 2016, Biosens. Bioelectron. 93 (2017) 289-292,
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6. M.G. Lettieri, P. Palladino, S et al., Microchimica Acta 188(4), pp. 116, 2021

References
[1] S. R. Batten, S. M. Neville, D. R.Turner Coordination Polymers. Design, Analysis and
Application RSC Publishing, Cambridge, 2009.
[2] E. Quartapelle-Procopio, F Linares, et al. Angew. Chem. Int Ed. 2010, 46, 1-5.

363

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S09-OC01

TARGETING QUORUM SENSING FOR DIAGNOSTIC AND THERAPY OF
INFECTIOUS DISEASES
M.-Pilar Marco: aInstituto de Química Avanzada de Cataluña (IQAC-CSIC) - Barcelona (Spain),
b
Consorcio Centro de Investigación Biomédica en Red de Bioingeniería, Biomateriales y
Nanomedicina (CIBER-BBN) - Barcelona (Spain)
e-mail: pilar.marco@cid.csic.es
Keywords: Quorum Sensing, Antibodies, Immunochemical Technologies, Infectious Diseases,
Diagnostic, Therapy
Infectious diseases are between the leading causes of mortality worldwide. In low-income
countries, it accounts for more than 1 million deaths every year, depending on the country1, 2,
being the second cause of mortality after those deaths caused by neonatal conditions (WHO,
2019)3. Only lower respiratory tract infections (LRTI) cause more than 2 million deaths/year
worldwide, being the fourth reason of death (the second cause in low income countries with more
than 400.000 cases each year).
The increasing incidence of antimicrobial-resistance (AMR) and the fewer new antibiotic
molecules that are being developed, which has become a major health concern. It has been
estimated that each year multi-drug resistant bacteria such as Pseudomonas aeruginosa or
Staphylococcus aureus infect at least 2.8 million people in the US and cause more than 35000
deaths, according to the Centers for Disease Control and Prevention (CDC) 2019 AR report4. The
misuse and overuse of antimicrobials and the lack of rapid and reliable diagnostic tools are
between the main drivers of AMR. Hence, self-medication or antibiotic prescription without
identifying the pathogen is a quite common practice.
With this scenario, the necessity for clear interventions to improve both, therapy and
diagnostic of infectious diseases is evident. In this communication, there will be presented some
of the results of the investigations performed at the Nb4D (Nanobiotechnology for Diagnostics)
group of CSIC regarding potential new diagnostic and therapeutic strategies targeting bacterial
Quorum Sensing (QS). QS consists on a sophisticated cell communication system used by
bacteria to synchronize behavior in response to changes in the population density and species
composition of the vicinal community, controlling virulence mechanisms such as the synthesis of
toxins or the formation of biofilm. Detecting or disrupting such communication system may open
new avenues for the diagnostic and treatment of infectious diseases.

Figure 1. Staphylococcus aureus uses cyclic peptides as signaling molecules for bacteria
communication
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The development of new outside-the-lab analytical methods and their corresponding
technologies to gather in situ and real time chemical information using low-cost, compact devices
is one of the most challenging issues facing the analytical sciences.
One type of analytical system that has the potential to provide fast, laboratory-quality
results is the lab-on-a-chip device. These simple, low-cost and robust diagnostic tests are
especially interesting in developing regions that lack infrastructure and have shortages in trained
personnel, where they can improve healthcare, environmental safety, animal health and food
quality. Its importance has been made clear in the COVID 19 pandemic where the massive use
of antigen tests carried out by the same individual has been used all over the planet.
Typically, these devices consist of silica, glass or polymer chips incorporating enclosed
flow channels fabricated using different procedures in which solutions are transported by different
propulsion principles providing a set of fluidic unit operations performing the analytical process.
As an alternative to these materials capillary-based analytical devices use paper, thread or cloth
as the support.
The design of capillary-based devices plays an important role in the performance of the
device. It must include a sampling area, an analytical operations area for preconcentration,
derivatization, metering, mixing, separation, filtration and the like, and a detection area, with
colorimetric and electrochemical measurement techniques being the most common.
The widespread use of imaging devices for the colour measurement of capillary-based
devices based on the change, appearance or disappearance of colour or any property measured
through a colour change, such as luminescence, has paved the way for the development of
innovative, complete analytical systems for outside-the-lab applications [1].
In this presentation, we will discuss some recent developments in the use of capillary-based
devices along with computer vision in analytical chemistry, looking at the strategies developed for
analyte recognition, the imaging devices used –paying special attention to the use of mobile
phones, the colour spaces used and the analytical system architecture for colorimetric
determination [2].
Acknowledgements
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While the use of venipuncture for blood sampling is well-established, there are still
situations for which the use of alternative approaches is desirable. Among them, the deposition
of blood onto clinical filter paper, giving rise to the so-called dried blood spots (DBSs), has been
studied for decades as it is more appropriate for the control of newborns. Moreover, this
methodology also shows important advantages from a logistic point of view (i.e., for biobanking)
and it opens new possibilities for the screening of populations that live in remote/isolated areas,
as well as for the regular monitoring of chronic patients.[1]
Analysis of the resulting DBS specimens, however, poses some challenges for the analyst,
as the amount of sample available is substantially lower than when venipuncture is deployed and,
besides, DBSs are not homogenous samples, in contrast with the original blood sample. This
aspect is perhaps not very relevant when only qualitative information is needed, but it further
complicates attaining accurate, representative results when aiming at obtaining quantitative
information.
This situation has changed significantly in recent years, as several new clinical devices that
offer the possibility to produce DBSs with minimal (10-30 µL) and perfectly known volumes have
been introduced, first via scientific publications and later as commercially available specimens.
These devices offer practical independence from the physical properties of the target fluid and
high reproducibility, in combination with ease of use, therefore making it possible for a patient to
produce a DBS home and send it to the lab by postal mail. [2,3]
This work presents the methodologies recently developed in our lab for trace elemental
and isotopic analysis of DBSs, based either on direct solid sampling or in fast extraction
approaches, followed by microsampling strategies. The interest in using DBS specimens in
different contexts (e.g., early detection of rare diseases or the screening of toxic elements in target
areas) will be demonstrated.
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Miniaturized analytical systems enable the analysis of fluids using small sample volumes
and small amounts of reagents. Often, they provide a faster response than that obtained using
regular laboratory protocols for analysis. The field of integrated microsystems, also known as Lab
on a Chip devices is growing and finding more and more applications related to biomedical
sciences, environmental monitoring, forensic sciences, food industry, ect.. But the possibilities of
these miniaturized devices are not fully realized yet. With the advances in novel materials, novel
microfabrication techniques and sensors, the field has the potential to keep growing and to offer
new tools to researchers and to the general society by enabling new knowledge and the
development of consumers products.
At the Microfluidics Cluster UPV/EHU we work in the integration of sensors and actuators
into microfluidic systems for the development of functional Lab-on-a-Chip devices. These have
the potential to be applied in point-of-care analysis for in-vitro diagnostics, as well as in analytical
platforms to study cell biology or to asses drug effect and cell function. This area of research is
still in its infancy and major challenges remain unexplored, such as sensor miniaturisation and
precise integration into microfluidic networks. We contribute to the generation of knowledge,
technologies and innovations in this area, producing chemical and cellular monitoring devices [1],
through the development of novel optical and electrochemical [2,3] sensors based on functional
materials [4] and their integration into microfluidic platforms [5].
In this talk I will review the recent advances of the Microfluidics Cluster UPV/EHU in the
field of microsystems for analysis of fluids and cellular systems.
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Colorectal cancer (CRC) is the third most common cancer worldwide and the second
leading cause of cancer-related death. CRC 5-year survival rate depends on the stage of the
disease at diagnosis, ranging from 90% for stage I patients and less than 10% for stage IV
patients. Thus, the detection of the disease at early stages would allow the successful treatment
of CRC patients. The presence of autoantibodies against autoantigens specific of CRC in sera of
patients has been largely demonstrated[1]. In this sense, we have reported the identification of
CRC-specific autoantigens target of autoantibodies with significant ability to discriminate CRC
patients and individuals with premalignant colorectal lesions from controls by liquid biopsy[2,3].
Exosomes are extracellular vesicles ranging from 30 to 150 nm size that have been
described to be involved in intercellular communication[4]. Since exosomes are found in blood, we
hypothesized that these vesicles might be enriched in autoantigens specific of CRC that might be
easily recognized by the immune system of CRC patients. Thus, we here aim to identify
autoantigens specific of CRC contained in exosomes, validate them using sera from patients and
controls, and develop electrochemical biosensing platforms compatible with point-of-care devices
to measure autoantibodies against them for CRC diagnosis.
To this end, we obtained the protein extract of exosomes secreted by five CRC cell lines
with different metastatic abilities, which were immunoprecipitated using sera from CRC patients
and healthy individuals as controls to identify patient-specific seroreactive proteins. The
autoantigens target of autoantibodies were identified by mass spectrometry and their
seroreactivity validated using luminescence Halotag-based beads immunoassays and
electrochemical biosensing strategies and sera from CRC patients and controls[5]. We found that
14 of the autoantigens identified possessed a high seroreactivity to CRC patients and individuals
with premalignant lesions in comparison to controls, with a high diagnostic ability of the disease.
Our results suggest that exosomes are enriched in CRC autoantigens, and so they could
be further investigated to identify cancer specific neoantigens with diagnostic ability. In addition,
these results highlight the usefulness of the here described approaches to identify autoantigens
specific of chronic diseases, as well as the usefulness of the biosensing approaches for the
detection of CRC through POC devices.
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Raman spectroscopy is a very powerful technique for analysis because of the high
selectivity of its analytical response. Raman spectra is a real fingerprint of molecules, but
unfortunately, Raman intensity is usually very weak because the low efficiency of this scattering
phenomenon. In 1974, Fleischmann et al. discovered the enhancement of the Raman signal
during the roughening of a silver electrode, improving extraordinarily the sensitivity of Raman
spectroscopy. This phenomenon was denoted as Surface Enhanced Raman Scattering (SERS)
and it can be considered one of the best analytical methods because of the combination of the
high selectivity of the Raman spectra with the high sensitivity of SERS. Nowadays, the major
problem of SERS is related to an intrinsic lack of reproducibility both in the preparation of the
SERS substrates and in the location of hot-spots that enhanced the Raman signal. These two
problems can be circumvented using the combination of SERS and electrochemistry that provides
even a better analytical technique because improves the reproducibility using an in-situ
preparation of the SERS substrate[1].
In 2018 our group discovered the enhancement of the Raman signal during the
electrochemical oxidation of a silver electrode using specific electrolytic conditions[2]. This new
phenomenon was denoted as Electrochemical-Surface Oxidation Enhanced Raman Scattering.
(EC-SOERS) During the study of this interesting phenomenon, a number of different analytical
possibilities were found. Depending on the precipitating agent and its concentration, an ECSERS/EC-SOERS substrate can be generated. The analytical response is selective to some
specific molecules for each one of the enhancement phenomena by modifying the experimental
conditions[3,4].
In this communication, results obtained using diverse precipitating agents are shown,
demonstrating the wide range of possibilities for analysis that open new avenues for the
development of strategies for the selective determination of compounds in very different fields of
chemical analysis.
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Adenosine triphosphate (ATP) is a key molecule as energy vector for living organisms,
therefore its detection reveals the presence of microbial colonies. Environments where the
existence of microbial pathogens suppose a health hazard can benefit from real time monitoring
of such molecule. In this work we will show how to build a membrane-based electrode that
contains a membrane-bound hydrogenase and mimics the mitochondria proton gradient[1] and
maintains a sustainable ATP regeneration pace. The ATP bioelectrochemical synthesis system
can also be used as a potentiometric biosensor based on ATP-synthase from Escherichia coli
reconstituted in a floating phospholipid bilayer over gold electrodes modified with a 4aminothiophenol self-assembled monolayer[2]. The use of a pH-dependent redox probe on the
electrode surface allows a simple, specific and reliable on site determination of ATP concentration
from 1 µM to 1 mM. The broad range ATP biosensor can offer an alternative way of measuring in
a few minutes the presence of microbial contamination.
[1] Óscar Gutiérrez-Sanz, Paolo Natale et al. Angew. Chem. Int. Ed. 2016, 55, 6216-6220.
[2] Gabriel García-Molina, Paolo Natale et al. Bioelectrochemistry 2020, 133, 107490.

References
[1] S. R. Batten, S. M. Neville, D. R.Turner Coordination Polymers. Design, Analysis and
Application RSC Publishing, Cambridge, 2009.
[2] E. Quartapelle-Procopio, F Linares, et al. Angew. Chem. Int Ed. 2010, 46, 1-5.

370

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S09-FP01

LECTIN-MIMICKING APTAMERS TO BIND GLYCOPROTEINS - POTENTIAL
FOR EARLY DIAGNOSIS OF CANCER
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Glycosylation is the most common post-translational modification of proteins, and the
associated glycans undergo changes in structure with the onset of different diseases, among
them cancer. Consequently, aberrant glycosylation of different proteins may be exploited for
developing new cancer diagnostic strategies. Accomplishing this, however, requires recognition
probes that bind specific glycans on glycoproteins. Aptamers are synthetic receptors that can be
raised to recognize a specific epitope in the target molecules; thus, the use of these chemical
antibodies appears to be a promising approach for the detection of aberrant forms of
glycoproteins[1].
Thus motivated, we developed a method to guide the selection of aptamers toward the
glycosylation site of a protein, allowing us to identify DNA aptamers that bind the glycan and
peptide parts of the biomarker with nM affinity and exquisite selectivity[2,3]. The obtained aptamers
are presented in terms of their design and analytical properties. In addition, the aptamers are
integrated into electrochemical transducers to obtain aptasensors for the detection of prostate
specific antigen (PSA) and serum amyloide protein (SAP). Herein, different aptamer-based
strategies used to sensitively detect the target proteins are summarized. Their analytical
performance, both in aqueous buffer and in biological media are comparatively presented,
analyzing their clinical sensitivity and specificity. For the particular case of PSA, the analysis of
the glycoprotein in serum samples from patients with different prostate pathologies suggest that
the clinical sensitivity and the specificity of the sensor is superior to the immunoassay currently
used as the current gold-standard test for the screening of prostate cancer[2, 4].
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Hydrogel-based holographic sensors consist of a responsive hydrogel that diffracts light at
different wavelengths depending on the dimensions and refractive index changes in the material
with a holographic pattern. The composition of hydrogels can be selected to be specifically
responsive to different stimuli, and thus the diffraction pattern can be correlated to the amount of
analyte. The combination of responsive hydrogels with holographic techniques appears as an
appealing proposal of label-free optical biosensing because of their precise, flexible, easy
fabrication, and simple optical measurement setups. [1]
However, new appropriate smart designs of hydrogels should be developed for the
detection of analytes and biomolecules of interest as there are scarce and very limited results in
the literature. [2]
In this communication, our latest results on the fabrication of hydrogel-based gratings, both
as holograms and surface-relief gratings, will be shown. This will include biosensing systems
based on surface-relief gratings made of bioresponsive hydrogels to specifically detect C-reactive
protein in serum samples, [3] to detect specific antibodies (anti-BSA), as well as nucleic acid
oligonucleotides. Also, preliminary results on transmission holograms recorded in the developed
materials and new approaches to achieve hydrogels with improved mechano-optical properties
will be presented.

Figure: a) Photograph of the optical setup used for the optical biosensing using hydrogel surfacerelief gratings. b) Image of the hydrogel networks inside the ELISA plate wells used to measure.
c) In red, dose-response curve obtained for the recognition of specific antibodies against BSA
and, in grey, control curve for the recognition of non-specific antibodies for BSA (rabbit anti-IgG
antibodies) (grey)
This research was funded by MINECO (PID2019-110713RB-I00) and Generalitat Valenciana
(PROMETEO/2020/094)
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In recent years, the interest in ion mobility spectrometry (IMS) is growing due to its
hyphenation with mass spectrometry (MS). Ion mobility coupled to mass spectrometry (IM-MS)
constitutes for laboratories an additional asset in the perspective of structural characterization of
molecules and provides an additional separation dimension when coupled to liquid
chromatography (LC) or other separation techniques. In this sense, the recent commercialization
of IM-MS platforms is contributing to their growing use in different research fields as metabolomics
studies or food safety applications[1,2].
The LC-IM-MS coupling is made possible by a temporality of operation and sequence of
events that make their association compatible. In LC-IM-MS-based methods, separation of
isobaric and isomeric molecules is reached in the IMS dimension, as these compounds are not
easily differentiated by MS and can result in co-eluting peaks in the chromatographic dimension.
In general, the separation capacity of LC-MS methods can be increased 2 or 3-fold when IMS is
integrated in the LC-MS workflow. In addition, the IMS dimension has a propensity to improve the
signal-to-noise (S/N) ratios of target analytes through an extra level of selectivity. As a
consequence, limits of detection (LODs) are increased and the number of false negatives is
reduced. Furthermore, some IM-MS platforms provide the collision cross section (CCS) of ions,
which is an intrinsically characteristic of them and is measured in the IMS dimension. The CCS
parameter can consequently be used as an additional piece of information to mass-to-charge
ratio (m/z) and retention indices (e.g., retention time, etc.) for molecular identification, either in
targeted or non-targeted LC-IM-MS methods. In targeted analysis, the CCS contributes to reduce
the number of false positives while it facilitates compound annotation in non-targeted analysis.
This presentation addresses the technical aspects more relevant of IMS, as those related
to its coupling with other analytical techniques such as LC and MS. The advantages and
disadvantages of LC-IM-MS workflows in comparison to LC-MS workflows are presented for the
analysis of small molecules such as steroids in biological samples and mycotoxins in food
matrices. In this framework, the need to develop CCS databases for their application to molecular
identification and the importance of carrying out inter-laboratory studies for cross-validation are
specially discussed[3,4].
Acknowledgements: Research Project Junta de Andalucía-FEDER (B-AGR-202-UGR20).
References
[1] M. Hernández-Mesa, D. Ropartz, A.M. García-Campaña, H. Rogniaux, G. Dervilly-Pinel, B.
Le Bizec, Molecules 2019, 24, 2706.
[2] X. Zhang, K. Quinn, C. Cruickshank-Quinn, R. Reisdorph, N. Reisdorph, Curr. Opi. Chem. Biol.
2018, 42, 60-66.
[3] M. Hernández-Mesa, B. Le Bizec, F. Monteau, A.M. García-Campaña, G. Dervilly-Pinel, Anal.
Chem. 2018, 90, 4616-4625.
[4] M. Hernández-Mesa, V. D’Atri, G. Barknowitz, M. Fanuel, J. Pezzati, N. Dreolin, D. Ropartz,
F. Monteau, E. Vigneau, S. Rudaz, S. Stead, H. Rogniaux, D. Guillarme, G. Dervilly, B. Le Bizec,
Anal. Chem. 2020, 92, 5013-5022.

373

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S09-FP04

PLASMON-ASSISTED FAST COLORIMETRIC DETECTION OF BACTERIAL
NUCLEASES IN FOOD SAMPLES
María Sanromán-Iglesiasa, Victoria Garridob, Yolanda Gil-Ramírezc, Javier Aizpuruaa,d,
Marek Grzelczaka,d,e, Maria-Jesús Grillób
a
Donostia International Physics Center (DIPC), Paseo de Manuel Lardizabal, 4, 20018 Donostia
b
Animal Health Research Group, Institute of Agrobiotechnology (CSIC, Gobierno de Navarra)
c
Centro Nacional de Tecnología y Seguridad Alimentaria (CNTA)
d
Centro de Física de Materiales (CSIC-UPV/EHU), Paseo de Manuel Lardizabal, 5, 20018
e
Ikerbasque, Basque Foundation for Science, 48013 Bilbao
e-mail: maria.sanroman.iglesias@gmail.com
Keywords: Plasmon colorimetric sensing, Bacterial nucleases, Salmonella,
Staphylococcus, Gold nanoparticles
We have developed a rapid, inexpensive, colorimetric and easy to use method able to detect
living bacterial pathogens of zoonotic and foodborne interest.[1] The method is based on detection
of bacterial nucleases which cut selectively oligonucleotide probes that are designed in a way to
induce aggregation of oligonucleotide stabilised AuNPs. We present the standardization of our
method to detect nucleases secreted by Gram-positive (Staphylococcus aureus) and Gramnegative (Salmonella spp.) pathogens, not only in five different matrixes of food samples
experimentally contaminated but also in naturally contaminated foodstuffs. Our method has
shown sensitivity/specificity, detecting nucleases in less than two hours in supernatants from
bacterial cell culture (1 CFU/mL).[2] [3]

Fig. 1. Selective discrimination of S. aureus and Salmonella spp. from other bacteria nucleases.
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USING THE PAIR DISTRIBUTION FUNCTION TO UNDERSTAND
THE ROLE OF DISORDER ON MATERIALS' FUNCTION
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With the ever increasing complexity of modern materials, their function often relies on
disorder within their structure. For example, long range ion transport is required for Li-ion battery
anodes and cathodes, local symmetry breaking can improve ferroelectric properties, and large
scale disordering—such as amorphisation—will change mechanical properties, hopefully for the
better. It is therefore necessary to characterise and understand these often diverse disordering
processes so as to further improve materials' properties.
Total scattering with its Fourier transform, the pair distribution function (PDF), is an ideal
diffraction measurement for probing local structure, irrespective of the state or phase of the
material. It is especially suited to studies crossing disordering phase transitions. The PDF is a
weighted sum of all the atom-pair distances in the sample and therefore directly measures shortranged (dis)order in all its forms. This talk will introduce the PDF using several examples, explain
how to measure it well and interpret it robustly, and describe how it has enabled a greater
understanding of the behaviour of several topical materials, including amorphisation of metalorganic framework materials.
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ELECTRON DENSITY: THE BRIDGE BETWEEN STRUCTURE AND
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Electron density has been a great source of insight in the understanding of bonding and structure.
Nonetheless, it lacks a fundamental characteristic: its connection to molecular and solid
properties is barely predictive. This is so due to the lack of a direct (known) link between electron
density and energetics.
Along this contribution we will try to fill this gap for several relevant cases in chemistry. Firstly, we
will focus on superconductors. The recently reported superconductivity at 190 K in compressed
H2S [1] has been arguably the biggest discovery in the field since the superconducting cuprates
nearly 30 years ago. However, a microscopic understanding of why this particular material
features such a strong coupling is still missing. We have recently shown that the underlying
chemical structure and bonding need to be characterized for a good comprehension of the
chemical composition-superconductivity relation.
We have constructed simple metal and BCS models showing that the Electron Localization
Function [2] can be used to define a quantity called the networking value, which should provide
insight into the superconducting activity.
By analyzing through DFT calculations the structural and electronic properties of nearly 200
compounds predicted to be superconductors in the literature, we have shown that the networking
value correlates well with the predicted critical temperature, much better than any other descriptor
analyzed thus far [3].
Another field where energetic estimates from the electron density are missing is molecular
crystals. This kind of approach would reveal extremely useful to predict the stability of different
molecular crystal polymorphs or even cocrystals. In order to build this knowledge, we rely on the
Non Covalent Interactions (NCI) index, which is able to identify the regions relevant to weak
interactions from the electron density alone [4]. Simple approaches for well-known intermolecular
energies datasets have allowed us to show that the energy can be predicted from these electron
density regions using machine learning approaches in a fast and accurate manner [5].
Finally, we can also try to build the structure-property bridge analytically by building energy
models relying on topology. We have explored using a potential energy surface that includes
chemical quantities explicitly, so that properties provided are directly related to the inherent
organization of electrons within the regions provided by topological analysis. Coupling this models
to conceptual DFT, the band gap of solids can be univocally defined [6]. Applied to zinc-blende
solids as a model case, trends in band gap can be predicted in terms of bond properties (length,
charge, crystalline structure).
References
[1] A. P. Drozdov, M. I. Eremets, I. A. Troyan, V. Ksenofontov, and S. I. Shylin, Nature 2015, 525,
73.
[2] A. D. Becke and K. E. Edgecombe, The Journal of Chemical Physics, 1990, 92, 5397.
[3] The Journal of Chemical Physics, 92(9):5397–5403, 1990 F. Belli, T. Novoa, J. ContrerasGarcia and I. Errea, Natur. Comm. 2021, 12, 5381.
[4] E. R. Johnson, S. Keinan, P. Mori-Sanchez, J. Contreras-Garcia, A. J. Cohen, and W. Yang,
J. Am. Chem. Soc. 2010, 132 , 6498.
[5] F. Peccati, E. Desmedt, J. Contreras-Garcia, Comp. Theo. Chem., 2019, 1159, 23.
[6] Contreras-García, C. Cárdenas, J Mol Mod 2017, 23, 271.3.

377

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S10-IL03

PROGRESS OF COKING IN ZEOLITE ZSM5 STUDIED WITH ELECTRON
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X-ray diffraction is an important analytical method to visualise the atomic positions of many
chemical compounds. It is applied in many disciplines in Chemistry, Materials Science,
Pharmacology, and many others. Recently, electron diffraction has attracted great attention 1,
known as 3D ED2, or microED3 . 3D ED provides the same type of information as an X-ray
structure, including the atom coordinates, lengths of bonded and non-bonded contacts,
differentiation of elements, and determination of the absolute configuration of chiral compounds.
Where X-ray diffraction requires crystals with at least a few µm in length, 3D ED determines the
crystal structure from submicrometer sized crystals, even smaller than individual grains in powder.
This is useful in cases where large crystals cannot be grown. Some systems, however, require
the study of such small crystals, even though X-ray suitably sized crystals might be available.
These are systems where the size affects the correct interpretation of the structural result. The
functionality of microporous materials are affected by the surface/volume ratio, for example. The
zeolite ZSM5, of MFI framework, is a prominent example. ZSM5 is an aluminosilicate with catalytic
activity. ZSM5 is industrially used for off-gas purification, emission control, and NOx reduction.
We previously used 3D ED to prove the absence of the so-called hour-glass effect for ZSM5
crystals at original size4. The hour-glass effect is a crystalline disorder that reduces the catalytic
activity, and is present in large crystals suitable for X-ray diffraction.
Aluminosilicates also acted as benchmark for the JUNGFRAU detector, which we deploy for our
studies5. Our data differentiated aluminium from silicon in two aluminosilicates, zeolite A and
albite, a result which is difficult to achieve even with X-ray data.
Our latest study benefited from the superior quality of the JUNGFRAU detector. We localised
coke in the pores of ZSM5, and we monitored the process of coking in the micropores.
This presentation will focus on our results on ZSM5 coking. It will include a brief introduction to
3D ED, including instrumentation suitable for data collection not only of zeolites, but for all types
of crystalline materials studied in chemistry, pharmacology, or structural biology. The audience
may be surprise by how economic the equipment really is, compared with high-end electron
microscopes used in imaging studies.
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SOLVENT-FREE SYNTHESIS OF METAL-ORGANIC FRAMEWORKS: A
ROUTE TOWARDS ELUSIVE CRYSTAL STRUCTURES
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The development of metal-organic frameworks (MOFs) has grown very rapidly in the last
years, with numerous applications in a wide range of different fields resulting from the ample
chemical versatility of this type of crystalline porous materials. Herein we will present an
uncommon synthetic approach, very versatile,[1,2] for the preparation of elusive porous materials,
based on the absence of solvents.
First, we will present the iron(II) analogue of ZIF-8, denoted MUV-3 (MUV: Materials of the
University of Valencia), with the use of a template assisted approach.[3] Single crystal diffraction
reveals the sodalite topology of ZIF-8, whereas N2 sorption reveals its characteristic gate opening
behavior. However, contrary to ZIF-8, MUV-3 shows a significant chemisorption of NO, as is also
found in other Fe(II)-based materials.
Then, we will extend this approach for the preparation of multivariate ZIFs, which is typically
limited due to the absence of control of topologies when a mixture of ligands/metals is used.[4]
Using binary combination of organic ligands, we achieve eight different compounds based on the
most used SOD topology, even for mixtures of ligands despite this topology not being obtained
for the individual ligands. Theoretical calculations confirm that this topology is the lowest in energy
upon ligand mixing. Structural analysis from single crystal data, in combination with different
spectroscopic techniques, confirm the ratio of the different ligands in the structures, whereas gas
sorption analysis reveals important differences depending on the combination of ligands used.

Figure 1. Scheme of the different achievable crystal structures by solvent-free synthesis
combining M(II) and three imidazoles: 2-methylimidazole, 2-ethylimidazole and 2methylbenzimidazole.
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METAL-ORGANIC FRAMEWORK CRYSTAL – INORGANIC GLASS
COMPOSITES
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Over the last two decades, metal-organic frameworks (MOFs) have been the focus of
attention for material researchers on account of their intrinsically tuneable chemical structures,
flexible architectures, high surface areas and multifunctional properties. However, MOFs are
conventionally synthesised as microcrystalline powders, which creates practical and commercial
barriers caused by their poor processability and weak mechanical performance. In order to avoid
this commercial barriers, interest in combining MOFs with more processable materials to form
new composites has been expanded in recent years. Here we propose a new concept composites
combining a MOF and an inorganic glass matrix. Metal-organic framework crystal- inorganic glass
composites (MOF-CiGCs) are synthesised via the dispersal of a crystalline ZIF-8 within a
phosphate-base glass matrix at a working temperature where the glass matrix can flow around
MOF particles. A compositional series of this new material have been successfully fabricated after
a synthetic study and characterised by X-ray diffraction, differential scanning calorimetry, and
SEM-EDS, among other techniques. The local structure of these composites have been analysed
by Pair Distribution Function, where the correlations of both counterparts where assigned.
This unprecedented family of materials open the possibility to create new composites able
to add intrinsic properties of the MOFs to inorganic glass materials.
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CATALYTIC MEMBRANES BASED ON MOF-808 FOR WATER
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Water pollution has become a global challenge due to industrial, agricultural, domestic, and other
activities of billions of humans on the planet. Hence, offering safe drinking water while maintaining
an ecological balance, is nowadays an environmental priority[1]. In this context, membrane
technology has seen significant development because they offer technically simpler and
energetically more favorable solutions compared to other systems[2]. In this work, we show the
preparation and characterization of mixed matrix membranes (MMM), based on a functional
nanostructured metal organic framework, the MOF-808 modified with copper(II) single sites.
These systems offer improved characteristics to existing inorganic or polymeric membranes, in
terms of degradation under flow conditions of a class of important water pollutants: endocrinedisrupting chemicals (EDCs) (Fig.1). Besides routine characterization techniques, in this
communication we demonstrate the key role of advanced characterization synchrotron tools to
assess the local structure, such as Pair Distribution Function (PDF) analyses[3] and Extended Xray Absorption Fine Structure (EXAFS) spectroscopy. Thus, we have been able to degrade
phenolic pollutants in a flow process using mixed matrix membranes as heterogeneous catalysts.
Reactor

Water contaminated
with EDCs
Clean water

MMM
Cu-MOF-808@PVDF

Fig. 1. Catalytic degradation under flow conditions with Cu-MOF-808 MMM.
References
[1] S. Dhaka, R. Kumar, A. Deep, M. B. Kurade, S.-W. Ji,B-H. Jeon. Coord. Chem. Rev. 2019,
380, 330–352.
[2] J.G. Sanchez Marcano, T.T. Tsotsis. Catalytic Membranes and Membrane Reactors, 1st ed.;
Wiley, 2002.
[3] C. Castillo-Blas, J. M. Moreno, I. Romero-Muñiz, A. E. Platero-Prats. Nanoscale 2020, 12 (29),
15577–15587.

381

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S10-OC04

PHOTOCATALYTICALLY ACTIVE MIXED-METAL ZnMnCoCa MOFs
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Incorporating multiple metal elements within a same metal-organic framework (MOF) allows the
obtaining of materials with new or enhanced properties. These multimetal combinations can be
addressable by modifying the initial metal ratios in a one-pot synthesis[1]. By means of postsynthetic thermal treatments of MOFs comprised of combinations of four metal elements, previous
studies of our group have reported the obtention of multimetal derivatives with precise elemental
compositions that are not attainable by conventional synthesis[2]. These resulting materials
demonstrated an enhancement of their properties, such as the electrocatalytic activity, and were
used as catalyst precursors for reverse water gas shift reaction[3].

During the last years, due to the problematic associated to the presence of some pollutants from
wastewaters, several studies have tested the efficiency of mixed metal MOFs as catalyst on water
remediation processes. The improvement of certain MOFs properties caused by the combination
of different metals into the same framework, have resulted to be very useful in photocatalytic
reactions for pollutants degradation. Cobalt based homo and heterometal MOFs have proved
their efficiency as catalysts for dyes photodegradation processes, demonstrating that the addition
of a different metal increases the activity of the new material[4].
In this work, we have studied the catalytic activity of thermally treated derivatives of ZnMnCoCa
MOFs from the ZnPF-1 family, for dyes photodegradation. In order to determine the influence of
different reaction parameters, we have studied different combinations by varying some of these
parameters such as: MOFs initial metal ratio and composition, the thermal method used to obtain
the derivatives, excitation light wavelength, dye, reaction atmosphere and reaction time.
In a first condition screening, we have studied the photodegradation of three organic dyes: methyl
orange, methyl red and a mixture of methylene blue with eosin. Regarding the light sources, we
have used different lamps with wavelengths between 400-500 nm. The variation on the
atmosphere between air and O2 has resulted in no significant differences in the process. As MOFderivative materials we have used calcined (800 ºC) and pyrolyzed solids (700 ºC). Finally, the
results have been analyzed using UV-Vis spectroscopy, powder X-ray diffraction and electronic
microscopy.
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Heterometallic or mixed-metal Metal-Organic Frameworks (MOFs), incorporating two or more
metal ions to the inorganic node of the frameworks, are increasingly gaining importance as a
route to produce materials with increasing chemical and functional complexity.[1] Heterometallic
MOFs can offer important advantages over their homometallic counterparts to enable targeted
modification of the adsorption properties, structural response, electronic structure or chemical
reactivity of the framework. This field is still in its infancy likely due to the difficulties of controlling
the formation of heterometallic nodes by direct synthesis. This restriction is even more acute in
the case of titanium frameworks for which their challenging chemistry renders post-synthetic
doping of preformed materials the only route available.
We will describe a pioneering methodology for the synthesis of heterometallic titanium
frameworks amenable to the principles of reticular chemistry. Instead of relying in the
serendipitous discovery of mixed-metal clusters by trial and error, we use MOF crystals to direct
the formation of SBUs with variable connection points by metal exchange reactions in mild
conditions.[2] We will use these family of heterometallic zeotype materials to exemplify the
advantages of dual metal catalysis over their homometallic analogues. Finally, by using an
integrative experimental/computational approach, we will rationalize how can the metals in the
inorganic node influence each other for tuning the performance of the material.[3]
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Among many relevant characteristics, the reversible photoisomerization of azobenzenes
has attracted the attention of the scientific community due to their simple and robust
photoswitching ability. This conformational change has been used for several applications such
as modulation of the affinity to metal ions, catalysis and the movement of a molecule, among
others.[1]
In poly(phenylacetylene)s, that they are an interesting group of dynamic helical polymers,
the main photochemical research is focused on applications related to the helical polyene
backbone. Under visible light, π-conjugated polyenes react through an irreversible photochemical
electrocyclization process.[2] To introduce new and reversible photoresponsive properties, we
linked azobenzenes in chiral pendants groups bearing L-alanine and L-valine resulting in poly(S)-1 and poly-(S)-2 respectively.
This combination results in new materials with excellent and selective optical responses.
Thus, different studies demonstrate that the photoresponsive of the material depends on the
helical structure that the polymer adopts. In addition, the secondary structure can be controlled
by external stimuli (e.g., solvent properties, metal ions, light, etc.) resulting in very polyfunctional
materials. Due to their photochemical behavior, they can be extensively tuned. Moreover, the
introduction of the azobenzene has also an important influence on the helical structure depending
on the solvent properties. Thus, less donor/polar solvents result in a strong compression of the
helical structure, adopting a cis-cisoidal polyene backbone and a triple helix. Whereas in more
polar/donor solvents, a more stretched cis-transoidal polyene backbone associated to a double
helix is found.
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[2] F. Rey‑Tarrío, R. Rodríguez, E. Quiñoá, R. Riguera, F. Freire, Angew. Chem. Int. Ed. 2021,
133, 8176-8184.

384

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S10-OC07

NEW MULTICOMPONENT MOLECULAR CRYSTALS OF ANESTHETIC
DRUG LIDOCAINE: STABILITY IMPROVEMENT THROUGH
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Lidocaine (lid) is an anesthetic and antiarrhythmic drug whose major drawback is the low solubility
in an aqueous medium, limiting its use via intravenous injection [1]. To solve this problem, lid is
generally used as its hydrochloride derivative (lidhcl), which presents a high solubility, facilitating
the aqueous pharmaceutical formulation.
During the last decades, crystal engineering has proved the potential to modulate the
physicochemical properties of active pharmaceutical ingredients (APIs) [2]. Specifically,
cocrystallization allows the modulation of APIs properties by introducing different molecules in the
crystal structure. These molecules, known as coformers, are also “generally recognised as safe”
(GRAS), which allows using them as coformers in pharmaceutical cocrystallization [3].
Taking the previous premise into account, this work has focused on comparing the ability of lid
and lidhcl to form multicomponent pharmaceutical solids with polyphenols, molecules widely
studied due to their antioxidant properties and their implication in the prevention of degenerative
diseases. We also evaluated the potential to improve the current biopharmaceutical properties
and usability compared to the parent API. For these purposes, the multicomponent solid forms
were obtained by Liquid Assisted Grinding (LAG) and characterized by Power X-ray Diffraction
(PXRD), Differential Scanning Calorimetry/Thermogravimetric Analysis (DSC/TGA), Fourier
Transform Infrared Spectroscopy (FTIR) and Single Crystal X-ray diffraction (SCXRD).
The final analysis of the structural details of the corresponding solids forms obtained for lid and
lidhcl unravel the influence of the chloride ion on some relevant physicochemical properties,
giving special attention to the higher stability of lidhcl solid forms compared to those of lid.

References.
[1] L.K. Dunn, M.E. Durieux; Perioperative Use of Intravenous Lidocaine.Anesthesiology, 2017;
126,729–737. DOI:https://doi.org/10.1097/ALN.0000000000001527.
[2] D.J. Berr, J.W. Steed. Pharmaceutical Cocrystals, Salts and Multicomponent Systems,
Intermolecular Interactions and Property Based Design. Adv. Drug Deliv. Rev. 2017, 117, 3–24.
DOI:10.1016/j.addr.2017.03.003.
[3] I. Sathisaran, S. V. Dalvi. Engineering Cocrystals of Poorlywater-Soluble Drugs to Enhance
Dissolution
in
Aqueous
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Pharmaceutics
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ONLINE MATERIAL STUDIES BY THE BILBAO CRYSTALLOGRAPHIC
SERVER
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The Bilbao Crystallographic Server (http://www.cryst.ehu.es) website offers crystallographic
databases and programs [1,2]. It can be used free of charge from any computer with a web
browser via Internet. The server has been operating for more than twenty years, and new
programs and applications are constantly being developed. The server provides the access to
crystallographic data of space and point groups, magnetic space groups, subperiodic groups,
their representations, and group-subgroup relations. A database on incommensurate modulated
and composite structures, and a magnetic-structure database are also available. A wide range of
complex solid-state physics and structure-chemistry aspects of materials studies are facilitated
by the specialized software provided by the server.
The server offers a set of structure-utility programs including basic tools for crystal-structure
transformations or transformations compatible with a specific symmetry reduction. There are
online tools for quantitative analysis of similarity of different structure models (helpful also for the
recognition of identical or nearly-identical atomic arrangements of different compounds [3]) or the
analysis of crystal-structure relationships that are of great utility for the construction of family trees
of homeotypic crystal structures, known also as Baernighausen trees. There are tools for
systematic studies of phase-transition mechanisms including the evaluation of structural
pseudosymmetry which could serve as a powerful method for the prediction of new ferroelectric
and ferroelastic materials. For example, polar structures with pseudosymmetry related to a
hypothetical non-polar configuration can be considered as good candidates for ferroelectrics [4].
Recently implemented computational tools and databases allow the systematic application of
symmetry arguments in the study of magnetic structures.
The presentation of the databases and programs offered by the Bilbao Crystallographic Server
will be accompanied by case studies illustrating the capacity and efficiency of the online tools in
material studies.
[1] M. I. Aroyo, J. M. Perez-Mato, C. Capillas, E. Kroumova, S. Ivantchev, G. Madariaga, A.
Kirov & H. Wondratschek. Z. Kristallog. 221, 15-27 (2006).
[2] M.I. Aroyo, A. Kirov, C. Capillas, J.M. Perez-Mato & H. Wondratschek. Acta Cryst. A62, 115128 (2006).
[3] G. de la Flor et al. (2016) J. Appl. Cryst., 49, 653-664
[4] C. Capilllas et al. (2011), Z. Kristallog., 226, 186-196
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2D AND 3D NANOSCOPY CHARACTERIZATION OF ULTRA-THIN
LANTHANUM OXIDE EPITAXIAL LAYERS ON CeO2 NANOCUBES WITH
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The growth of materials in the form of thin layers or multilayers is commonly achieved
through techniques like Liquid Phase Epitaxy, Molecular Beam Epitaxy, Metal Organic Chemical
Vapor Deposition or Pulsed Layer Deposition, which require sophisticated equipment, high
temperature conditions and, usually, a single-crystal substrate. Here we explore the use of
medium surface area nanostructured platforms (a controlled-shape nano-oxide) and conventional
wet chemistry impregnation techniques to prepare, powder type, materials in which atomically
thin surface layers are epitaxially deposited under very mild conditions.
To clarify the potential of this approach, it becomes necessary first to reveal the actual
structure of this type of layers in 3D. Here we have faced this challenge in a particularly complex
case, namely the characterization of low loading, subnanometric-thick, layers of La (ZLa=57) oxide
grown on the surface of CeO2 (ZCe=58) nanocubes, i.e. a quite heavy functional oxide, using
scanning-transmission electron microscopy (STEM). Two facts make of this a quite difficult task:
(i) only a 10 at. % of La precursor was used, which leads to layer thickness values in the atomic
range and (ii) the similar values of atomic numbers of the elements involved precludes the
discrimination of the two components by any imaging technique other than spectroscopic ones,
such as STEM-EDX.
In particular, we will report the results of studies of the morphology of the lanthanum surface
layers onto the CeO2 nanocubes using both 2D and 3D (Analytical Electron Tomography)
techniques. 2D Aberration Corrected STEM-EDX suggests that ceria nanocubes become
covered, in a continuous fashion, with an ultra-thin layer (between 2 and 4 atomic planes) of a
mixed La-Ce oxide (Figure 1a,b). However, the advanced analysis of STEM-EDX Electron
Tomography experiments using Artificial Intelligence methodologies reveals that the mixed
lanthanum-cerium oxide does not distribute uniformly on top of the CeO2 nanocubes but, instead,
in a patchy like pattern which extends on most of the available surface (Figure 1c,d).
The complex distribution of LaOx revealed by these experiments allows to rationalize the
outstanding low temperature reducibility behaviour observed for these nanomaterials.

Figure 1. (a) HR HAADF-STEM image of CeO2 cube acquired at [001] zone axis covered with an
atomically thin LaOx layer; (b) EDX map of La and Ce signals overlapped; (c,d) 3D rendered
volume showing the distribution of LaOx layer over the CeO2 cube. The green colour represents
La signal and red Ce; in (d) red was set to be transparent to better visualize the distribution of La
signal.
Acknowledgements
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THE ELECTRONIC STRUCTURE OF TRANSITION METAL (TM) OXIDES
FOR THE OXYGEN EVOLUTION REACTION: THE CRITICAL ROLE OF TM
3D HOLE STATE
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Electrolysis of water to produce hydrogen and oxygen is a promising pathway for the
storage of renewable energy in form of chemical fuels. The efficiency of the overall process is
usually limited by the sluggish kinetics of the oxygen evolution reaction (OER) due to a complex
four-electron/proton transfer mechanism. Therefore, the most crucial step for water electrolysis to
become a widespread industrial process is to develop efficient electrocatalysts capable of driving
the OER at a low overpotential.[1,2]
In this talk, I will summaries the key electronic features that induces high catalytic activity
towards the oxygen evolution reaction of trivalent transition metal (TM) oxides with perovskite
structure, such as LaCoO3[3] and LaFeO3.[4] The partial substitution of La for Sr in LaTMO3 results
in the oxidation of TM3+ to TM4+ and substantially enhances OER catalytic activity. A
comprehensive X-ray spectroscopic study, based on in-situ XPS and XAS, reveals a strong
correlation of the enhanced OER catalytic activity with the presence of cations in the 4+ oxidation
state. Increasing the concentration of TM cations in the 4+ oxidation state leads to a more covalent
TM–O bond due to higher TM 3d–O 2p orbital hybridization and shifts the energy position of the
valence band (VB) closer to the Fermi level (EF). Such an electronic modulation optimizes the
surface adsorption energetics of *OH intermediates, contributing to faster OER kinetics.
Furthermore, the oxidation of TM3+ to TM4+ creates a new unoccupied state (hole state) below
the conduction band, associated with the formation of TM 3d empty electronic states. This hole
states reduce the energy barrier for electron transfer associated with the OER, as illustrated in
the figure below, thereby facilitating charge transfer at the interface during the reaction.

Figure 1: Key electronic features of transition metal (TM) oxides for the oxygen evolution reaction
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ISOLATED COPPER SINGLE SITES STABILIZED IN MOF-808 FOR
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Since 20th century, with fast population growing and industrial farms, the world is suffering an
ever-increasing environmental crisis that is threatening human health. In this context, scientists
are looking for a remedy to tackle or mitigate the presence of existing pollutants in our planet.
Mononitrogen oxides (NOx) are an important class of hazardous gases. In particular, NO2
monitoring in air has attracted much attention due to the severe toxicity of this gas [1]. MetalOrganic Frameworks (MOFs) are materials with high thermal stability and permanent porosity,
which have been exploited in multiple applications [2]. Luminescent MOFs have been extensively
used in chemical sensing to detect a wide range of toxic gases [3]. Herein, we show a strategy to
post-synthetically incorporate copper ion into the Zr(IV)-cluster of MOF-808 (Cu-MOF-808) to
improve the optical sensing of NO2 gas. Cu-MOF-808 exhibited a promising and reversible optical
response for NO2 gas even at 10 ppm concentration (Figure 1.). The obtained materials were fully
characterized by FT-IR, photoluminescence and X-ray absorption spectroscopies (XANES and
EXAFS), 1H-NMR, PXRD, SEM and TGA analyses. Furthermore, we combined pair distribution
function (PDF) analyses with density functional theory (DFT) modelling to demonstrate the atomic
structure of the isolated copper single sites as well as the precise physisorption interaction of NO2
gas within MOF.

Figure 1. (A) Crystal structure of MOF-808, (B) PL spectra of Cu-MOF-808 upon exposure to
NO2 and N2 gases, compared with MOF-808, (C) PL Kinetics of Cu-MOF-808 after exposure to
different concentrations of NO2 gas
Reference
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ELUCIDATION OF CO2 COOPERATIVE ADSORPTION PROCESS
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Metal-Organic Frameworks (MOFs) are a class of hybrid porous crystalline materials based
on inorganic nodes connected through organic linkers. They possess interesting properties such
as high porosity, high concentration of metal centres and flexibility.[1] MOFs can maintain their
crystal structure upon removal, inclusion, exchange, or reaction of a wide selection of guests,
making them useful for multiple applications, e.g., in selective gas adsorption/separation.[2] The
synthesis of chemically and thermally stable MOFs, the comprehension of their properties and
knowledge of their crystallographic features are indispensable for the design and development of
well performing materials. As MOFs’ properties are intrinsically related to their crystal structure, a
deep understanding of the host-guest interactions during adsorption processes is a fundamental
aspect.
Fe2(BDP)3 [H2BDP = 1,4-bis(pyrazol-4-yl)benzene] is characterised by a 3D network with
1D triangular channels.[3] The high stability, the peculiar shape of its channels and its good
Brunauer-Emmett-Teller specific surface area (1230 m2/g)[3] prompted its investigation as CO2
storage material. Static and dynamic gas adsorption experiments showed that Fe2(BDP)3 can
selectively adsorb CO2 over N2 and that the CO2 adsorption-recovery process can be repeated at
least 11 times. Most important, the CO2 adsorption process proceeds with an unusual increase
of the isosteric enthalpy of adsorption, upon increasing loading, indicative of cooperative
adsorption. High resolution PXRD data (ESRF ID-22) were collected while varying the CO2
loading (T = 273 and 298 K, pCO2 = 0-8 bar). The in situ and operando experiment, together with
computational modelling enabled a deep comprehension of the CO2 cooperative adsorption
behaviour, shedding light on the structural features underlying this process. The results show the
accommodation of CO2 molecules in three different sites in the 1-D triangular channels along with
a tilting of the benzene rings of the BDP residues.

0 bar

8 bar

Fig.1. Primary adsorption sites and main host-guest/guest-guest interactions of the CO2
molecules in Fe2(BDP)3, together with the torsion of the benzene ring of the ligand during the
adsorption process.
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It is well known that, under certain conditions, C(sp3) atoms behave, via their σ-hole, as
Lewis acids in tetrel bonding. Here, we show that methyl groups, when bound to atoms less
electronegative than carbon, can counterintuitively participate in noncovalent interactions as
electron density donors.[1] Hundreds of experimental structures are found in which methyl groups
behave as Lewis bases to establish different - and π-hole interactions, including Hydrogen
bonds (Fig. 1).[2] Theoretical calculations confirm the high directionality and significant strength
of the interactions that arise from a common pattern based on the electron density holes model.
Moreover, despite the absence of lone pairs, methyl groups are able to transfer charge from σ
bonding orbitals into empty orbitals of the electrophile to reinforce the attractive interaction.

Figure 1. Analysis of the topology of the electron density showing a methyl group acting as Hbond acceptor.
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STUDY OF THE Ir-Si Bond IN Ir-(fac-κ3-NSiN) AND Ir-κ2-NSi COMPLEXES
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Metal-silicon bond lengths in late or low-valent transition metal silyl complexes are
commonly shorter than would be expected for a covalent single bond. Among them, the lowest
limits of the reported distances are observed in Ir-(fac-κ3-NSiN) species. In particular, the shortest
Ir-Si bond length is found in complex with fac-κ3-NSiN bis(4-methyl-pyridine-2-yloxy)methylsilyl
ligand and a triflate ligand (Figure 1).[1]

Figure 1. Histogram of Ir-Si bond length in the Cambridge Structural Database. Structures with (fac-κ3-NSiN) coordination (green) vs all the structures (reddish). Ir complex with shortest Ir-Si
bond length.
Computational studies (AIM, NBO and EDA-NOCV) of the Ir-Si bond in Ir-(fac-κ3-NSiN)
complexes evidenced that this bond can be described as an electron-sharing bond. However, the
shortening is mainly due to its ionic character (as a result of its high polarization), and contribution
of backbonding of electronic density from d-metal orbital to σ*-silicon orbital is smaller.[2] The
presence of the metal-silyl bond in these complexes labilizes the ligand trans located to Si atom,
modifying their reactivity and catalytic activity. In this contribution, as continuation of our studies,
we describe the characterization of the Ir-Si bond in iridium(III) complexes with the monoanionic
bidentate κ2-NSi (4-methyl-pyridine-2-yloxy)ditertbutylsilyl ligand.

References
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SPIN-CROSSOVER COBALT(II) MOLECULAR NANOMAGNETS
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Paramagnetic mononuclear 3d-metal complexes with tailor-made "non-innocent" ligands
have recently emerged as archetypical examples of dynamic molecular systems (DMSs). The
enormous impact of DMSs on several domains of molecular nanoscience and nanotechnology
stands from their ability to perform specific and selective functions under the control of an external
stimulus that appropriately tunes their structural and electronic (optical, redox, and magnetic)
properties. Here we present the chemistry and physics of a unique class of molecular
nanomagnets based on mononuclear six-coordinate spin-crossover cobalt(II) complexes with
potential chemo-, electro-, or photoactive, pyridinediimine (PDI) and terpyridine (TERPY)-type
ligands. Because of their unusual combination of chemical (Brønsted or Lewis acidity, and redox)
and physical (optical or luminescent, and magnetic) properties resulting from the metal and the
ligand counterpart, they can be used in designing multifunctional and multiresponsive advanced
magnetic materials for molecular spintronics and quantum computing technologies. Hence,
mononuclear octahedral cobalt(II)-PDI and TERPY complexes behaving as spin-crossover
molecular nanomagnets afford an excellent chemical set of DMS models for fundamental studies
on magnetic field-induced and chemo-, redox-, or photo-triggered, slow magnetic relaxation
phenomena. In particular, they seem to be promising candidates for molecular spintronics and
quantum computing devices like spin switches and capacitors or spin transistors and qubits.
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DOES NANOSTRUCTURE AFFECT FUNCIONAL PROPERTIES OF
CALCIUM PHOSPHATE NANOELICITORS?
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Nowadays, anthropogenic action derived from the overuse of agrochemical is producing
irremediable environmental damages. Thus, precision agriculture techniques to achieve high
crops yields with lower doses of agrochemicals is urgent needed. Between these strategies,
nanotechnology has the potential to improve the efficiency of agrochemicals since nanocarriers
provide multiple benefits such as: i) controlled release kinetics; ii) prevention of the premature
degradation under harsh environmental conditions; iii) enhancement of the spread and adhesion
of droplets; iv) reduction of the lixiviation and v) the reduction of the needed dosage. Furthermore,
the nanomaterials can be finely-tuning (i.e. size, structure, morphology, etc) according to the plant
targets.[1]
Among nanomaterials, biomimetic calcium phosphate (CaP) nanoparticles as apatite (Ap)
and its precursor phase, amorphous calcium phosphate (ACP) have been proposed as ideal
nanocarrier due to their composition (mainly calcium and phosphorus, two relevant plant
nutrients), biocompatibility, partial solubility in water, non-toxicity, high capacity to host a large
variety of cationic and anionic substitutions and superior adsorption capacity of organic molecules
(i.e., urea, methyl jasmonate, humic acid) [2,3,4]. In a previous work, we developed an efficient
nanoelicitor based in amorphous calcium phosphate nanoparticles (ACP-E) that allow to reduce
10 times elicitor dosage in in vivo Monastrell vineyards while maintaining the quality of the
grapes.[3,4] Going a step further, we decided to load the elicitor on nanocrystalline apatite in order
to evaluate how the structure and morphology could affect the loading efficiency, release kinetic
and the in vivo performance. In other words, this study is aimed at correlating structural features
of nanocrystalline materials with their functional properties.
These findings are of high relevance for finely tuning more sustainable nano-agrochemicals
in terms of mineral surface reactivity, dissolution process, release kinetic and plant uptake.
This research was funded by the Spanish Research Agency (AEI/MCIU/FEDER) through the
project NanoVIT (RTI-2018-09579).
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METALLIC CAGES AND CAVITANDS FEATURING POLAR INTERIORS
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In this presentation, I will describe the synthesis of tetra-α isomers of aryl and super aryl-extended
calix[4]pyrroles bearing four pyridyl substituents at their upper rims. I will show that only the tetrapyridyl substituted super aryl-extended calix[4]pyrrole self-assemble into mono-metallic cages
displaying two different polar binding sites by coordinating to one Pd(II) or Pt(II) metal center.[1]
The assembled mono-metallic-cages are capable of reversibly including mono and ditopic polar
guests in organic solvents. The characterization studies of the cages and its cage complexes will
be detailed, both in solution and in the solid-state. The kinetic results for the guests’ exchange
suggesting the existence of a “french-doors” mechanism involving the four meso-phenyl
substituents of the cage will be disclosed. The proposed mechanism serves to explain the
dissimilar exchange dynamics experienced by included guests of the different size.[2] Recent
findings on the self-assembly of analogous aqueous-soluble Pd(II)-cages, as well as closely
related di-nuclear-metalo-bridged cavitands will be briefly commented.[3]

Figure 1. a) X-Ray structures of the inclusion complexes that will be discussed in this
presentation: a) tetra-α tetra-pyridyl super aryl-extended calix[4]pyrrole ligand; b) corresponding
self-assembled mono-nuclear Pd(II) cage; c) tetra-α tetra-pyrazinyl super aryl-extended
calix[4]pyrrole ligand; d) resulting di-nuclear cavitand by coordination to two Pt(II)dppp metal
corners. Receptors are shown in ORTEP views with thermal ellipsoids set at 50% probability for
the non-hydrogen atoms. Hydrogen atoms are depicted as fixed-size spheres of 0.3 Å radius. The
included guests are shown as CPK models. For clarity, triflate anions and non-included solvent
molecules are omitted.
References
[1] L. Escobar, D. Villarón, E. C. Escudero-Adán and P. Ballester, Chem. Commun., 2019, 55,
604-607.
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SELF-ASSEMBLY OF LUMINESCENT METAL COMPLEXES IN VITRO AND
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Luminescent molecules that can undergo self-assembly are of great interest for the
development of new materials, sensors, biolabels…. In some cases the assembly can lead to an
enhancement of the emission, a change in the luminescence energy and even to unexpected
biological phenomena.
The talk will illustrate some of the recent results on the self-assembly of platinum
complexes and their evolution in solution[1]. The different species that evolve from the initial
assembly can be visualize thanks to their different photophysical properties and the control of the
solvents determines the kinetics of their evolutions. The stabilization of transient species, formed
in the assembly process can be achieved using cage type structures can lead to their stabilization
or even existence in solution, in a condition out of equilibrium. We recently demonstrated[2] that
it is possible to entrap intermediate states of luminescent assemblies and prevent their
thermodynamic evolution towards the equilibrium state. Furthermore the use of nanocages able
to break on demand allows the transport and release in cells of such species and therefore their
dynamics can be observed in living cells.
Finally some water soluble compounds where studied to follow the self-assembly in vivo
and the resulting reactivity/toxicity of such species. We employed transparent polyps, Hydra
vulgaris to study the self-assembly in living animals that can be monitored by the appearance of
an intense green/yellow emission. Interestingly, differences in the fluorescence emissions were
observed in tentacle and body regions. Also morphological or behavioural alterations where
followed to understand dose dependent toxicity when the Hydra were treated with different doses
of Pt(II) complex.
An extraordinary phenomenon was detected with one of the complex that showed a clear
effect on pluripotent stem cell proliferation, especially at low doses. This effect was further
demonstrated by the increased number of differentiated cells, i.e. neurons and gland cells and it
is still under study.
References
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A responsive supramolecular system comprising a bis-imidazolium gelator[1] (1·2Br, below) with
a porphyrin and azobenzene photoswitch, both of which are anionic, self-assembles in mixtures
of water and ethanol to give a gel which is responsive to light, where the porphyrin moves over
micrometer scale distances when irradiated.[2] The movement is instigated and characterized
using total internal reflection fluorescence microscopy. The movement is shown to be a result of
both photothermal effects and the trans-cis-trans switching of the azo molecule. In the absence
of this switch, no motion occurs, but the system acts as a useful material for the generation of
singlet oxygen. [3] More recent results on the movement of molecules in these supramolecular
systems will be included.
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ORGANIC BIOSUPRAMOLECULAR SYSTEMS (TH)AT WORK
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This lecture will focus on synthetic organic, molecular and supramolecular systems with
significant functions. Emphasis will be on the integration of underrecognized or even new
concepts to get into contact on the molecular level, in the hope that fundamentally new
approaches to interact with provide access to new structures and functions that will ultimately
allow us to tackle challenges that are otherwise beyond reach.
In this spirit, one topic of interest concerns catalysis with unorthodox interactions. This has
been realized first with anion-π interactions and then expanded to chalcogen, pnictogen and tetrel
bonds. By now, several reactions have been realized, including enolate, enamine, iminium and
Diels-Alder chemistry. The most recent polyether cascade cyclizations, known from monensin A
to brevetoxin B, studied by many giants in organic chemistry, are particularly fruitful in this context.
They provide access to autocatalysis on π-acidic surfaces, offer evidence that pnictogen-bonding
catalysts are more than just weak Lewis acids,[1] and allow to develop lipid bilayer membranes as
unique environment for catalysis. Catalytic systems explored to integrate unorthodox interactions
include small molecules but also foldamers, carbon nanotubes,[2] artificial enzymes, and even
electric fields.
Chalcogen bonds will be introduced as the key to build mechanosensitive fluorescent
probes that change color like lobsters during cooking. The imaging of physical forces in live cells
is a fundamental challenge in biology, and the resulting “flipper probes” have been shown to
provide the small molecule chemistry tools needed to image to membrane tension by FLIM.[3]
Examples will move from design and synthesis to intracellular targeting by empirical tracking,
genetic engineering, and photocaging, with illustration of pertinent biological questions related to
tension-induced microdomain assembly, plasma membrane asymmetry, mitochondrial division,
endocytosis and the secretory pathway.
Dynamic covalent exchange chemistry will be introduced as the key to find new ways to
enter cells. Thiol-mediated uptake will the covered as the emerging method of choice to deliver
directly into the cytosol, explain the mystery of cell-penetrating oligonucleotide
phosphorothioates, and develop new strategies to inhibit viral entry.[4] This growing significance
of thiol-mediated uptake calls for “walker-like” dynamic covalent cascade chemistry with
bioinspired epidithiodiketopiperazines, benzopolysulfanes, cyclic thiosulfonates, pnictogen relays
and tetrel-centered Michael and thiolactone exchangers.
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SYNTHESIS AND EXCITED STATE CHARGE SEPARATION INVOLVING
COORDINATED C60
Ángela Sastre-Santos,a Jorge Follana-Berná,a Andrew Dawson,b Sairaman Seetharaman,b Paul
A. Karrc and Francis D’Souzab
a

Área de Química Orgánica, Instituto de Bioingeniería, Universidad Miguel Hernández de
Elche, Avda. de la Universidad s/n, 03202 Elche, Spain

b

Department of Chemistry, University of North Texas, 1155 Union Circle, #305070, Denton, TX
76203-5017, USA

c

Department of Physical Sciences and Mathematics, Wayne State College, 1111 Main Street,
Wayne, Nebraska 68787, USA
e-mail: asastre@umh.es

Keywords: pyrazine fused zinc phthalocyanines, -extension, supramolecular donor-acceptor
conjugate, excited-state charge separation
Polycyclic aromatic hydrocarbons (PAHs) play an important role in organic electronics[1]. To
increase the stability and the conjugation, pyrene units could be further attached through
heteroatoms to improve the photo/chemical stability to oxygen or light[2]. In terms of the synthesis
of these types of large acenes through pyrene, many routes have been studied and one of the
best protocols is to synthesize the quinoxaline derivative from the dione and the corresponding
diamino subunit. Using this strategy of quinoxaline fusion, several phthalocyanines, porphyrins,
and subporphyrins have been reported in the literature[3]. Herein, using this strategy, we will
present the synthesis and characterization of different -extended pyrazinepyrene fused
phthalocyanines (Figure 1a). Upon full characterization, the role of pyrazinepyrene in modulating
ground and excited state properties was systematically investigated. Further, these compounds
were utilized to form donor-acceptor conjugates by metal-ligand axial coordination approach by
using phenyl imidazole functionalized fulleropyrrolidine, ImC60[4] (Figure 1b). The occurrence of
excited-state charge separation leading to relatively long-lived charge-separated states was
possible to establish using pump-probe spectroscopies operating under a wide spatial and
temporal range.[5]

Figure 1. a) ZnPc-Pyr-ZnPc system. b) ImC60:ZnPc-Pyr-ZnPc:ImC60 complex
References
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Supramolecular chemists have developed a toolbox of methods that allowing preparing molecular
cages with cavities with customized sizes and properties that allow the encapsulation of guest
molecules. From this basic host-guest function, the development of more sophisticated cage
systems with tailored cavities allowed expanding the number of applications including catalysis,
molecular recognition, gas separation, catalysis, materials chemistry, and emerging biomedical
applications.[1]
The large structural diversity and the synthetic simplicity to prepare molecular cages boosted the
fast growing of the field in the last decade. In general, cage synthesis involves the self-assembly
of building blocks with precise shape and geometry under equilibrium control to yield the most
stable cage structure, and therefore it is required a labile nature of the bonds formed in the selfassembly process to drive cage formation. The obtained cage has the designed size and shape
with specific functional groups pointing towards the cavity that define their binding properties.
This communication will show different synthetic strategies to obtain molecular cages from
different building blocks. The different properties of the building blocks result in cages determine
the size of the cavity and the associated host-guest properties defined by chemical nature of the
chemical groups pointing towards the cavity (Figure 1). Remarkable effects can be observed by
just changing one single atom in the cage ligand, that can turn an active catalyst into inactive.[2,3]

Figure 1. Scheme showing the encapsulation of a guest molecule by a molecular cage.
Acknowledgements: V.M.-C. acknowledges the financial support from Project
CIDEGENT/2020/031 funded by Generalitat Valenciana and Project PID2020-113256RA-I00
funded by MCIN/AEI /10.13039/501100011033.
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Metallo-organic ensembles built with aromatic panels are challenging targets as they
provide cavities for the encapsulation of guest molecules through - interactions. Capsules
based on porphyrins[1] or phthalocyanines[2] offer large defined spaces for the encapsulation of
large organic guests such as fullerenes. Beyond the mere recognition of fullerenes by these
metallo-organic cages, some authors have taken advantage of the shape complementarity and
space confinement in the host:guest complexes to carry out organic transformations that do not
proceed outside the cage.[3] Here, we describe phthalocyanine-based metallo-organic assemblies
able to form host:guest complexes with different aromatic species. In particular, we have applied
subphthalocyanine-based capsules 1 formed by Pd-directed dimerization of two C3-symmetry
subphthalocyanines[4] as molecular flasks to induce photoredox reaction with guest fullerenes,
triggered by the subphthalocyanine excited state. Also, cycloaddition reactions over fullerenes in
water media are reported, where the subphthalocyanine capsules behave as hydrophobic
pockets. Confinement of the fullerene in the void space of the SubPc capsule proves essential to
effectively perform these transformations.

References
[1] C. Fuertes-Espinosa, C. García-Simón, E. Castro, M. Costas, L. Echegoyen, X. Ribas, X.
Chang, S. Lin, G. Wang, C. Shang, Z. Wang, K. Liu, Y. Fang, P. J. Stang, J. Am. Chem. Soc.
2020, 142, 15950–15960.
[2] E. Fazio, C. J. E. Haynes, G. de la Torre, J. R. Nitschke, T. Torres, Chem. Commun. 2018,
54, 2651–2654.
[3] T. K. Ronson, B. S. Pilgrim, J. R. Nitschke, J. Am. Chem. Soc. 2016, 138, 10417–10420.
[4] I. Sánchez-Molina, B. Grimm, R. M. Krick Calderon, C. G. Claessens, D. M. Guldi, T. Torres,
J. Am. Chem. Soc. 2013, 135, 10503–10511.

402

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S11-OC04

METAL CENTERS AS ELECTRON DONORS IN σ-HOLE INTERACTIONS
Antonio Fronteraa
a

Departament de Quimica, Universitat de les Iles Balears, Crta de Valldemossa km 7.5, 07122
Palma de Mallorca (Baleares), SPAIN
e-mail: toni.frontera@uib.es

Keywords: σ-hole interactions, metal centers, supramolecular chemistry, halogen bonds,
chalcogen bonds
In this communication, the role of metal centers as electron donors is analyzed from two
perspectives. Firstly, it highlights recent studies discovering unconventional halogen and
chalcogen bonding (HaB and ChB, respectively) that involves positively charged metal centers.
These centers provide their filled d-orbitals for HaB/ChB, and thus behave as nucleophilic
components toward the σ-holes at the halogen or chalcogen atoms (see Figure 1a). This role of
some electron-rich transition metal centers can be regarded as an oxymoron in the sense that the
metal is, in most cases, formally cationic; consequently, its nucleophilic function is surprising. The
importance of Ha⋅⋅⋅d-[M] (Ha=halogen; M is Group 9 (Rh, Ir), 10 (Ni, Pd, Pt), or 11 (Cu, Au))
interactions in crystal engineering is emphasized by showing remarkable examples reported and
uncovered by processing of the Cambridge Structural Database (CSD),[1] where this Ha⋅⋅⋅d-[M]
directional interaction guides the formation of solid supramolecular assemblies of different
dimensionalities.
Secondly, by exploring the CSD and using DFT calculations it is shown that the metal center can
also enhance the σ-hole interaction (in particular ChBs) by metal coordination (see Figure1b).
Moreover, the new σ-hole that is formed opposite to the M–Ch bond provides an extra possibility
of binding. In fact, an example where Pd–Te···Cl chalcogen bond is provided that has a strong
directing role and is responsible for the formation of an interesting supramolecular polymer.
The results derived from this study might be useful to those scientists working in the fields of
supramolecular chemistry and crystal engineering as well as to inspire chemists working in
supramolecular catalysis.
(a)

(b)

Figure 1.
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Self-assembly of square-planar platinum(II) complexes to form supramolecular structures
have been widely studied because of the strong tendency of their rigid skeleton to form
intermolecular π···π and Pt···Pt interactions, which leads to assembly-induced luminescence of
great relevance for applications in OLEDs, chemosensors and bioimaging.[1] Among the wide
range of Pt(II) complexes, cyclometalated compounds containing the strong field isocyanide
ligands are strongly emissive materials with photophysical characteristics which, on occasions,
can be modulated by controlling their assembly, which constitutes a powerful tool for developing
materials with stimuli-responsive luminescence properties.
In this context and with the aim of investigating the influence of the isocyanide and
cyclometalated ligands on the self-assembly and photophysical properties of Pt(II) compounds,
we report here two series of Cl/CNR cyclometalated platinum complexes, [Pt(C^N)Cl(CNR)], with
2,6-dimethylphenyl (CNXyl) (1-3)[2] and tert-butyl (CNBut) (4-5) isocyanide ligands, featuring 2phenylpyridine (ppy), 2,4-difluorophenylpyridine (dfppy), phenylquinoline (pq) and 4-(2pyridyl)benzaldehyde (ppy-CHO) as cyclometalated ligands (C^N).
We demonstrate in this work the fine modulation of molecular packing and emission
properties by minor molecular structural variations or solvents using X-ray diffraction and
theoretical studies. It was found that the planarity of phenylpyridine-based derivatives favours the
formation of aggregates through π···π and/or Pt···Pt interactions in the ground and excited states,
giving rise to different chromic behavior upon application of one or several stimuli. Complexes
with CNXyl display interesting mechanochromic and Aggregation Induced Emission (AIE)
luminescent effects, whereas with CNBut exhibit multi-stimuli responsive properties, such as
vapochromism, solvatochromism, thermochromism and mechanochromism.

Figure 1. Complexes presented in this work, multi-stimuli behavior of 4 and crystal structures of
4 and 4·CHCl3
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Copper(I)-based compounds are promising in the search for more sustainable, cheap, and
abundant luminescent materials. However, the limited emission quantum yields of Cu(I)
compounds in fluid states remain a major challenge for their use in sensing and diagnosis
applications. Copper(I) complexes often display room temperature phosphorescence as the main
mechanism of emission, however, recently, it has been demonstrated that their emission can be
turned into Thermally activated delayed fluorescence (TADF).[1] In condensed phases, the
formation of oligomers with M-M can cause an enhancement of the emissive properties, this
phenomenon is classified as a type of non-conventional Aggregation Induced Emission (AIE).[2,3]
Thus, the tendency of iodine-containing Cu(I) coordination compounds to aggregate forming the
luminescent L4Cu4I4 cubane-like clusters with Cu∙∙ Cu contacts can be exploited to form
luminescent materials. Unfortunately, the luminescence of these clusters is lost in solution due to
the disassembly of the cubane-like structures caused by the dynamic nature of the Cu-I and CuL bonds and the tendency of Cu to adopt different structures and geometries depending on the
availability of coordinating solvents. Furthermore, Cu(I) easily oxidizes in aqueous media, limiting
its application in sensing and diagnosis applications.[4]
In this context, we designed a family of Cu(I) compounds containing Cu4I4 which present
polymeric structures [Cu4I4(L)2]n and remarkable AIE (Figure 1a,c). Their emissive properties have
been assessed demonstrating the incidence of TADF as a main emissive mechanism. These
compounds are stable in aqueous media due to the stabilization of Cu(I) by phosphine-thioether
ligands. More importantly, we have observed the self-assembled formation of coordination
polymer nanoparticles in aqueous media, one of the first examples of Cu(I)-based CPNs. Finally,
we followed the dynamic depolymerization process of [Cu4I4(L)2]n CNPs formed in an aqueous
environment, which revealed the responsiveness of their structural and emissive properties to
media composition (Figure 1).

Figure 1. a) X-Ray structure of the polymeric Cu(I) compounds. b) morphological and c)
luminescent responsive behavior of CPNPs to the presence of acetonitrile.
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In recent decades, the development of new catalytic systems have experienced considerable
growth with essential contributions in academia and industry.[1] However, despite all the
improvements achieved, the construction of new catalysts with high selectivity control and
capable of imitating enzymatic properties is still highly needed.
Nature is able to achieve high levels of selectivity by using enzymes with a perfectly engineered
binding pocket, capable of selectively binding a specific substrate. Inspired by this, several
research groups have designed self-assembled nanoreactors that are able to select from a range
of different molecules or intermediates, a single molecule able to fit into the cavity, resulting in a
new tool to gain selectivity control.[2]
In our group, we have designed a new class of self-assembled capsules based on cyclic peptide
that are able to encapsulate transition metal complexes,[3] anions,[4] and organic molecules.[5]
Herein, we present the synthesis of new molecular containers in which a certain molecular cap
are anchored to cyclic peptide through click chemistry strategy in order to cap the upper cavity of
the dimers and, thus, completing the architecture of the cages. We envisioned that these kinds of
peptide-based capsules could be attracting tools to gain control over selectivity in different
reactions by trapping the substrate inside the cavity.
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Architectures constituted of stacked aromatics play a crucial role in the development of
function in biomacromolecules. Recreating this feature on synthetic systems would not only allow
understanding and reproducing biological functions but also developing new functions. For
instance, the performance of organic field-effect transistors, light-emitting diodes, and solar cells
critically depends on the charge transport efficiency of stacks of organic semiconductors. Among
different packing configurations, lamellar π-stacking has been identified as an optimal
configuration for electronic transport, because of the efficient intermolecular electronic coupling.
Nitrogenated polycyclic aromatic hydrocarbons and nanographenes have attracted
considerable attention in recent years. Besides the effect of nitrogen doping on the electronic
structure, sp2 nitrogens can be engaged in hydrogen bonding interactions as acceptors. We have
developed the synthesis of novel architectures constituted of stacked nitrogenated polycyclic
aromatic hydrocarbons held together by hydrogen bonds, which include new families of
pseudorotaxanes, rotaxanes, foldamers and supramolecular polymers. The synthesis and selfassembling properties of these systems will be discussed together with their charge transporting
properties.
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A CHIRAL INTERLOCKING AUXILIARY STRATEGY FOR THE SYNTHESIS
OF MECHANICALLY PLANAR CHIRAL ROTAXANES
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Mechanically interlocked molecules can display stereochemistry by threading achiral covalent
fragments through one another - molecular chirality then relies solely on the mechanical bond.1
We have developed a “chiral interlocking auxiliary” strategy for the synthesis of enantiopure
Mechanical Planar Chiral (MPC) Rotaxanes.2 Our approach is based on the combination of
building blocks that both orientate a macrocycle and promote its loading onto a new site of an
axle, following an active template copper-mediated alkyne-azide cycloaddition (AT-CuAAC)
strategy.3
We show the potential of this discovery through the synthesis of a number of rotaxanes in
excellent enantiopurity (up to 92 - 99% ee.), avoiding the use of chiral HPLC separation of
stereoisomers. The work includes several examples of what would be called “impossible
rotaxanes” – interlocked structures whose axles lack any functional groups that would allow their
direct synthesis by other means. Furthermore, the method allows the synthesis of both hands of
a mechanical planar chiral rotaxane using the same reactions and building blocks, but varying the
order of bond forming steps. 2

Figure 1. The “chiral interlocking auxiliary” approach for the synthesis of MPC Rotaxanes.
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During last five years we contributed to the preparation of a new family of metallotweezers,
formed by two gold(I)-NHC arms (NHC= N-heterocyclic carbene decorated with polyaromatic
systems) linked by four different bis-alkynyl spacers (Scheme 1). These assemblies benefit from
the tendency of Au(I) complexes to show linear geometry, and from the rich chemistry of gold
alkynyls which constitute interesting tools for the construction of supramolecular assemblies. In
the course of our research, we found that the supramolecular properties of our metallotweezers
was greatly influenced by the nature of the spacer connecting the two flat arms of the molecule.[1]
In particular, we found that, tweezer with the anthracenyl spacer A had a great tendency
to self-aggregate forming non-covalently bound dimers.[2] In contrast, the complex connected with
the xanthenyl spacer B did not self-aggregate, but the short distance between the two flat arms
prevented it from being qualified for acting as a receptor of planar aromatic substrates. Instead,
this metallotweezer showed very interesting properties as a metalloligand for metals such as Cu+,
Ag+ and Tl+.[3] The complex with the carbazolyl spacer C was able to encapsulate planar aromatic
guests.[4] Finally, the metallotweezer with the rigid dibenzoacridine spacer D, constituted a unique
example in which both, the monomer and self-aggregated structure can be formed. In this case,
the dimer constituted a new type of mechanically interlocked molecule (MIM), which we named
clippane, a term that refers to two-component MIMs formed by two fastened molecular tweezers.[5]
This communication aims describe and explain the differences in the properties disclosed by
these types of gold-based metallotweezers.

Scheme 1. Au(I)-based metallotweezers with pyrene-imidazolylidene-gold(I) arms.
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NUCLEOPHILIC AROMATIC SUBSTITUTIONS OF TETRAZINES (SNTZ)
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delivery
The main feature of supramolecular chemistry resides in its dynamic nature: Weak noncovalent interactions can be formed and broken very easily and therefore they are able to reach
the thermodynamic equilibrium, allowing some sort of “molecular error checking” by which the
system finally organizes in the most preferred way. However such inherent lability is also the
major handicap of supramolecular chemistry, which precludes its use in several applications.
Dynamic Covalent Chemistry (DCvC) was developed to combine reversibility and robustness
in an optimal way. This kind of chemistry is based on reversible covalent bonds, and therefore
extends all the advantages of the supramolecular chemistry to the molecular domain.
In this regard, our research group recently developed a novel dynamic reaction: The
Nucleophilic Aromatic Substitutions of Tetrazines (SNTz), which in addition to its reversible
nature, it takes advantage of the versatility of the tetrazine ring.[1] Indeed, this reaction quickly
exchanges phenols and alkylthiols in positions 3 and 6, at room temperature (Figure a). This
reaction is compatible with aqueous environments, and the compounds obtained by SNTz always
display a remarkable redox behavior (Figure c). Thiol derivatives are photodegradable by
UV irradiation, yielding the corresponding thiocyanate (Figure d). But probably the most
interesting aspect about SNTz is that all the compounds obtained can be functionalized by
the inverse electron demand Diels–Alder (IEDDA) reaction, which also locks the exchange
(Figure b). Thus, the IEDDA reaction allows for the attachment of molecular fragments and it
confers poststabilization to the chemical structures. Herein we present our latest results in the
synthesis of functional supramolecular systems,[1] targeted drug delivery,[2] and dynamic covalent
polymers,[3] all of them by SNTz.
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CHIRALITY TRANSFER FROM A 3D MACRO SHAPE TO THE MOLECULAR
LEVEL BY CONTROLLING ASYMMETRIC SECONDARY FLOWS
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Homochirality is a fundamental feature of living systems, where it determines the structure
and function of macromolecules and supramolecular assemblies. Yet its origin remains an
unsolved mystery.[1] Molecular chirality is not an essential prerequisite to observe chirality at the
nano- or microscopic scale. In fact, an enantiomeric excess (ee) can spontaneously emerge
during the self-assembly of an achiral molecule into a chiral aggregate due to a chiral symmetry
breaking process (with stochastic sign of the generated ee in the absence of a bias). In addition,
external physical forces, such as circularly polarized light[2] or macro- and microscopic mechanical
forces,[3–5] can bias a spontaneous symmetry breaking process towards deterministic
enantioselection. However, whether the shape of a reactor may play a role in chiral symmetry
breaking processes remains an open question.

Here we demonstrate an example of chirality transfer from the chiral shape of an 3D helical
channel to chiral supramolecular aggregates whereby the handedness of the helical channel
dictates the direction of enantioselection in the assembly of an achiral molecule.[6] By combining
numerical simulations of fluid flow and mass transport with experimental data, we could
demonstrate that the chiral information is transferred top-down thanks to the interplay between
the hydrodynamics of asymmetric secondary flows (whose asymmetry depends on the helical
pitch and operating conditions) and the precise spatiotemporal control of reagent concentration
gradients and reaction fronts. The presented result shows the possibility of controlling
enantioselectively molecular process at the nanometre scale via modulation of the geometry and
operating conditions of fluidic reactors, provided that the transport phenomena (fluid flow and
mass transport) are fully understood.
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The -helix (3.613) is a peptide secondary structure widely utilize by nature in the
construction of proteins. The definition of its architecture constituted a breakthrough that allowed
us to understand the disposition of the chemical information of the proteins on a tridimensional
space.[1] This peptide folding motif displays the amino acids lateral chains to the exterior of the
helix. The topology of this chemical information in the exterior of the helix is of key importance in
the peptide assembly and ultimately in the correct function of proteins.[2] Accordingly to the helical
symmetry, different repetition patterns in the primary sequence generate a helical topology in the
exterior of the -helical backbone.
We focus our efforts on the spectroscopic elucidation of the possible topologies generated
by the amino acid repetition patterns in the peptide sequence. To achieve this goal, we used as
model a fluorogenic non canonical amino acid incorporated into an -helix biased skeleton.[3]
Different repetition patterns were designed and evaluated in molecular dynamic (MD) simulations.
Key structural parameters of the -helical backbone together with distances and relative
orientation between chromophores could be abstracted from the averaged structures. The same
sequences were constructed by solid phase peptide synthesis and modify with the chromophore
unit. Circular dichroism experiments in revealed exciton coupling between chromophores of signs
matching the helical chirality predicted by the MD simulations.
The factors which affect the sign and intensity of the different exciton couplings observed
by CD were confirmed by varying length of the linker between the chromophore and the -helix
backbone was as well evaluated. This way the distances between chromophores and their degree
of freedom were restricted affecting to the relative orientation of the chromophores. Furthermore,
the pH-triggered controlled assembly of these peptides into 1D supramolecular structures was
observed, highlighting the importance of the exo-helical topologies of the -helix.
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Novel synthetic methodologies based on bottom up approaches have allowed the synthesis
and study of extended polycyclic aromatic hydrocarbons (PAHs) or large graphene nanoribbons
(GNR) in a well-defined manner.[1] These methodologies offer also the opportunity to functionalize
PAHs to afford nanostructured materials with potential applications in electronics at nanoscale,
like the capability to form supramolecular polymers by a self-assembly process, introducing
flexible chains into the aromatic core.[2]
On the other hand, distorted nanographenes, which combine in their structures hexagonal
and non-hexagonal rings resulting in nonplanar structures, show physical properties that differ
from their planar analogues. Unlike the extensive studies carried out in planar PAHs, less work
has been conducted in the self-assembly of distorted NGs, being mainly focused on pentagoncontaining corannulene derivatives[3] and leaving heptagon-containing derivatives as a perfect
object of study.
Herein, we present the first study of the self-assembly of amphiphilic heptagon-containing
nanographenes bearing flexible ethylene glycol chains. Despite the distortion from planarity of the
aromatic cores that could hamper an adequate stack, our results show that these saddle-shaped
heptagon-containing hexa-peri-hexabenzocoronenes (hept-HBCs) are able to self-assemble both
in THF/H2O mixtures and at air/water interface. Remarkably, they form two-dimensional (2D)
supramolecular polymers, affording extra-large nanosheets (4 ± 0.2 nm), in contrast to the usual
formation of fibers by purely hexagonal aromatics.
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Gold(I) complexes present a high versatility due to the possibility of giving rise to
supramolecular aggregates that can be organized in different morphologies. Thanks to this
feature, the luminescent properties can be modulated according to the structural changes.[1,2]
Their emission properties can make these compounds suitable for obtaining advanced
materials [3,4], therapeutic drugs, photodynamic therapy and sensors.[5,6]
The presence of gold can modify this emission by increasing the population of the triplet
state, which is the responsible for the phosphorescence emission, and it cannot be populated
easily in the absence of this heavy atom.[7]
In our work, we have synthetized a gold(I) tweezer with fluorene as a chromophore and
dppb phosphane as a link, which has optimal structural characteristics to be used as a host for
the detection of PAHs and PFCs, such as anthracene, naphthalene, …
The studies of the host:guest processes have been followed by changes on the resulting
luminescence in the presence of specific guests by spectrofluorometric titrations in solution
samples. In addition, computational studies have been ran in order to understand their
mechanism and selectivity. Finally, a functional device has been designed by preparing a
cellulose thin film that contains the gold(I) tweezer. If a pollutant is present in the medium, the
emission of the film will change by alerting the user about the poor quality of the water.

Figure 1. Representation of the sensing of an anthracene molecule.
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The surging interest in adaptive materials for myriad applications, from biomedicine to
electronics, has promoted the development of functional materials. Supramolecular polymers
(SPs) have emerged as promising candidates to build novel functional materials due to its
dynamic character originated by the reversibility of the noncovalent interactions that hold together
the supramolecular structure.[1] Squaramide (SQ) units, which are conformationally rigid
cyclobutenedione rings (Figure 1a), hold donor and acceptor hydrogen bonding units (two strong
N–H hydrogen bond donors and two C=O hydrogen bond acceptors) promoting an optimal
supramolecular growth. SQs present Z-E double bond isomerization (Figure 1b) that can give rise
to different supramolecular assemblies (Figure 1c and 1d) with different optical properties.[2] Here,
we present a quantum-chemical characterization of the structural, electronic, and optical
properties of novel SQ-based derivatives and their possible supramolecular aggregates.
Furthermore, we have analyzed the strong effect of the supramolecular structure on optical
properties through a simple extended Kasha model Hamiltonian.

Figure 1. Chemical structure of a simple squaramide derivative (a). Scheme of the geometrical
Z/E isomerism in disecondary SQs (b). Head-to-tail (c) and side-to-side (d) patterns for the
supramolecular growth of SQ-based derivatives.
References
[1] T. Liu, L. van den Berk, et al. Adv. Healthcare Mater. 2021,10, 2001903.
[2] F. Orvay, J. Cerdá, et al. Small. 2021, 17, 2006133.

415

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S11-FP05

A MECHANICALLY INTERLOCKED JAIL FOR C60 FULLERENE
A. de Juan,a F. G. Guijarro,a M. García-Iglesias, b and D. González-Rodrígueza,c.
a

Departamento de Química Orgánica, Facultad de Ciencias, Universidad Autónoma de Madrid,
28049 Madrid, Spain.
b

c

Department of QUIPRE, Inorganic Chemistry, University of Cantabria, 39005 Santander,
Spain

Institute for Advanced Research in Chemical Sciences (IAdChem), Universidad Autónoma de
Madrid, 28049 Madrid, Spain
e-mail: alberto.dejuan@uam.es

Keywords: porphyrin cages, self-assembly, host-guest chemistry, fullerene.
Fullerenes and their derivatives present a wide range of applications highlighting their use
in solar cells,1or biological applications.2 However, their synthesis and purification is difficult and
expensive. Functional systems formed from two or more porphyrin units, such as molecular
tweezers, macrocycles or molecular cages, have been widely employed as supramolecular
receptors for fullerenes.3
Here, we present a self-assembled molecular cage, formed by two porphyrin units tetrafunctionalized and connected through molecular linkers (see Figure 1), which has the ability to
host fullerene C60 into its inner cavity upon external stimulus. The mechanically interlocked nature
of the jail was demonstrated, since fullerene C60 only can be released from the molecular cage
by breaking (some of) its covalent structure.

Figure 1. Schematic representation of the metalloporphyrin cage assembly and the mechanical
jail for fullerene.
References
[1] J. M. J. Frochet et. al., Angew.Chem.Int.Ed., 2008,47,58–77
[2] I. Rasovic, Materials Science and Technology, 2017, 33, 777-794.
[3] a) X. Ribas, et. al., Chem. Soc. Rev., 2016, 45, 40-62, b) S. Li, et. Al., J. Porphyrins
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manuscript in preparation.
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CHEMICAL STIMULATION AFFECTS THE DYNAMICS OF SHUTTLING IN A
TWO-STATION MOLECULAR SHUTTLE
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Pérez
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In Nature, most biological motors use either energy derived from ATP hydrolysis or
transmembrane ionic gradients and convert this energy into mechanical work. With this
inspiration, several stimuli-responsible (such as light, pH changes, redox processes, etc.)
molecular shuttles have been described.[1]
Likewise, changes in the concentration of ions are key in processes involving the
(de)polarization of membranes but their effects on the dynamics of molecular shuttles under
physiological conditions are still largely unexplored. Considering that the extent of hydrogen
bonding disruption induced by salts remains controversial, mainly due to limitation of analytical
methods,[2] we have developed a new strategy based on optical tweezers[3] to explore how the
ionic strength affects the out-of-equilibrium dynamics of shuttling under mechanical force for a
single molecular shuttle. Using DNA as a handle and as a single molecule reporter, we can
monitor, in real time, thousands of individual macrocycle shuttling events between stations while
changing the concentration of ions in solution and determined the force-dependent kinetic rates
of the macrocycle motion and the main parameters governing the energy landscape of the
system. These findings provide crucial information for designing molecular machinery able to
operate under physiological conditions.

Figure 1. a) Chemical structure of the molecular shuttle (n=10). b) Experimental setup.
References
[1] E. R. Kay, D. A. Leigh, F. Zerbetto, Angew. Chem. Int. Ed. 2007, 46, 72−191.
[2] A. Gaiduk, G. Galli, J. Phys. Chem. Lett. 2017, 8, 1496−1502.
[3] T. Naranjo, K. M. Lemishko, S. de Lorenzo, A. Somoza, F. Ritort, E. M. Perez, B. Ibarra, Nat.
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ORTHOGONAL REGIOSELECTIVE BIS-FUNCTIONALIZATION OF C60 BY
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Fullerenes are carbon molecules with a spherical-like shape. As such, their
functionalization is not region-controlled and renders mixtures of regioisomers, not amenable for
applications.[1] In this regard, only easily-accessible mono-functionalized fullerenes are used as
electron transport layers in solar cells (SC) devices. Pure regioisomers of poly-adducts are
envisioned as good alternative to achieve boosting the efficiency of SC. For this reason, there is
a great interest in developing new strategies for synthesizing C60 derivates with multiple addends
in a pure regioisomeric way.
Here, we present a strategy using a tetragonal prismatic supramolecular nanocapsule as
a supramolecular mask, [2,3] that directs the Diels-Alder 4+2 cycloaddition reaction on fullerene
C60 towards pure bis-adduct isomers in a tunable fashion. The unprecedented trans-1 bis-adduct
(D2h symmetry) has been obtained in excellent relative yields by using pentacene as the diene of
the reaction, while equatorial bis-adduct (Cs symmetry) has been achieved in a regioisomerically
pure way using anthracene as the diene. These differences in regioselectivity have been studied
using computational tools, such as Molecular Dynamics (MD) simulations and Frontier Molecular
Orbitals (FMO) analysis, to fully understand the behavior of these host-guest complexes.
Moreover, combined Diels-Alder and Bingel cyclopropanation render tris- and hexakis-hetero
adducts as pure isomers.

Diels-Alder reaction
Bis-adducts
Orthogonal regioselectivity by supramolecular
mask-controlled induced fit
e,e-bis-anthracene-C60
(single isomer)

90

trans-1-bis-pentacene-C60
(major product)

180

Figure 1. Schematic representation of both host-guest complexes obtained by means of
orthogonal Diels-Alder functionalization directed by supramolecular-mask strategy.
References
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Mascpoch, M. Costas, X. Ribas, Nat. Commun. 2014, 5, 5557
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BIASING CHIROPTICAL AND EMISSIVE PROPERTIES IN THE
SUPRAMOLECULAR POLYMERIZATION OF CYANO-LUMINOGENS
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π-Conjugated fluorescent molecules are widely used in optoelectronic devices and as sensors.
The applicability of the aforementioned systems can be heightened by a controlled self-assembly
process in which noncovalent forces tune the final morphology and, hence, the potential
functionality. Herein, the synthesis of two pairs of enantiomeric cyano-luminogens 1 and 2 (Fig.
1) [1], in which the central chromophore is a p-phenylene or a dithienylbenzene moiety,
respectively, is carried out and their supramolecular polymerization under kinetic and
thermodynamic control investigated. Compounds 1 and 2 form supramolecular entities by the
formation of quadruple H-bonding arrays between the amide groups and the π-stacking of the
central aromatic surfaces. Moreover, the amide functionalities are susceptible of forming
intramolecular H-bonds yielding a metastable monomer that allows a kinetic control of the
supramolecular polymerization to afford two different aggregated AggI and AggII species. The
dichroic response for both aggregates show the evidence of the formation of helical aggregates,
which are also visualized by AFM imaging. Nevertheless, the dichroic studies show clear changes
in the signal when transitioning from AggI and AggII. In the case of compounds 1, only a
displacement of the signal is observed, but a strong stereomutation takes place when measuring
both species for compounds 2. These changes also affect their emissive properties and, in parallel
form to the dichroic studies, CPL measurements show changes for each aggregate. While the
derivatives 1 show inversion of the CPL signal from one aggregate to the other, monomers 2
present a dissimilar behaviour: AggI2 experiences a clear AIE process and CPL activity, [2] the
thermodynamically controlled AggII2 undergoes an ACQ process regarding AggI2 in which the
CPL activity is cancelled.

Fig. 1. Chemical structures of the described chiral cyano-luminogens (central part) and
schematic representation of the CPL-emitting kinetic and thermodynamically controlled
aggregated structures formed by 1 and 2.
[1] F. Aparicio, S. Cherumukkil, A. Ajayaghosh, L. Sánchez; Langmuir, 2016, 32, 284-289.
[2] Jun Su Kang, Sungwoo Kang, Jong-Min Suh, Soon Mo Park, Dong Ki Yoon, Mi Hee
Lim, Woo Youn Kim, Myungeun Seo; J. Am. Chem. Soc. 2022.
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SUPRAMOLECULAR MONOMERS AND SURFACTANTS
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The design of highly functional materials requires a complex chemical composition. For
this reason, multicomponent system formed by reversible non-covalent interactions is a key
signature of biological matter.1 In some cases, the systems are created by molecules with a similar
chemical structure such as proteasomes, which are protein aggregates (2). However, other more
sophisticate structures require the association between components with high structural diversity
like the cell membrane, which consists of phospholipids, proteins and cholesterol molecules (3).
Their systems’ specific properties emerge from a complex interplay between of all the multiple
interactions.
Along this line, the design of synthetic well-organized multicomponent systems has
attracted increasing interest in the last decade. Despite that this field is still in its infancy, several
examples have already highlighted the potential for applications in medicine, electronics, and
catalysis.
Two of the most common supramolecular units applied in aqueous medium are surfactants
and supramolecular monomers (Figure 1). Herein, I will show how unexpected properties and
effects can be obtained by combining these two chemical units.

Figure 1: Chemical structure and self-assembly properties of the main two components used in
this project.

References
[1] Simons K, Ikonen E (1997). Nature, 1997, 387,569–572.
[2] Li S, et al. J. Am. Chem. Soc., 2018, 140,10794–10802.
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NANOPHOTONICS BIOSENSORS FOR
ULTRASENSITIVE CLINICAL DIAGNOSTICS AT THE
POINT-OF-NEED
Laura M. Lechuga
Nanobiosensors and Bioanalytical Applications Group, Catalan Institute of Nanoscience and
Nanotechnology (ICN2), CSIC, BIST. Campus UAB, Bellaterra, 08193 Barcelona, Spain
Laura.lechuga@icn2.cat
Keywords: Photonic Biosensors, biofunctionalization, Point-of-care diagnostics, COVID-19

COVID-19 pandemics has evidenced the urgent need for having reliable and portable
diagnostic tools, able to deliver rapid testing and screening of the population while providing
sensitivity and specificity levels comparable to laboratory techniques. Biosensor technology is
the most suitable one to tackle the challenging goal of offering fast and user-friendly diagnostics
tests than can be employed at the point-of-need. In particular, photonic biosensors can provide
sensitive, reliable and selective analysis, while reducing the time-to-result, decreasing and/or
eliminating sample transport, and using low sample volume. And, more importantly, photonic
biosensor technology can provide quantification, for example, of the SARS-CoV-2 viral load.
Our group have demonstrated cutting-edge nanophotonic biosensor point-of-care (PoC)
devices (as the Bimodal Waveguide Interferometer) that enables ultrasensitive analysis of body
fluids in few minutes and in decentralized settings. We have demonstrated sensitivities at
the fM-aM level for clinical biomarkers diagnostics, as for example the direct specific
miRNA detection in urine and the whole pathogen detection directly in human samples [1].
During the pandemic, we have been working in the EU project CoNVat, one of the first
diagnostics projects funded by the H2020 EU program to fight against COVID-19 [2]. Our
biosensor technology can provide a rapid immunoassay detection (less than 20 minutes) of
whole units of SARS-CoV-2 without the need of PCR or other time-consuming treatments with
an outstanding sensitivity of around 100 FFU/mL in a single-step immunoassay. In addition,
we have developed a quantitative serological biosensor with exceptional limits of detection,
demonstrating a sensitivity of 99% and specificity of 100%, outperforming available techniques
like immunoassays or rapid tests [3].

References
[1] G. Ruiz-Vega, M. Soler and L.M. Lechuga. J. Phys. Phot. 2021 3 (1) 011002
[2] M. Soler, MC Estevez, M Cardenosa-Rubio, A Astua, and L.M. Lechuga. ACS sensors 2020
5 (9), 2663-2678
[3] O. Calvo-Lozano, L.M. Lechuga et al. Anal. Chem. 2022 (in press)
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DESIGN OF PHOSPHORUS CONTAINING MONOMERS AND POLYMERS IN
PROMOTING ADHESION OF TOOTH-COLOURED RESTORATIVES IN
DENTISTRY
Sanjukta Deb
Faculty of Dentistry, Oral & Craniofacial Sciences
King’s College London, London, UK
e-mail: Sanjukta.deb@kcl.ac.uk
Keywords: Phosphorus containing polymers, dental restoration, Adhesion of tooth-coloured
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Tooth decay is one of the most prevalent non-infectious diseases that affects the global
population. Current treatments can range from restoration of the cavity using biomaterials to
surgical excision of the necrotic tooth. According to the World Health Organisation (WHO) this
poses a major global health burden especially due to its effect on general health and well-being,
as well as being associated both directly and indirectly with other systemic and or chronic
conditions.
A significant proportion of currently utilized procedures in clinical dentistry for restoration of
diseased or damaged teeth depend on the close interaction of polymeric materials with dental
tissues. Resin-composite biomaterials are commonly used via adhesive bonding that have
revolutionized oral care by enabling minimally invasive procedures for greater preservation of
tooth structure whilst providing excellent aesthetics. However due to the differences in
composition and structure of enamel and dentine, the demineralization and subsequent bonding
process to enamel is more predictable, however the lower mineral content and the moist collagen
network in dentine continues to pose clinical challenges.
Ever since the initial development of new techniques using polymers in dental restoration,
phosphorus-containing polymers have been widely explored, especially in adhesion of polymeric
matrixes with the tooth tissue. The most often used compounds are phosphoric acid esters,
phosphonic esters, or phosphonic acids. Phosphoric acid esters decalcify the mineral component
(hydroxyapatite) and form different complexes with calcium ions and simultaneously enable
chemical bonding. As a result, both demineralization and chemisorption tend to lead to better
adhesion than that obtained with carboxylic acid groups. Current bonding systems include selfetching systems via acidic functional monomers, which reduce the number of clinical steps and
technique sensitivity. However, the resin-dentine interface is prone to degradation because of
disruption of the hybrid layer mainly due to hydrolytic or enzymatic activity. Another frequent
reason of failure of the tooth-resin interface, is microbial contamination.
This presentation will reflect on a novel two-step self-etching system with bis[2-(methacryloyloxy)
ethyl] phosphate (BMEP) as the acidic functional monomer present either in the primers only or
additionally at a low concentration in the adhesive in comparison to a commercial reference,
containing the functional monomer 10-methacryloyloxydecyl dihydrogen phosphate (10-MDP).
Furthermore, to inhibit microbial contamination a methacrylate derivative of eugenol was used to
develop an adhesive for use in conjunction with the self-etch system. The results of the in vitro
tests showed that the system not only inhibited surface contamination by common oral
microorganisms but also improved physical properties. These experimental systems were found
to have the potential to preserve the resin-tooth interface and limit microbial contamination.
References
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The recent cutting-edge advances on nanomaterials is anticipated to overcome some of
the therapeutic window and clinical applicability of many drug/peptide molecules and can also act
as innovative theranostic platforms and tool for the clinic in the future [1-4].
In the last decade, research on cancer and cardiovascular diseases resulted in a new set
of potential treatments with promising results in the clinics [5-9]. Amongst the different
experimental treatments, active cancer immunotherapy and targeted to the injured heart hold
great promise for the future treatment of these diseases. In this work, prominent nanosystems,
such as biohybrid nanocomposites made of different nanoparticles (porous silicon and oncolytic
virus) and cancer cell-based membrane materials are presented and discussed as potential
platforms for the individualization of medical intervention and biomedical applications.
Examples on how these biohybrid nanomaterials can be prepared and scaled-up, as well
as how they can be used to enhance the drug’s targetability, intracellular drug delivery for both
cancer chemo- and immune-therapy applications as well as other applications, will be highlighted
and discussed.
Overall, our results suggest that biohybrid nanomaterials are a versatile and advanced
platform for treatment of different diseases with an interesting potential for present and future
clinical impact given its easy tailorability to each patient.
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This work focuses on the development of an electrochemiluminescent nanostructured DNA
biosensor, based on the use of Carbon nanodots (CDs) and gold nanomaterials (AuNMs), for
SARS-CoV-2 detection (see Scheme 1). Both nanomaterials, have been synthetized and
characterized by different techniques such as TEM, AFM, SEM among others. Gold
nanomaterials (AuNMs), specifically, a mixture of gold nanotriangles (AuNTs) and gold
nanoparticles (AuNPs), are used to modified disposable electrodes that serve as an improved
nanostructured electrochemiluminescent platform for DNA detection [1]. Carbon nanodots (CDs),
prepared by green chemistry, are used as coreactants agents in the [Ru(bpy)3]2+ anodic
electrochemiluminescence (ECL) and the hybridization is detected by changes in the ECL signal
of [Ru(bpy)3]2+/CDs in combination with AuNMs nanostructures. The biosensor is shown to detect
a DNA sequence corresponding to SARS-CoV-2 with a detection limit of 514 aM
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Dendrimers and dendrons, a category of polymer nanoparticles, show unique features for
creating sensing tools in health. These globular molecules made out of branched layers can be
engineered to have various functional groups on their outer surface rendering intelligent materials
applied to drug transport, monitoring the organ state, and biosensors [1]. Several authors have
exploited their capability to generate multi-attaching sites on surfaces, such as gold, glass, and
plastics such as PDMS or PMMA [2]. Other uses are the control of surface wettability, probe
spacing, or bioreactivity modulation.
This study reports novel DNA immobilization strategies, mediated by dendrimeric
molecules, for developing a forest-array biosensor. Hence, the improved attachment DNA probes
enabled selective hybridization of target regions onto chip substrates such as polycarbonate and
cycloolefin polymer [3]. The studied reactions included clean click-chemistry (thiol-yne reaction),
surface photo-activation, and coupling based on carbodiimide reaction. Array performance was
better than surfaces functionalized with linear crosslinkers, such as vinyltriethoxysilane or 3(triethoxysilyl)propyl isocyanate, or other dendrimer approaches. Our DNA chips exhibited
prominent advantages for the fabrication of microchip-based analysis systems, including high
automation, short assay time, and low reagent consumption.
The methodology allowed us the accurate discrimination of single-point mutations in the
human genome. The assay combines a blocked isothermal amplification and a later hybridization
in dendrimer/dendron-mediated arrays of allele-specific probes. V600E (BRAF oncogene) and
H1047R (PIK3CA oncogene) mutations were identified in clinical samples from human cancer
tissues, being the results consistent with sequencing techniques. Experiments demonstrated that
DNA-dendrimer hybrids could contribute to a new generation of biomedical devices supporting
biomarker-guided therapies.

Acknowledgements: MINECO Project PID2019-110713RB-I00, GVA PROMETEO/2020/094
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Cyclometalated Ir(III) complexes have emerged as promising photosensitizers for cancer
photodynamic therapy (PDT) due to their ability to generate reactive oxygen species under light
irradiation. However, the phototherapeutic window in which they act has limitations, due to low
tissue penetration and high inherent dark cytotoxicity. For this reason, the combination of this type
of complex together with organic-type compounds capable of absorbing at longer wavelengths is
opening a door for the treatment of cancer.[1] Phthalocyanines (Pcs) come into play.
They have high absorption in the near-IR region and a high singlet oxygen producing ability for
the destruction of superficial and deep-seated tumors, for which there are several examples at
various phases of clinical trials.[2]
Here, we will present the synthesis and characterization of a new ZnPc linked to a cyclometalated
iridium(III) complex and the results of this kind of photosensitizer for PDT.[3]

Figure 1. ZnPc-IrIII complex.
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Carbon Nanodots (CNDs) are quasi-spherical particles (<10 nm), made of carbon, nitrogen and
oxygen, owning excellent luminescence properties, water solubility, high biocompatibility and
tunable surfaces available for post-synthetic bio-conjugations. Hence, they are very promising
multifunctional platforms for different biological applications.[1] Here, we employed fast
microwave-assisted hydrothermal reactions to generate luminescent and stable CNDs doped with
gadolinium(III) (Gd-CNDs)[2] as multimodal probes for MRI (Figure A). We combined different
purification methods to achieve an homogeneous population of ca. 7-9 nm particles doped with
6% (w/w) of Gd(III) (Figure B) and displaying excitation-depending emission behaviour, which is
a well-known feature for CNDs (Figure C).[3] XPS studies show gadolinium with a III oxidation
state and involved in different types of Gd-O bonds, suggesting that the metal is in more than one
coordination environment. Importantly, Gd-CNDs present stable (measured up to 7 days)
longitudinal relaxivity (r1 ca. 4-6 mM−1 s−1, Figure D), similarly to several commercial contrast
agents and IC50 cytotoxicity over 300 μg/mL in all tested cell lines. Confocal microscopy, ICP-MS
analysis and T1-weighted images on cell pellets confirm cellular permeability of the material.
Finally, preliminary MRI recording T1-weighted images on mice after intravenous injection of our
CNDs, showed clear enhancement of the signal in liver, spleen, and kidney 30 min post-injection
(Figure E).
Figure
A) Synthetic scheme of GdCNDs; B) representative
TEM image (scale bar 50
nm); C) different emission
profiles of Gd-CNDs upon
excitation
at
different
wavelengths (in the legend);
D)
r1
relaxivity
measurements; E) in vivo
T1 mapping images of
mouse liver (LV) and kidney
(RKD) in time, upon
intravenous injection of GdCNDs.
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Amyotrophic Lateral Sclerosis (ALS) is a lethal neurodegenerative disease characterized by a
progressive loss of motor neurons, that yields muscle tone waste leading to paralysis. Currently,
drug development is hampered due to the heterogeneity of the disease and the lack of knowledge
of the mechanism triggering selective motor neuron death. TDP-43 is the main affected protein in
ALS. Physiologically, TDP-43 is located at the nucleus, and in ALS, it is found aggregated in the
cytoplasm. [1].
Molecular profiling is an innovative and powerful technology for unravelling complex molecular
pathways that underlie physiological and pathological processes. Quantum dots (QDs) are
luminescent nanoparticles with a high potential to become promising tools to detect molecular
mechanisms at the subcellular level enabling multiplexing applications.[2] Therefore, their use to
detect the modulation of pathomolecular pathways in ALS after drug treatment could reveal further
insights in the potential impact of novel drug candidates.[3]
After studying QD penetration properties in lymphoblasts derived from patients, we determined
that the nuclear penetration of antibody-conjugated QDs can be controlled [4] and thus an efficient
manner to target ALS pathologic TDP-43 has been developed. This enables an automated rapid
analysis of TDP-43 and its relation to other ALS key targets by immunofluorescence and the
possibility of quantification by flow cytometry. Here we implement this methodology and study
ALS pathology in this model derived from patients and its modulation upon drug treatment, as an
approach towards personalized medicine in ALS starting from patient derived models.

Models from ALS patients

TDP43 / pTDP43 / Tubulin

TDP43

pTDP43

Figure 1. QDs multiplexing in lymphoblast from ALS patients targeting TDP-43.
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Today bone tissue pathologies, such as osteoporosis, osteoarthritis and rheumatoid arthritis
represent important health problems with considerable socio-economic burden, linked to the
general population aging [1]. These musculo-skeletal disorders are characterized by a clinical
condition of inflammation. For all these pathologies the available therapeutic strategies are still
unsatisfactory, namely because of the associated side effects. Sodium diclofenac (DF) is a nonsteroidal anti-inflammatory drug (NSAID) with analgesic, anti-inflammatory and anti-pyretic
activities, exerting its activity by competitively blocking cyclooxygenases-2 (COX-2) enzymatic
activity responsible for the synthesis of inflammatory mediators, e.g., prostaglandin E2 (PGE2) [2].
As all the NSAIDs, DF has adverse systemic side effects, such as gastrointestinal ulceration and
bleeding, hepato-renal dysfunction, disorders in the cardiovascular and central nervous systems,
and skin reactions [3]. Local delivery of this drug via luminescent nanoparticles (NPs) would offer
a method of bypassing these inconveniences, while allowing their localization by luminescence
emission. In this context, apatite (Ap) NPs, which consist of calcium phosphate and closely mimic
bone apatite nanocrystals both from chemical and structural points of view, when doping with a
lanthanide ion (Eu3+, Tb3+,..) become luminescent, thus being particularly suited for therapeutic
and diagnostic applications. In this work [4] we explored the loading/release ability of diclofenac
in both undoped Ap and luminescent (Tb3+)-doped citrate-coated carbonated apatite (Tb3+:Ap)
NPs at different temperatures (25, 37, 40 ºC) and pHs (7.4, 5.2). Adsorption isotherms fitted the
Langmuir-Freundlich model. The maximum adsorbed amounts at 37 ºC were higher than at 25
ºC, and particularly when using Tb3+:Ap NPs. DF-release efficiencies were higher at pH 5.2, a
condition simulating a local inflammation. The luminescence properties of DF-loaded Tb3+:Ap NPs
were affected by pH, being the relative luminescence intensity higher at pH 5.2, but not influenced
either by the temperature or by the DF-loaded amount. Both Ap and Tb3+:Ap NPs were
cytocompatible on two osteosarcoma cell lines and primary human osteoblasts. In addition, DF
release increased COX-2 mRNA expression and decreased PGE2 production in an in vitro
osteoblast’s cytokine–induced inflammation model. These findings evidence the potential of these
NPs for osteo-localized delivery of NSAIDs and the possibility to localize the inflammation by
changes in luminescence.
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DNA nanotechnology is a unique synthetic tool for the reproducible preparation of
biodegradable and tailored nanostructures. The fabrication process is programmable and robust
as it relies on the accurate specificity of the Watson-Crick base-pairing interactions. Remarkably,
the dimensions and functionalities of these DNA-based constructs can be customized and
precisely controlled at the nanoscale level, which is key for some biomedical applications. We
have exploited these unique characteristics to obtain tailored DNA-based nanocarriers (DNCs)
for bioimaging[1,2,3] and for controlled release purposes. [4,5]
Regarding bioimaging, we have used DNA tiles-assembly to prepare DNCs functionalised
with contrast agents (CA) for photoacoustics (PA) tomography. Our DNCs presented good optical
properties, adequate structural biostability and cell compatibility. Through in vivo studies, we have
shown that such DNCs present retarded clearance rate and enhanced PA signal generation at
tumour site when compared to the free CA.[3] We are currently exploring the capabilities of these
DNCs for the loading and delivery of some anticancer drugs.
On the other hand, we have designed DNA-based constructs with a triskelion shape
capable of efficiently coat liposomes inspired by the arrangement of the protein clathrin.
Interestingly, we have modified the mechanical stability of the liposomes and control the
disassembly of the DNA coat through a toehold-mediated displacement reaction.[4] This assembly
approach enables stimuli-responsive hybrid nanocarriers for drug-delivery purposes and in this
regard, we have recently proven the controlled release of molecules, including an anticancer
drug.[5]
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Most drugs administered for treatment of different diseases have to be internalized by
cells. Improving drug release inside the cytosol of the cells is one of the key challenges in the
design of drug delivery nanocarriers. Exploiting the natural biological membranes of living cells
has been proven to be a successful strategy to overcome the maior limitations of synthetic
nanocarriers.[1] Designing the nanostructures by replicating the natural (bio)-physical properties
and highly complex functionalities of the cell surface provides delivery nanocarriers with effective
biointerfacing, preserving the key functionalities of the origin cells.[2] In addition, other bioinspired
nanocarriers mimic signals for cell-to-cell communications or mechanical surface properties that
play important roles for cargo delivery via fusion mechanisms. To this end, other biomimetic
nanostructures such as virus-mimicking nanosystems inspired by the infection mechanisms of
some virus, used their viral envelope fusion proteins to achieve cargo intracellular delivery.[3]
In this work, cancer cells were used to obtain biomimetic cell-derived nanocarriers
(named cellsomes, CSMs) with the aim of exploiting natural cell membrane features to enhanced
specific targeting efficacy and improve immune evading capability.[4] Surface engineering of
CSMs was studied to achieve the intracellular delivery of different cargoes. The lipidic composition
of CSMs was modified by integrating an optimal combination of cationic and dye-labeled neutral
lipids (DOTAP and DOPE-Atto) to obtain fusogenic CSMs (FCSMs). The new lipidic design of
FCSMs have shown the ability of direct fusion between the phospholipidic structure of the
nanocarrier and the cell membrane, avoiding the endocytosis pathway and lysosomal entrapping
of the cargo.[5] FCSMs were efficiently loaded with manifold types of cargo, from small
hydrophobic molecules such the bisbenzimide compound Hoechst H 33258 (HOE) to large
molecular mass macromolecules such dye-labeled phalloidin, dextran polymers or polystyrene
beads. The fusogenic properties of FCSMs and the intracellular delivery of encapsulated cargoes
were demonstrated by confocal microscopy studies. This technology could represent a powerful
tool for fast cytoplasmatic delivery of sensitive drugs, especially proteins and nucleic acids,
enabling of designing a new generation of carriers for nanovaccines.
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Cancer Stem Cells (CSC) are a small cell subpopulation within the tumour, with high
tumorigenic potential and the ability to self-renew. They are associated with the acquisition of
drug resistance and the development of early, aggressive metastasic relapses. In breast cancer,
major CSC markers are CD44+/CD24- phenotype and high aldehyde deshydrogenase 1
(ALDH1).
Chronic inflammation has long been linked to carcinogenesis [1] and play a key role in
the different stages of tumour development. Non-steroidal anti-inflammatory drugs (NSAIDs),
and in particular naproxen (NAP), have shown to be effective in the treatment of breast cancer
[2]. NAP anti-cancer properties have been attributed to the reduction of prostaglandin E2 levels
(the major product of the activation cascade of both cyclooxygenase isoforms (COX1/COX2)) and
COX-independent pathways, being both mechanisms associated to CSC maintenance. However,
repeated-administration and efficacy of free forms of NAP are hampered by the drug's high
hydrophobicity and dose and time-dependent gastrointestinal side effects.
The aim of this work is the development of NAP-based polymeric nanoparticles (NP) with
higher activity and lower side effects than the free NAP. NP were coated with hyaluronic acid (HA)
in order to actively target CD44 receptors, overexpressed in breast CSC.
NAP-based cationic NP [3] were successfully coated by HA that provided superior pH
stability, a better control on esterase-mediated NAP release and a better haemocompatibility,
than uncoated-NAP NPs. HA-coated NPs are better and faster internalised in CSC than in nonCSC as a direct consequence of the CD44 targeting. This feature coupled to the anti-inflammatory
activity from NAP makes HA-coating of poly(HNAP-co-VI)(79:21)-based NPs a potent strategy for
targeting CSC subpopulation within breast tumors by either directly attacking CSC or preventing
their occurrence derived in response to a pro-inflammatory state. The system also allowed to
reduce the dose of NAP needed to achieve pro-apoptotic and anti-migratory activity against
luminal breast cancer cells.
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Porphyrins are robust organic compounds bearing interesting photophysical properties
such as attractive absorption and emission spectra[1]. Thus, porphyrins and their derivates have
been utilized for a variety of biomedical applications, including diagnosis (e.g., fluorescence or
magnetic resonance imaging[2]) and therapeutic uses through photodynamic or sonodynamic
effects[3]. The FDA approval of the porphyrin-based drugs Verteporfin and Protoporphyrin IX[4]
has highlighted the immense potential of porphyrins; however, most porphyrin-based compounds
suffer from low solubility and display strong aggregation, which significantly reduces any
theragnostic potential.
We have synthesized and characterized multiple polypeptide-porphyrin conjugates that
display high water solubility at low peptide ratios and attractive absorption and emission profiles.
Polypeptide-porphyrin conjugates also display inherent biocompatibility and biodegradability, and
their multifunctionality will support additional drug conjugation to allow the development of
multifunctional and synergetic treatments utilizing photodynamic therapy, conventional small drug
therapy, and diagnostics. Overall, our polypeptide-porphyrin conjugate platform supports a “three
birds with one stone” approach to the management of a wide range of applicable diseases and
disorders.
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Polyoxometalates (POMs) are electrochromic materials described as molecular fragments
of metal oxides with the general formula [XxMmOy]n- (where M = Mo, W, V, etc. and X = P, Si, As,
etc.). POMs can accept electrons by chemical or photochemical processes yielding coloured
mixed-valence species. Living organisms and some interesting biomolecules can act as electron
donors to POMs, so that the chromic properties of POM can be directly related to a certain
biological activity or the presence of a specific biomolecule. Based on this idea, we have designed
several low-cost and easy-to-use sensors for four different biomedical applications.
1. Evaluation of the effect of drugs on the microbiota. We have evaluated the effects of
omeprazole and vancomycin against the viability of the probiotic L. fermentum by correlating its
metabolic strength with its reducing ability. The blue colour of the synthetic PMO
(Na6[P2MoVI18O62]) was obtained only in samples where the metabolic activity was not damaged,
that is in samples treated with omeprazole. This test may be a good way of detecting bacterial
activity.[1]
2. Diagnosis of bacterial vaginosis (BV). In BV, the typical vaginal flora consisting of
lactobacillus bacteria, which secrete lactic acid into the media, are altered by the growth of
pathogenic anaerobic bacteria, which secrete acetic acid as the most abundant metabolite. In a
sample containing lactic acid, PMA (H3[P(Mo3O10)4]·xH2O), changes from yellow to blue when
reduced in the presence of UV light. Thus, a more intense blue colour means a higher
concentration of lactic acid and a healthier sample. This test is highly accurate and precise, it
provides a rapid diagnosis of the infection and can also be used to monitor treatment efficiency.[2]
3. Monitorization of UV radiation dose. PMA-lactic acid reaction have been used to
design a wristband for naked-eye monitoring UV radiation dose. All types of UV radiation (UVA,
UVB and UVC), even at low doses typically encountered during solar exposure, can be detected
and the sensor can be personalized to all skin types.[3]
4. Detection of ethanol in sweat and saliva. Using the ability of ethanol to reduce PTA
(H3[P(W3O10)4]·xH2O) under UV light radiation, we have designed a reusable device to detect and
quantify the amount of ethanol in sweat and saliva. The integration of digital image analysis and
mobile camera technology on this allows its potential use in vehicles as a convenient alcohol
sensor for drivers.[4]
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Nanoparticles (NPs) in the size range of 1–100 nanometres (nm) present particular physical-chemical
properties compared to bulk material and due to their nanoscale size, they are prone to engaging with
the cell machinery in ways that differ from soluble biomolecules, making them specifically suited for
developing targeted and predefined functions.[1–3] Among the most relevant features of manufactured
nano vectors appear the capability to co-delivery antigens, adjuvants and immunomodulators grafter
or encapsulated serving as new vaccine formulations. It is nowadays accepted that nanoparticle shape
is a critical parameter in defining recognition by cell membrane receptors of nanoparticle-biomolecule
complexes, therefore understanding of the effect of shape in biological recognition and immune
modulation appears paramount.[4,5]
Here it is shown a nanoscale shape discovery approach to rationally investigate the identity of
anisotropic nanoparticles for evaluation of their biological behavior. By taking advantage of the
reproducibility and tunability of microfluidic syntheses, computational shape analysis, and iterative
feedback from biological responses in vitro and in vivo, we show that shape biology can be explored
within accepted scientific and biomedical research paradigms. Early applications identify significant
forms of shape-induced biological and adjuvant-like immunological control. It is therefore presented
the capabilities of AuNPs with different shape to induce antibody responses in vivo. Spherical and
branched AuNPs were repeatedly inoculated subcutaneously to CD rats. The levels of
Immunoglobulins G and M (IgG and IgM) were analyzed by Enzyme-Linked Immunosorbent assay
(ELISA) and the B cell receptor (BCR) V(D)J rearrangements were assessed by Ig-Sequencing of the
BCR transcripts from different lymphoid tissues. A specific branched AuNPs regime, showed increased
levels of circulating immunoglobulins (Igs) and autoantibodies, and the B cell receptor (BCR) repertoire
appeared biased upon such treatment. These findings represent a step forward in the development of
NP-based vaccines towards motifs on the surface (e.g., tumor antigens) of such NPs.

Figure 1. Gold NP shape ensemble distributions by quantitative computational analysis and
connection to specific immunological outcomes. Electron microscope images are captured of
induvial particles and PCA is used to define the multiple particle regime based on NP features (i.e.,
number of tips, length, bumps, etc.). Shapes are then segregated in a two (or three) dimensional space
in a particle-by-particle basis, informative of the polydispersity (A). For in vivo immunological studies,
a range of typically defined shapes as spheres, short- and long-tip stars (pink, blue and orange
respectively) are characterized by digitalization and the centers of gravity of each distribution is
represented (thick contour dots for in vivo GNPA/B/C) (B). Determination of the levels of anti-C1q
autoantibodies in NP treated rats (C).
1.
2.
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4.
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Cancer cells display a different chemical environment than healthy cells which can be
exploited by heterogeneous catalysis for producing key reactions to selectively induce cancer cell
apoptosis[1]. Among all the species present in cancer cell, targeting glutathione (GSH) through its
aerobic oxidation is one of the most utilized catalytic processes for nanocatalytic therapy. GSH is
the major antioxidant molecule in animal cells and it is overexpressed by tumors, which are
particularly sensitized to GSH deprivation[2]. However, nanostructured catalysts are not inert
agents limited to purely heterogeneous catalytic processes, and are susceptible to
transformations within the tumor microenvironment. In this work, we have explored the influence
of GSH in a copper-iron based catalytic nanoplatform developed for cancer therapy. GSH is able
to selectively promote Cu leaching while leaving a Fe-enriched nanoparticle, both with different
catalytic properties. After its release, Cu2+ efficiently catalyzes the aerobic oxidation of GSH
through the formation of a coordination complex between Cu2+ and GSH. In this homogeneous
cycle, O2 is required to act as an electron acceptor to form ·O2- species. To finally demonstrate
the in vitro catalytic properties of CuFe2O4 we evaluate their cytotoxicity in numerous cell lines,
including four tumoral (HeLa, U87, U251-MG and SKOV) and two healthy (hpMSC and
Fibroblasts) with a remarkable selectivity towards cancerous lines. The major GSH concentration
of tumor cells triggers the catalytic process summarized in Figure 1, which is directly related to
the enhanced cytotoxicity of CuFe2O4.

Figure 1. Coupling between homogeneous and heterogeneous catalysis within the tumor
microenvironment to promote selective cancer cell death.
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DECORATING GOLD NANOPARTICLES SURFACE WITH THIN
NANOGELS: A NOVEL STABILIZATION STRATEGY FOR INORGANIC
NANOPARTICLES IN NANOMEDICINE
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Gold nanoparticles (AuNPs) have gained enormous interest during the last few decades in
different fields, including biomedical applications. They possess interesting properties like
localized surface plasmon resonance (LSPR) and exhibit optical responses to irradiation with light
through visible or near-infrared (NIR) wavelengths. In addition, they display biocompatible profile,
chemical stability and tuneable optical properties that could be controlled by the nanoparticle size
and shape.[1] Anisotropy morphologies, like gold nanorods or nanostars, absorb in the NIR region,
enabling their in-vivo use in photothermal therapy (PTT) against cancer.[2] As example, AuNPs
with auroshells structure have been successfully used to eradicate prostate tumours in 15 patients
in clinical studies.[3] One of the main hurdles for the clinical development of AuNPs is their lack of
stability in biological fluids. The uncontrolled formation of a biointerface on their surface could
decrease their therapeutic properties, residence time and targeting abilities. This issue highlights
the requirement to develop synthetic methodologies to yield AuNPs with very robust and tuneable
surfaces, yet keeping their advantageous properties. Herein, we have developed a methodology
based on the synthesis of single protein nanogels,[4] that allows to cover gold nanospheres,
nanorods and nanostars with a thin polymeric mantle, increasing their total diameter in just 2 – 6
nm (Figure 1A), while keeping the original shape of the NPs. A thorough examination of the
materials with different chemical compositions has revealed different interactions between them
and stomach mucin by rheology. As it can be observed in Figure 1B, AuNPs-based nanogels
formed by a zwitterionic polymer (p-DMAPS) show enhanced interaction with mucin than a more
hydrophobic one (poly(vinylimidazole)), as the elastic modulus (G´) is higher than the viscous
modulus (G´´). Besides, we have corroborated that vinylimidazole-based nanogels considerably
increase the stability of gold nanoparticles in physiological conditions. These results pave the way
toward more stable and reliable AuNPs, particularly as promising theranostic tools in
nanomedicine.
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Figure 1. (A) Scheme and TEM pictures of gold nanospheres, rods and stars covered with thin
nanogels. (B) Rheology measurements of mucin as control and gold-based nanogels with
vinylimidazole and DMAPS used as respective polymers.
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Exogenous and endogenous heat generation inside cells is a subject of intense debate in recent
times. Most of the thermometric systems proposed for intracellular thermometry are noncontact
luminescent nanothermometer (LNT) capable of acquiring local temperatures with spatial and
temporal resolution at the nanoscale. LNT must operate at the physiological temperature range
and show an outstanding thermometric performance response. Nevertheless, the main and most
difficult requirement that LNT has to meet for intracellular mapping is the stability in the
intracellular environment. Accurate and noninvasive monitoring of subcellular temperature
changes in individual cells might help to clarify intricate cellular processes and led to development
of novel diagnostic and therapeutic technologies. For example, Magnetic induction heating of
nanoparticles can be a powerful non-invasive technique for hyperthermia therapy of cancer.[1]
However, controversy has been established between those who theoretically predict that it is not
physically possible to achieve substantial temperature increments between the heat source and
those who measured temperature gradients. The capacity and efficiency of such local heating
systems should require of an adequate local temperature control of magnetic nanoheaters
(MNHs). Therefore, single nanoparticles integrating both functions, magnetic heating and
luminescent thermometry (MNH-LT), should be the best option. [2]
Here, we present a system for intracellular mapping and able of measuring local
temperature gradients in intracellular magnetic hyperthermia using a ratiometric luminescent
thermometer based on Lanthanide complexes (Ln= Sm3+/Eu3+). The Eu3+ and Sm3+-based
complexes can covalently bonded on amphiphilic block copolymers (ABCP). The adequate
selection of the lanthanide complexes combined with the protection provided by the polymer
coating have made it possible to obtain new MNH-LNT and polymeric Ln doped Nanoparticles
that are robust measurement systems that retain their thermometric properties inside the
intracellular environment. Making use of these luminescent probes, we have been able to record
two-dimensional (2D) thermal images showing subcellular gradients of ~5 degrees between the
nucleolus and the rest of the cell [3] and measuring temperature increases of around 11°C at the
MNH surface without any appreciable temperature increase in the cell membrane during the
application of intracellular magnetic hyperthermia.
This work was supported by the Spanish Ministry of Science Innovation and Universities
[Grant No: PGC2018_095795_B_I00] and Diputación General de Aragón [E11/17R]. The support
of the European Union's Horizon 2020 FET Open program under grant agreements No. 801305
(NanoTBTech) and 829162 (Hotzymes) is also acknowledged.
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Magnetic nanoparticles (MNP) have attracted
attention in cancer research for their multiple
applications. For instance, they can be used as
therapeutics through hyperthermia if an alternating
magnetic field is applied, also as nanocarriers of
therapeutics to control their release, and, what is
more, to modulate the immune system against
tumoral cells[1,2].
In this regard, we produced MNP that were
further modified with drugs (e.g., gemcitabine) and
oligonucleotides (e.g., miRNAs) employing linkers
containing disulfide bonds which are prone to rapid
cleavage in tumor tissues and immune cells (e.g.,
dendritic cells, macrophages). The MNP were fully
characterized (e.g., DLS, TEM) and their biosafety
profile was studied in terms of hemolysis and protein
corona formation. On the one hand, their efficacy as
chemotherapeutic agents and in combination with
magnetic hyperthermia was assessed in pancreatic
cancer cell lines (e.g., PANC-1) (Fig. 1A). Moreover,
their immunomodulatory properties were evaluated
in macrophages through the expression of
Fig.1.- A. Cytotoxic effect of modified MNP in
costimulatory
markers
(e.g.
CD80)
and
combination with magnetic hyperthermia in
proinflammatory cytokines release (e.g., TNF-α)
PANC-1 cells. B. Immunomodulatory properties
(Fig.1B), with remarkable results. In summary, we
of modified MNP in macrophages.
thoroughly explored the potential of MNP for cancer
treatment using multidisciplinary approaches, which are required to pave the way for their
translation to the clinic.
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Antimicrobial resistance is the cause of an estimate of five million deaths worldwide, and
along with its economic cost and the lack of new antibiotics in the pipeline is an increasing threat
for current society. [1] The well-known impermeability of Gram-negative bacterial species is a
major barrier for successful treatment and novel drug design.[2] Inclusion of therapeutic agents
within nanostructure materials for their release is known as the ‘Trojan horse’ approach. Such
nanomaterials have been proven to overcome different bacteria resistance mechanism through
surface chemical and/or physical modification. Silica nanoparticles (SiO2) have been highlighted
as promising nanomaterials for drug delivery and tracking due to their chemical stability,
biocompatibility and tuneability regarding nanoparticle size, surface chemistry and porosity. [3]
In this work we explore the design of a novel hybrid nanoparticles with therapeutic and
tracking abilities (Figure 1) through simultaneous encapsulation of an antibiotic (Vancomycin) and
a luminescent agent ([Ru(phen)3]2+). Vancomycin is an FDA approved antibiotic, active only
against gram-positive due the impermeability of gram-negative bacteria membrane to big
glycopeptides. The ruthenium complex [Ru(phen)3]2+, where phen is 1,10-phenantronile, is a
popular luminescent agent with photostable red-luminescence upon excitation in the visible range
with long lifetimes. Moreover, [Ru(phen)3]2+ and other metal complexes have been previously
included in SiO2 to visualize the particles in tissues[4] and in flows[5]. We examined the
development of hybrid SiO2 using surface covalent modification with ligand groups that will enable
the penetration of designed SiO2 into Gram-negative bacteria cells.

Figure 1. Scheme of designed coated hybrid silica nanoparticles
In-vivo experiments revealed the antibacterial activity of the designed nanoparticles.
Confocal microscopy showed nanoparticle cell uptake in S. aureus and E. coli, overcoming the
double membrane structure of Gram-negative representative (E. coli), and hence, allowing the
treatment of E. coli with an impermeable antibiotic that otherwise can’t enter Gram-negative cells.
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Graphene and other 2D materials are almost exclusively based on inorganic lattices. Except for
the chemical functionalization of the surface of the 2D material, molecules have been scarcely
considered in this area. Here I will illustrate the role of functional molecules in this area by
selecting some relevant examples:
1) Molecular 2D magnets. I will focus on the design of molecular 2D magnets that, in contrast to
what happens with the inorganic 2D magnets, are chemically stable in open air, keeping their
magnetic properties preserved upon functionalizing their surface with different organic
molecules.[1, 2]
2) Smart molecular/2D heterostructures. I propose to create hybrid heterostructures by interfacing
stimuli-responsive molecular systems with graphene and semiconducting transition metal
dichalcogenides (MoS2 and WSe2). The aim is that of tuning the properties of the “all surface” 2D
material via an active control of the hybrid interface. This concept will provide an entire new class
of smart molecular/2D heterostructures, which may be at the origin of a novel generation of hybrid
materials and devices of direct application in highly topical fields like electronics, spintronics and
straintronics. As smart-molecular systems I will choose spin-crossover molecules able to switch
between two spin states upon the application of an external stimulus (temperature, light, or
pressure).[3] This spin transition is always accompanied by a significant change of volume in the
material (by ca. 10%), so it can generate strain over the 2D material, thus tuning its electronic and
optical properties.[4,5]
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The family of carbon nanostructures is diverse in size, morphology, properties, and, of
course, reactivity. They have attracted great interest especially in additive manufacturing, and,
more generally, in composites whereby new interesting properties emerge from their presence.
However, which member of the family is the best fit for function is a question that finds different
answers depending on applications. Remarkable differences are found when carbon nanotubes
(CNTs), few-layered graphene, carbon nanodots, and nanohorns are compared against each
other. For instance, CNTs’ elongated morphology is ideal to boost the activity of conductive cells,
as in the heart[1] and nerve[2] tissues. Graphene oxide is an excellent scaffold for the in situ growth
of inorganic metal oxide nanoparticles, and thus in the resulting organic-inorganic hybrids, for
applications in water, such as in phosphoproteomics for cancer detection.[3] Nitrogen-doped
carbon nanohorns can surpass other nanocarbons in electrochemical catalysis.[4] Carbon
nanoshells are another interesting option for applications in electrochemical catalysis.[5] As we
learn about morphological control at the nanoscale towards functional nanocomposites,[5] we can
embark in the navigation at the exciting interface between nanomaterials and supramolecular
chemistry for the emergence of new properties.[7,8]

Figure 1. The exciting landscape at the interface between nanomaterials and supramolecular
chemistry. Members of the diverse nanocarbon family (grey, top) can be used as templates for
metal oxide NPs (light grey polyhedra, centre) for functional nanocomposites interfacing with
biomolecules, such as peptides (green, bottom) in water (red, bottom).
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Thomas J. J. Müller,a
aInstitut für Organische Chemie und Makromolekulare Chemie der Universität Düsseldorf Universitätstr.
1, D-40225 Düsseldorf, Germany
e-mail:

ThomasJJ.Mueller@uni-duesseldorf.de

Keywords: antiaromaticity, cross-coupling, cyclic voltammetry, fluorescence, heteroacenes
Thieno1 and benzothieno anellated
[1,4]thiazines2 are synthesized by twofold
Buchwald-Hartwig aminations. These title
compounds are significantly more electronrich than their more familiar congeners, i.e.
phenothiazines, as supported by DFT
calculations and cyclic voltammetry.1d,e
While dithieno[1,4]thiazines are can be
regarded as strong donors that can be
readily functionalized by rich organometallic
one-pot functionalization chemistry,1b,d antianti and syn-anti bis[1]benzothieno[1,4]thiazines
reveal
peculiar
electronic
properties.2 anti-anti Bis[1]benzo-thieno[3,2- b:2',3'e][1,4]thiazines
display
pronounced
green
luminescence in solution (F ≈ 20%) and in the
solid state. X-ray structure analyses of anti-anti
derivatives amazingly reveal coplanar arrangements of the pentacyclic anellated 1,4-thiazine
system,3 emphasizing a structural similarity to
heteroacenes. The
calculated
nucleus-independent chemical shifts (NICS) additionally confirm
that these 8-electron core systems can be
considered as electronically unbiased antiaromatic
anellated 1,4-thiazines. Applicable organometallic
methodologies allow for the rapid construction of
electron-rich oligomers and polymers4 and even
NIR-emissive chromophores.5
References
[1] a) C. Dostert, C. Wanstrath, W. Frank, T. J. J. Müller, Chem. Commun. 2012, 48, 7271-7273.
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[4] a) J. Nau, A. P. W. Schneeweis, T. J. J. Müller, Mater. Chem. Front. 2020, 4, 621-630. b) J. Nau, T.
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N-DOPED GRAPHENE: N-FUNCTIONALIZATION FOR ENERGY
CONVERSION APPLICATIONS
María J. Gómez-Escalonillaa, Luis M. Arellano,a Habtom B. Gobeze,b Youngwoo Jang,b Myriam
Barrejón,a Concepción Parejo,c Julio C. Álvarez,c Ángela Sastre-Santos,c Francis D’Souzab and
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Graphene has emerged as one of the most actively researched materials for applications
in energy conversion and storage, electrocatalysis, sensors, and electronics. Even though
graphene does show zero band-gap, it is a versatile material that allows for modifying its
properties through various methods. In this regard, controlled chemical doping of heteroatoms,
such as nitrogen, sulfur, and boron, is one of the most promising and feasible methods to tailor
the photocatalytic activity of graphene, allows for the breaking of its lattice symmetry and opening
a band-gap, which produces a semiconducting material with excellent properties.
Nitrogen-doped graphene (NG), which contains three common bonding configurations
within the carbon lattice, namely, quaternary N, pyridinic N, and pyrrolic N exhibits properties
different from those of pristine graphene as N-doping shifts the Fermi level above the Dirac point
opening the band gap, making N-graphene a candidate to be used in semiconductor devices
broadening its applications.
Here, we’ll present a simple and broad scope method for the N-functionalization of Ngraphene, incorporating electron donor or acceptor moieties;[1-4] femtosecond transient
absorption spectroscopy demonstrates the ambipolar character of N-graphene in photoinduced
electron transfer processes.
References
[1] M. Barrejón, A. Primo, M. J. Gómez-Escalonilla, J. L. García-Fierro, H. García, F. Langa,
Chem. Comm. 2015, 51, 16916-16919.
[2] M. Barrejón, L. M. Arellano, H. B. Gobeze, M. J. Gómez-Escalonilla, J. L. García-Fierro, F.
D’Souza, F. Langa, Chem. Sci. 2018, 9, 8221–8227.
[3] H. B. Gobeze, L. M. Arellano, A. M. Gutiérrez-Vílchez, M. J. Gómez-Escalonilla, Á. SastreSantos, F. Fernández-Lázaro, F. Langa, F. D’Souza, Nanoscale Adv, 2019, 1, 4009-4015.
[4] L. M. Arellano, H. B. Gobeze, Y. Jang, M. Barrejón, C. Parejo, J. C. Álvarez, M. J. GómezEscalonilla, A. Sastre-Santos, F. D’Souza, F. Langa, Chem. Eur. J, 2022 (under revision)

446

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S13-OC02

AN OVERVIEW OF CURCUMINOIDS IN MOLECULAR ELECTRONICS AND
CURRENT STUDIES ON GRAPHENE NANOJUNCTIONS AND
COORDINATION POLYMER-BASED FETS
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On the path toward the study molecules that are active components in the field of
molecular electronics (ME), curcuminoids (CCMoids, diarylheptanoid systems) have proved to be
versatile systems, showing promising results as nanowires.[1-5] My group has been involved in
analysis of : (i) the influence of terminal groups, for the optimal anchoring of CCMoids to gold
electrodes,[1-2] (ii) the effect on electronic transport of the coordination of fullerene groups to the
central chain of CCMoids,[2] and (iii) the switching response, shown by the binding of boron
derivatives with the -diketone CCMoid moieties, giving rise to molecular switches, while applying
an external electric field;[3] using, in all cases, the mechanically-controllable break junction (MCBJ)
technique.[1-3]
In addition, CCMoids have been deposited between graphene electrodes separated by
1-2 nm gaps.[4-5] The I-V characteristics of these graphene-based three-terminal hybrid devices
have been measured at low and ambient temperatures, confirming that the electronic response
has a molecular origin.[4] Using similar devices and a new generation of CCMoids, vibrationalassisted excitations have been observed, indicating enhanced graphene-CCMoid coupling.[5]
Here, I present our latest achievements related to the creation of polycyclic aromatic
hydrocarbon-CCMoids (PAH-CCMoids) and carbon nanotube-CCMoids (CNT-CCMoids),
improving the coupling and stability of the final graphene hybrid nanodevices, along with
electronic measurements performed in the group. In addition, recent studies of 2D coordination
polymers (2D-CPs) based on CCMoids,[6] their exfoliation and deposition process on transistors
are shown for the evaluation of their electronic behaviour. In summary, my work aims to visualize
the potential of the CCMoids in the creation of nanomaterials and their use in ME.
References
[1] A. Etcheverry-Berrios et al. Chem. Eur. J. 2016, 22, 12808-12818.
[2] D. Dulić et al. J. Phys. Chem. C, 2020, 124, 2698−2704
[3] I. Olavarria-Contreras et al. Chem. Sci., 2018, 9, 34, 6988-6996.
[4] F. Prins et al. Nano Letters, 2011, 11, 4607-4611.
[5] E. Burzuri et al. ACS Nano, 2016, 10 (2), 2521-2527.
[6] L. Rodríguez-Cid et al. Dalton Transactions, 2021, 50, 7056-7054.
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ROOM-TEMPERATURE MAGNETORESISTANCE MOLECULAR-BASED
DEVICES
Eliseo Ruiz,a
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Keywords: Molecular Electronics, Spintronics, Scanning Tunnelling Microscopy, Density
Functional Calculations
The goal of this communication is to present a well-defined experimental/theoretical route
map to reach single-molecule and molecular-based devices showing magnetoresistance at room
temperature. We have already reported that Scanning Tunnelling Microscopy (STM)
measurements of metalloporphyrins-based devices allow to detect magnetoresistance
behavior.[1,2] Such magnetoresistance effect is like that reported by Fert and Grünberg in magnetic
metal layers used in hard disk heads, just the inversion of the magnetization of the magnetic tip
results in an important change in the transport properties of the device.
In this study, we want to extend also to more robust devices based on molecular-based
Hofmann Clathrates. Thus, a single layer of the clathrate structure is grown in a gold substrate
and the transport properties are measured with an STM using a blinking procedure. Such
[CoPt(CN)4] monolayer with two axial thiopyridine ligands (see Figure) is characterized using
ellipsometry and XPS techniques. Additionally, non-equilibrium Green Functions method
combined with DFT calculations have been employed in order to rationalize such results.

References
[1] Aragonès, A. C.; Martín-Rodríguez, A.; Aravena, D.; Puigmartí-Luis, J.; Amabilino, D. B.;
Aliaga-Alcalde, N.; González-Campo, A.; Ruiz, E.; Díez-Pérez, I., Angew. Chem. Int. Ed. 2020,
59, 19193-19201.
[2] Aragonès, A. C.; Martín-Rodríguez, A.; Aravena, D.; di Palma, G.; Qian, W.; Puigmartí-Luis,
J.; Aliaga-Alcalde, N.; González-Campo, A.; Díez-Pérez, I.; Ruiz, E., Angew. Chem. Int. Ed. 2021,
60, 25958-29565.
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MAGNETISM IN LOW DIMENSIONS: CHEMICAL DESIGN, PROSPECTS
AND OPPORTUNITIES
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In this contribution we will provide a pedagogical overview of the state-of-the-art regarding
the chemical design and first-principles modelling of low-dimensional magnetic materials. In
particular, we will focus on: (i) coordination complexes known as single-ion magnets (SIMs), which
are nowadays the hottest topic in Molecular Magnetism and have been proposed as promising
candidates for the development of high-density magnetic memories, magnetic refrigeration and
quantum computing applications, and (ii) 2D magnetic materials, which have recently been
isolated, unlocking new horizons in fundamental physics while providing unprecedented
opportunities for spintronics and magnonics.
Firstly, we will introduce a series of computational tools and models that allow the rational
design of f-block molecular nanomagnets and spin qubits. We will focus on their setting up,
application and benchmarking, discussing how we can exploit the complementarity of the
available computational methods for an accurate description of these phenomena. We will also
present the recent advances in the field of molecular nanomagnetism to take into account the
crucial role of vibrations that couple to spin states in order to model magnetic relaxation [1] and
the key features that allow the quantum coherent electric control of the spin states in the
polyoxometalate molecular anion [Ho(W5O18)2]9− [2].
In the second part, we will present the most characteristic examples of 2D magnetism (e.g.
CrI3, MPS3, CrSBr, etc.) using van der Waals materials and their future perspectives. We will
describe a general computational framework based on Hubbard-corrected density functional
theory and a derived tight-binding Hamiltonian based on maximally-localized Wannier functions.
[3] This approach provides an efficient and intuitive way to compute magnetic interactions, critical
temperatures and spin wave spectrums. The external control of the properties using mechanical
strain or chemical functionalization (e.g. hybrid molecule/2D heterostructures) will also be
overviewed during the presentation.
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SMART MATERIALS:
CHARACTERIZATION, APPLICATION AND SELF-HEALING
Maria Antonia Herrero1,2
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The excellent properties of graphene[1] and graphene derivatives make them suitable for
developing versatile materials for many different real applications, from engineering to biological
uses, therefore their potential release into the environment has increased. SERS-based
methodologies are developed to quantify very low concentration of graphene in real
environments.
Hydrogels are physically or chemically crosslinked three-dimensional (3D) polymeric
networks, which can absorb large amounts of water without dissolving or losing their structural
integrity. New smart materials are designed by the incorporation of graphene derivatives into
hydrogels[2]. A comparison of the features of graphene, graphene oxide and graphene quantum
dot-based hydrogels is performed in order to ascertain the structural role of the graphene
derivatives into the polymeric network[3]. One of these new derivatives is able to self-heal in an
autonomous manner, without requiring any external stimulus.

Figure 1. Scheme of the incorporation of graphene derivatives into hydrogels
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FROM FLUORESCENT BIOMARKERS TO SOFT NANOTRANSPORTERS
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Artificial transformation of natural products to hybrid synthetic-natural structures opens
enormous avenues for the manipulation of complex physiological processes. We have shown that
cyclic depsipeptides that are selective K+ membrane ionophores have implications in glucosestimulated insulin secretion in ß-cells[1] and can be used as useful biomarkers for the visualization
of chemical processes in live INS1E cells. We want to introduce now new organic nanostructures
composed of aggregation induced emission dyes bonded self-assembly pseudopeptides that
contribute to the supramolecular aggregation into fluorescent nanovesicles useful as biomarkers
and nanotransporters (Figure 1). AFM and SEM showed soft empty nanovesicles, obtained by
self-assembly of the hybrid pseudopeptidic structures.

Figure 1
The reported nanostructures are now used to transport active peptides to cell compartments
acting as both biomarkers and nanotransporters at the same time. For example, the
preimplantation factor, PIF, can be successfully delivered into cells (Figure 2).

Figure 2
References
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Opening up new horizons into materials science requires the development of novel
architectures. To that end, phosphorus heterocycles provide a wide set of unique possibilities.
The singular hybridization of phosphorus centers enables a series of reversible postfunctionalization reactions with transition metals, Lewis acids, oxidizing and alkylating agents.[1]
The latter allow: a) tailoring the optoelectronic properties to specific applications and, b) adjusting
the intermolecular interactions to access intriguing phenomena such as piezochromism,
thermochromism and liquid crystallinity among others.[2] Despite the advantageous properties of
phosphorus heterocycles, however, their application in materials science is only in its infancy.
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In this communication, I will present the preparation of novel phosphapyrene molecules
containing two six-membered phosphorus heterocycles.[3] I will report their electronic and
(chiro)optical properties. I will finally describe an unconventional method to control the
organization of the molecules through soft intermolecular interactions based on the unique
chemistry of the phosphorus atoms. All-in-all, I will present the benefits of embedding sixmembered phosphorus heterocycles into π-extended polyaromatic systems.
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Self-assembly represents a very useful tool in Chemistry for the development of organized
supramolecular systems stabilized by non-covalent interactions.[1] The rational design of organic
molecules that suitably integrate different interacting sites into their structure becomes an
interesting approach to control the molecular arrangement by exploiting the driving force of those
non-covalent interactions.[2] With this objective in mind, we have synthesized a series of πconjugated molecules that incorporate the 7-azaindole unit as building block to induce the
supramolecular self-assembly in the solid state through reciprocal hydrogen bonding.[3]
The judicious alteration of the molecular geometry has demonstrated the adequacy of this
self-assembly strategy to achieve the control on the directionality of N-H···N hydrogen bond
interactions. Consequently, 1D, 2D and 3D-supramolecular systems have been obtained with
interesting structural properties.[4] In this communication we present our recent advances in this
approach towards supramolecular materials, particularly focusing on their application as organic
semiconductors in devices such as OFETs and solar cells.[5] The performance of these novel
molecules as hole transporting materials has revealed a remarkable robustness despite their noncovalent nature. Accordingly, these results invite to think that supramolecular electronics could
become an appealing research topic.
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Helical structures are widespread motifs in biomolecules and many efforts have been made
to imitate such geometries using abiotic components[1]. Among them, [n]-helicenes have attracted
the attention of chemists for almost a century as their chiroptical properties derived from their
intrinsic chirality are remarkable and they have been recently reported as spin filters, due to the
CISS effect[2]. Despite the great interest of this kind of structures, the main drawback in [n]helicene chemistry is the challenging synthesis of members with increasing turns, even in their
racemic form. In this sense, the use of foldamers based on conjugated subunits constitute a
privileged alternative for a number of different reasons: (i) they can be easily prepared by iterative
protocols (ii) the functionality present in such monomers can cooperatively act to strengthen their
properties or even create new ones, and (iii) they can also interact dynamically with the
environment. Within this context, in the last years our group has been working on the development
of new helical scaffolds using as main skeleton ortho-oligophenylethynylenes (o-OPEs). We have
evolved from racemic one-loop structures to up to four-loop enantiopure systems, presenting
remarkable chiroptical properties both in ground and excited states and also potential applications
in spintronics. In this sense, we have obtained a linear relationship between the length of the helix
and the magnetic transition moment associated with the less energetic transition, thus connecting
the chiroptical properties and CISS-based spin filtering.
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Hole-transporting materials (HTMs) are a crucial component in obtaining high power conversion
efficiencies (PCEs) in perovskite-based solar cells (PSCs). They play the important roles of
extracting the photogenerated holes, formed within the perovskite film, and transporting them to
the electrodes. Among the wide number of chemical structures proposed as HTMs for PSCs,
small organic molecules have received special attention with spiro-OMeTAD (2,2´,7,7´tetrakis(N,N-di-p-methoxyphenylamine)-9,9´-spirobifluorene) as a reference.[1] In this
communication, we first focus on how the donor ability and hole reorganization energy change
with the chemical structure of the HTM. -Extended, sulfur-rich compounds, such as the
anthracene-tetrathiophene ATT-OMe system displayed in Figure 1a, that have been used as
HTMs in PSCs achieving remarkable PCEs, are theoretically described.[2] Second, we investigate
a series of HTMs based on fused polyheteroaromatic molecules incorporating 7-azaindole
terminal moieties bearing hydrogen-bond donor and hydrogen-bond acceptor sites (Figure 1b).
The 7-azaindole units induce the hydrogen-bond self-assembly of the conjugated molecules thus
increasing the supramolecular ordering in the HTM layer. The effects of this ordering on the
charrier transport in the HTM semiconducting layer are theoretically discussed.[3] Third, we briefly
present how the optical properties (energy bandgap) of Cs2AgBiBr6 lead-free double perovskites
can be tuned by substituting the monovalent Ag1+ and trivalent Bi3+ cations by divalent Sn2+, Ge2+
and Zn2+ cations.[4]

Figure 1. Chemical structure of the sulfur-rich ATT-OMe (a) and the H-bond-promoting ADAI (b)
molecules. Both HTMs are based on an anthracene central core.
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Metal halide perovskite nanomaterials present outstanding optical and electronic properties
that make them very interesting for the photovoltaic market, optoelectronics, and photocatalysis.
They respond to the general formula APbX3 (A= organic cation such as methylammonium,
formamidinium or inorganic cation such as Cs+ and X= Cl-, Br- or I-. The development of advanced
protocols for colloidal perovskites nanocrystals synthesis has been the focus of research since
our pioneer synthetic none-template approach reported in 2014, based on the use of long-chain
ammonium salts as capping agents.[1] Molecular surface ligands play a crucial role during the
synthesis of perovskite nanocrystals, regulation of the crystallization, size, shape, preventing their
agglomeration, and defining their dispersibility in the medium. They also have a dramatic effect
on the optical properties, such as photoluminescence quantum yield, Stokes shifts, and colloidal
stability.[2]
The most common ligands used for binding to the surface of perovskite nanocrystals are
X- or L-types, according to the covalent bond classification. We have explored different molecular
ligands such as alkylammonium salts, cyclic alkylamines, and host-guest complexes to improve
the optical performance of the nanocrystals and their stability/photostability. The nature of ligands
can also determine the dimensionality of the prepared nanomaterial. In this framework, 2D layered
[CsPbBr3]PbBr4 nanoplatelets and L2[CH3NH3PbBr3]n−1PbBr4 nanosheets were obtained using
dodecylamine/miristic acid and dodecylamine/p-toluene sulfonic acid ligands pair, respectively.
[3,4]
The effect of surface passivation over the optical properties of metal halide perovskite
nanocrystals and their applications will be discussed.
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Nanoscience are expected to address knowledge gaps and provide ground-breaking
solutions to many challenges that threaten our future. In this context, noble metal nanocrystals
are fascinating materials due to the emergence of novel optical, electrical and magnetic properties
when the size of the metal is reduced to the nanoscale. In the case of plasmonic nanometals,
their conduction band electrons can strongly interact with electromagnetic radiation giving rise to
a collective oscillation localized at the surface of the nanocrystals. The localized surface plasmon
resonances (LSPRs) are behind the great interest that these nanometals have attracted towards
their use as sensors, photothermal therapy agents or photocatalysts.[1]
The chemical properties of alloy surfaces are generally highly appealing for catalytic
applications due to the appearance of defects and unique chemical properties. Nevertheless, the
different potential reduction of plasmonic metals make the formation and control over morphology
and composition of such nanoalloys difficult. One interesting approach relies on the fabrication of
metal core-shell structures via wet chemistry methods and their annealing to induce melting and
formation of the alloy. Interestingly, the use of ultrafast pulse lasers has been widely proven to
produce melting and reshaping of plasmonic nanocrystals with LSPRs in resonance with the laser,
but not for obtaining nanoalloys.[2]
Herein, we have used ultrafast pulse lasers to obtain novel nanostructures which are
partially/totally alloyed. The proposed strategy consists of the synthesis of colloidal Au nanorods
which are covered with a plasmonic shell of other plasmonic metals (e.g. Ag and Pd) in such
manner that the LSPRs of the nanostructure is in resonance with a fs pulse laser. The energy
transferred by the laser pulses to the nanocrystals is responsible for the thermal activation of the
metal atoms, which give rise to their diffusion, mixing and alloy formation. Controlling the pulse
fluence and functionalization of the nanocrystals suspension, we are capable of reshaping coreshell nanorods to produce diverse novel nanostructures, as can be determined via the changes
in their extinction spectra and transmission electron microscopy (Figure).[3]

Figure. (A) UV-Vis-NIR spectra of core-shell Au-Ag nanorods (B-black) irradiated at increasing
pulse fluence: (C) pink, (D) green, (E) blue and (F) red. Scale bar:100 nm
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During the last decade, on-surface synthesis has emerged as a powerful tool for the
construction of large, planar, π-conjugated structures that are not accessible through standard
solution chemistry.[1] Among the building blocks used for the fabrication of such surface-supported
nanoarchitectures, porphyrins (Pors) are of particular interest thanks to their planar structure with
an aromatic core of 18 π-electrons, remarkable thermal stability, tunable redox properties, and
intense optical features.[2] We report here the on-surface fabrication, and structural and electronic
characterization of novel Por-graphene nanoribbon (GNR) hybrids ((H2Por2)-GNR in Figure 1ac)[3a,c], as well as π-extended Pors (ZnIIPorA2 in Figure 2d,e)[3b] and Por nanotapes (NTs)
(ZnIIPorNTs in Figure 2d,f-h)[3d] showing open-shell character.
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Humanity is currently facing a global energy crisis, but we, consumers, do very little in
improving our energy efficiencies. According to the statistics, in 2019, we are watching 4.5 million
views on YouTube, 3.8 million searches in Google, send 41.6 million messages or 188 million
emails PER MINUTE. If we consider the electricity on all the consumer gadgets, by 2020 this
market would be responsible for 4% of the CO2 global emissions.
Piezoelectric materials have a unique property that converts mechanical energy into
electrical energy or vice versa. Barium titanate is the first piezoelectric ceramic ever discovered,
but the ceramic lead zirconate titanate, also known as PZT, is the most commonly used material
for piezoelectric harvesting.1 Different nanomaterials in the dichalcogenides family have been
theorised to have piezoelectric behaviour. Some of them have been tested, such as boron nitride
and molybdenum disulphide, and confirmed experimentally. Still, the procedures to obtain these
nanomaterials, with the right quality to observe the piezoelectric behaviour, are enormously
expensive, halting its possible applications.
Here, we show the mechanochemical exfoliation of 2D nanomaterials (FLG, BN, MoS2 and
WS2) with glycine. We have also successfully synthesised the cocrystals for these nanomaterials,2
which makes it possible to enhance their piezoelectric responses.
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Over the last few years, the use of metal nanoparticles (MNPs) in catalysis has awakened
much interest in the scientific community, since they combine the benefits of homogeneous
(activity) and heterogeneous (stability) catalysts. The catalytic properties of MNPs are strongly
influenced by the ligands used as stabilizers, since substrate-ligand interactions can influence the
electronic or steric properties of the active metal centers.
In this work, we describe the first example of Ru NPs stabilized with heptagon-containing
saddle-shaped nanographenes ligands derived from dodecyl-chained hexa-perihexabenzocoronene (hept-HBCs).[1] More specifically, two different nanographene-stabilized Ru
NPs were synthesized following an organometallic approach (Scheme 1): i) by using a hept-HBC
functionalized with a carbonyl group (1), and ii) with a hept-HBCs bearing a methylene unit (2).[2]
The surface chemistry of these novel Ru NPs (Ru@1 and Ru@2) was investigated by solid-state
NMR and DRIFT experiments using CO as probe molecule. Furthermore, by solution NMR and
DFT calculations it was possible to investigate the interaction modes between the nanographenes
and the ruthenium surface, concluding that the presence of the curvature (due to the sevenmembered ring) is crucial for MNP stabilization. Finally, the catalytic activity of these canopy Ru
NPs was evaluated in the hydrogenation of arenes of current interest, such as the biomass
platform molecule hydroxymethylfurfural (HMF) or the liquid organic hydrogen carrier N-indole,
finding a notable ligand effect in terms of activity and selectivity.

Scheme 1. Synthesis of Ru NPs using heptagon-containing saddle-shaped nanographenes
ligands (hept-HBCs) as stabilizer.
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We will demonstrate that sub-5 nm porphyrin nanoribbons1 can be charged inside twoterminal single molecule junctions in which the charged state can persist for many seconds under
ambient conditions.2 This phenomenon is possible due to the presence of a localized molecular
eigenstate close to the Fermi edge of the electrodes which can be accessed by applying a
moderately high bias voltage of about 1.0 V. Upon charging, the low-bias molecular conductance
is boosted by approximately two orders of magnitude which gives rise to a hysteretic I-V response.
This opens the door to the tantalizing possibility that these long-lived charged states may lead to
memristor architectures or redox-based molecular memories in future two-terminal devices. The
ambient operation highlights that special environments, low temperatures or ultra-high vacuum
conditions are not prerequisites for stable charged molecular junctions.

Figure 1. Two channel mechanism of charge transport in porphyrin nanoribbons.
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Carbon nanomaterials constitute a broad family that is continually growing being one of its latest
components the carbon dots (CDs). CDs are 0D luminescent carbon-based materials that have
found several novel applications, in particular, in optoelectronic and energy devices [1, 2]. The
structure of the CDs is of spherical shape with a partially amorphous with significant sp3 bonding
and some crystal lattices and chemical groups on the surface. The electronic band gap strongly
depends on the intrinsic and extrinsic state luminescence along with the quantum confinement
effect related with its size. The main mechanism of photoluminescence suggested are these
based on the size of the particles and the defect states, being the quantum size effect the major
factor for the tunable emission, also known as intrinsic emission. As the size of the sp2 domains
increases the emission maximum shifts towards longer wavelength. In respect to the existence of
trap states caused by heteroatom doping and/or surface functional groups attached to the carbon
core, the emission mechanism is known as extrinsic, and the effects produced are red-shifts
displacements upon increasing these surface defects.
We have prepared red-emitting CDs by using a bottom-up strategy consisting in a solvothermal
method that starts with p-phenylenediamine as precursor and toluene as solvent. This process
gives place to CDs that present excitation dependent emission. However, when these CDs are
submitted to a separation process at least two fractions of different CDs are obtained with
emission in the green and red regions of the electromagnetic spectrum. The key step in this
process must be a successfully purification method that allow the separation of the CDs by size
and chemical nature.
In this work, we have isolated red-emissive CDs that presents emission at 600 nm. First, the
physico-chemical properties have been determined by UV-Visible and fluorescence
spectroscopies. Steady-state and time resolved fluorescence have been carried out to make a
wide characterization of these nanomaterials. Second, an electrochemical characterization has
been made to find out the presence of electroactive functional groups. Finally, other techniques
such as transmission electron microscopy, X-ray diffraction and Raman spectroscopy have been
used for a structural characterization.
Acknowledgements: We thank the Ministerio de Ciencia e Innovación (Project RED2018102412-T Network of Excellence Electrochemical Sensors and Biosensors), Junta de Andalucía
and Universidad de Cordoba (UCO-FEDER-2018: ref. 1265074-2B and Plan Propio, SUBMOD.
1.2. P.P. 2019). A.F.M. thanks the Ministerio de Universidades (Ayuda FPU20/02616) for financial
support of this work.
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The development of boron cluster-based compounds has attracted the interest of scientists
due to their applications in fields such as materials science, nanotechnology and biomedicine [1].
Amongst them, anionic clusters closo-dodecaborate, [B12H12]2-, and cobaltabisdicarbollide, [3,3’Co(C2B9H11)2]-, have been deeply studied because of their high thermal and chemical stabilities,
along with their low toxicity in biological systems. In this sense, high-boron-content compounds
acknowledge of anticancer properties for Boron Neutron Cancer Therapy (BNCT). These systems
can be prepared by grafting boron clusters to a wide range of platforms such as dendrimers or
nanomaterials [2].
In this context, carbon-based nanostructures have emerged as potential biocompatible
scaffolds. Notably, [60]fullerene bearing biologically active chemical moieties has shown
outstanding results, i.e. C60 functionalized with carbohydrates displayed remarkable response invitro to inhibit the infection process of Ebola, Dengue and Zika viruses [3], or amino aciddecorated [60]fullerene shows antiviral activity against HIV [4].
Given the above-mentioned results, herein we described the synthesis of peripherally
functionalized [60]fullerene with closo-dodecaborate and cobaltabisdicarbollide boron clusters.
These new boron-rich nanostructures are currently under investigation in the search for
biomedical applications.
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A series of nitrogen-doped polycyclic aromatic mono and dicarboximides (PADI) has been
synthesized[1]. Their interest lies in the fact that, unlike other PADI systems, this new family of
compounds was synthesized by an innovative procedure that avoids metal-based cross-coupling
reactions (Figure 1). In addition, these molecules are able to stabilize multiple redox processes,
making them attractive for future electronic devices and batteries [2,3].
Among the synthesized materials, the semiconductors based solely on naphthalimide units
were designed to exhibit electron transporting properties, while the synthesis of the systems
based on pyrene and naphthalimide moieties was approached to obtain ambipolar behavior. In
our study, we investigated the interplay of different effects such as (i) the type of solubilizing
chains (naft-2-4), (ii) the all-acceptor vs donor-acceptor nature of the systems (naft-1 vs naft-2)
and (ii) the molecular ordering on the organic field effect transistor (OFET) device response
characteristics.
Interestingly, we found that all-acceptor systems (naft-2-4) show multiple reduction
processes, in which up to tetranion species were stabilized, while the donor-acceptor derivative
(naft-1) shows amphoteric redox behavior, in which only up to dianion species were obtained.
This lately is in good agreement with the ambipolar mobilities observed for naft-1 in OFETs, while
only electron mobilities were registered for naft-2-4 systems.
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Figure 1. (a) Chemical structures of imide-functionalized naft-1-4 systems, (b) and (c)
OFET output curves for naft-1 and naft-4, respectively (VGS ranges from 0 to 80 V in steps of 10
V).
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We present the concept of combining circularly polarized luminescence (CPL) and excitedstate intramolecular proton transfer (ESIPT) features into a single molecule as a strategy to
generate high-performance ESIPT-based CPL materials.[1] For this purpose, a [6]helicene (Hel)
bearing two ESIPT structural units (2-hydroxyphenyloxazolines) was synthesized using a double
Suzuki–Miyaura reaction and a double C(sp2)–H hydroxylation approach. The photophysical
properties of the doubly hydroxylated [6]helicene were studied in parallel with a non-hydroxylated
[6]helicene control compound, revealing that the presence of a chiral [6]helicene unit results in a
strong CPL response and the presence of the ESIPT units in a considerable red shift, determined
by means of time-resolved emission spectroscopy (TRES) and the corresponding band
deconvolution via species-associated emission spectra (SAEMS) analysis. The red-shifted
emission along with the outstanding glum (≈ 10−2) and a large Stokes shift (13,600 cm−1) make the
doubly hydroxylated [6]helicene a promising candidate for use in optoelectronics.
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The Diels-Alder (DA) reaction is one of the most importat reactions in chemistry.[1] In this [4+2]
cycloaddtion, the reaction between a diene (4π electrons) and a dienophile (2π electrons)
generates a new six-membered ring by forming two new σ-bonds between the reaction partners.
However, despite the privileged role of the DA reaction in organic chemistry and the demostration
of other cycloadditions reactions on surface, there are very few reports about on-surface
transformations based on DA reactions.[2]
In this communication we describe our efforts to induce and investigate an on-surface DA reaction
in a single molecule, facilitated by the careful design of the precursor molecule. In this way, a
hexadehydro-Diels-Alder (HDDA) reaction was demostrated on-surface in single molecules of a
cyclic strained triyne. The starting material, several intermediates and the product were
visualizaed by means of atomic force microscopy (AFM) with CO-functionalized tip (Figure 1).[3]

Figure 1. On-surface study of a hexadehydro-Diels-Alder reaction.
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The properties of advanced materials are closely related to the internal organization of their
structures.[1] In this context, the development of the forthcoming generation of molecular
optoelectronic devices will require accurate control over the orientation and spatial distribution of
functional molecules.[2] Although unimolecular electronics is already a reality, not all results are
consistent with each other, and the difficulty of precisely controlling the geometry in the moleculemetal junctions remains a problem.[3] For these reasons, manufacturing multiple unimolecular
devices in parallel in the same system is one of the long-standing challenges of this field.[4] In this
work, we have developed a versatile, simple, and easy-to-implement strategy to fabricate largearea molecular scaffoldings composed of millions of unimolecular devices in parallel, following a
"layer-by-layer" methodology. The procedure combines alternately self-assembled layers of a
metalized porphyrin derivative and layers of functional molecules that act as molecular wires.
These perpendicularly bind to the metal center of the porphyrin, maintaining a stoichiometric ratio
of 1:1 between layers through electrical contact and spaced from each other (Figure 1). This novel
strategy allows modulation of the final structure of the scaffold by varying the functional molecule
according to the desired application. This methodology makes it possible to extend to a wide
variety of compounds and, thereby, towards the fabrication of more complex devices with other
potential nanotechnological applications.

Figure 1. Scheme of the layer-by-layer procedure to build the large-area supramolecular
scaffolding device.
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Organic opto-electronic materials have gained great interest in the last decades in a wide
range of applications such as organic solar cells (OSCs), organic light emitting diodes (OLEDs),
organic field-effect transistors (OFETs) and fluorescence sensors due to their facile molecular
funcionalization and tuning of their light emission and charge transport properties.[1-2] In parallel,
1D organic micro/nanostructures have attracted much attention due to their interesting photonic
and optoelectronic properties These structures have been accordingly exploited as active medium
in OLEDs, micro/nano organic crystal lasers and optical waveguides potentially interesting for
optical communications and information processing.[3-6] Nowadays, there is a significant effort on
the synthesis and development of crystal assembly protocols to promote light waveguiding in
organic micro/nanostructures of different geometries. In this respect, we have synthesized new
azaindole derivatives and processed them into 1D organic microstructures. The obtained
microfibers possess excellent luminescence properties (Figure 1), large optical confinement and
waveguiding along the microstructures and optical gain as inferred from observed random lasing.

Figure 1. Fluorescence microscope images of the 1D microwires of azaindoles derivatives

The authors acknowledge financial support by project PID2019-105479RB-I00 (AEI, Spain).
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Organic semiconductors have emerged as an important class of materials that offer
interesting prospects for high throughput, low-cost and flexible electronic circuits. In this sense,
triindole-based systems have demonstrated great potential as p-type semiconductors in organic
field-effect transistors (OFETs).[1] Recently, we have performed a combined experimental and
theoretical study of three new crystalline N-trimethyltriindoles endowed with different
functionalities at 3, 8 and 13 positions, either unsubstituted or with three methoxy or acetyl groups
(Figure 1a), with the main goal of exploring the correlation between the electronic nature of the
substituents and their solid-state organization, electronic properties and semiconductor
behavior.[2] On the other hand, the design and synthesis of covalent organic framework materials
(constructed from the union of different covalently linked conjugated platforms) are being deeply
investigated in organic electronics.[3] In line with this , we have also investigated how the structural
and the electronic properties of 2D triindole-based polymers (Figure 1b) can be modulated by the
(i) modification of the linkage position from para (T2) to meta (T3), (ii) by the insertion of different
π-bridges between the cores and (iii) by the increment of the number of π-bridges from 3 to 6
units (T2,3).[4] Overall, the results of this work open the door to the control of the degree of the πconjugation for their subsequent synthesis and real application in organic electronic devices.

Figure 1. Chemical structures of triindoles (a) and their corresponding 2D polymers (b).
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There are many reported examples of organic macrocycles and metallacycles of different
sizes and shapes that incorporate polycyclic aromatic hydrocarbons (PAHs) in their structures.
However, most of these examples are restricted to PAHs with a small number of fused rings and
examples of macrocycles that exhibit extended aromatic systems such as the hexa-perihexabenzocoronene (HBC) unit are much scarcer.[1]
In addition, a growing interest has emerged in the development of extended PAHs
incorporating seven-membered rings, resulting in nonplanar structures with a negative saddle
curvature.[2] These compounds present high solubility, which enhances their processability and
characterization, as well as interesting (chiro)optical or nonlinear optical properties, often when
combined with other structural defects. Nevertheless, their inclusion in macrocyclic structures and
the study of the resulting supramolecular host-guest interactions with curved π guests, which
could be enhanced by the curvature induced by the presence of the seven-membered ring on the
aromatic core, has remained practically unexplored.
Following our interest on developing the supramolecular chemistry of heptagon-containing
HBC analogues (hept-HBC),[3] here we present the design, synthesis and characterization of
novel macrocycles, based on a [10]cycloparaphenylene ([10]CPP) scaffold or a cyclophane[4]
structure, incorporating a hept-HBC unit and the study of its supramolecular behavior to form
host-guest complexes with fullerenes (C60 and C70).
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The synthesis, combination and functionalization of nanomaterials is a promising approach
towards materials by design.
In this project, nanoemulsions are proposed as an alternative for the controlled
functionalization or patterning of 2D materials, simplifying the whole process due to the advantage
of using common, cheap and green components.
Indeed, nanoemulsions are a mixture of two immiscible liquids in which one liquid is
dispersed as spherical droplets into the other phase [1]. It is noteworthy there are several types
of nanoemulsions depending on the nature of the droplets which conform them. They are
presented as a novel material characterized by its stability and easiest way of formation. [2]
We will use existing methodologies for the production of nanoemulsions, to move from a
classical 1 solvent + 1 reagent system to 2 solvents + 1 reagent or 2 solvents + 2 reagents, and
eventually more complex systems, for the covalent and noncovalent modification of 2Dmaterials.
We
wiII
control
the
size
of
the
domains
functionalized
with
each molecule by tuning the diameter of the micelles in the nanoemulsion [3].
In a combination with different organic molecules, NEMs will be used for the controlled
patterning or grafting of diverse 2D materials, such as graphene, including covalent and noncovalent junctions.

Figure 1. a) Mean size distribution of blank and diazonium salt samples; b) and c) optical
image of NEM; d) Raman mapping of a grafted sample; e) Raman spectra of patterned and
non-patterned zones.
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Solar energy conversion plays a very important role in the transition to ore suitable energy system.
In this sense, so many materials have been proposed to drive artificial photosynthesis, most of
them based on inorganic semiconductors, and the achievements performance continue every
day. However most of these materials presents well known short comings such as low light
absorption, fast charge recombination, and lack of tunability which limiting their efficiency.[1] The
use of conjugated Porous Polymers (CPPs) and their hybrid thereof open the door to multitude of
possibilities when it comes to select and design of suitable photocatalyst. [2] Thus our group has
been pioneering in the use of hybrid based on inorganic semiconductor and CPPs for hydrogen
production and CO2 photoreduction processes[3]. However, when we tried to translate the
acquired knowledge to photoelectrocatalysis devices we found difficulties related with the
processability of this kind of hybrid materials. In order to design photoelectrocatalysts the main
premise is to develop thin film photoelectrodes. But the CPPs synthesized by bulk techniques are
big particles (from micrometres to millimetres) which the processing as thin films with enough
optical and electrical quality is not possible. In this talk we will show our advance in the
implementation of 1) high throughput microfluidic techniques through miniemulsion process; 2)
electropolymerization; as well as 3) interfacial synthesis to the synthesis of nanostructured CPPs
and how this is a key aspect to improve their performance in the energy field.
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On the quest for more sustainable processes of biomass fractionation water should,
whenever possible, be the solvent of choice. Its limitations as a solvent towards a large number
of compounds that range from the hydrophobic lignin and lignin fractions, phenolics and dyes to
the most hydrophilic compounds such as cellulose, require that water properties are modified by
physical means (e.g. temperature) or chemical additives (e.g salts, hydrotropes, surfactants…).
Novel solvents such as ionic liquids, eutectic systems or biosolvents all benefit of being used in
aqueous solution, which minimizes they economic and environmental impact on the process, but
also often improves their solvation ability and transport properties.
In this communication we will show how aqueous solutions can be used for biomass
fractionation [1,2], and aqueous biphasic systems as stimuli-responsive media for biocompounds
purification or conversion [3,4]. We will present examples addressing both lignocellulosic and
marine biorefineries, showing how not only wood, but also algae and fisheries waste streams can
become the basis for a biorefinery [5], and a source of valuable natural compounds. These
examples will highlight the potential of aqueous solution of green solvents, and will allow to
discuss the molecular mechanisms behind their enhanced solvation performance when compared
to their pure forms.
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Sustainability today is a must.
Consumer-goods companies are setting ambitious sustainability targets for themselves. To reach
those targets, however, changes are required along the entire value chain—with a concrete road
map.
The European Union’s Green Deal provides for all packaging in the EU area to be reused or
recycled by 2030. The Circular Economy Action Plan also provides for products to have long life
cycles and be repairable (“right to repair”).
Energy companies, and more specifically companies related oil and gas are focusing in
introducing wastes as row material in the current refineries.
The task is not as easy as it looks like. Several factors play the game. Among others, plastics and
other residues collection, sorting, cleaning and processing (chemical recycle).

Technologies for converting plastic into liquid streams are available, but no one is perfect. Along
the presentation pros and cons of available technologies will be shown.
Plastics recycling is a challenge for Chemical Engineers, not only for converting residues into
liquid streams but also for adapting quality of pyoil to existing facilities in the refineries.
Research and Development is needed today more than ever to meet the challenge.
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The development of Salinity Gradient Power technologies has led in the last 2 decades to the
disclosure of a number of interesting and high potential applications, all based on the well- known
idea that controlled mixing of solutions at different salinities can generate green energy.
The basis of such developments lays on a class of technologies, among which two
membrane-based ones have reached the highest Technology Readiness Level so far, namely:
Pressure Retarded Osmosis (PRO) and Reverse ElectroDialysis (RED).
This latter is based on the use of electro-membranes, which are able to directly convert the
salinity gradient into electrical energy, thus being so far the most promising and versatile option for
such applications.
In Reverse ElectroDialysis process, cation and anion exchange membranes (able to
selectively transport cations and anions, respectively) are alternatively piled into a stack, interposing
some net spacers between them, thus forming thin channels whose walls are constituted by
the membranes themselves. Two solutions at different salt concentration flow into the spacer-filled
channels formed, thus generating a salinity gradient between the membrane interfaces leading to
the formation of an electrical voltage raise (Donnan potential) and to an ionic electrical current.
This can be collected and converted into a current of electrons thanks to suitable red-ox reactions
occurring in the electrodic compartments. All that corresponds to the operation of an electrical energy
generator, starting from a salinity gradient.
The innovative idea of RED operation has been extensively explored in the last decades,
analyzing the potentials and limitations of this technology when fed with natural salinity
gradients[1],[2] (e.g. seawater and river water or ultra-concentrated brines and brackish water) or
with artificial saline solutions, which has led to the development of closed-loop schemes where
deployed salinity gradients are regenerated and reused for energy production. In this latter
case, the regeneration step can be attained via either thermal evaporation of the solvent or thermal
separation of the salt, thus creating a RED Heat Engine[3],[4], able to convert low-grade heat into
electricity. A second option is to regenerate the salinity gradient via a second electro- membrane
step, in which electrical energy is used, thus switching the operation of the closed- loop RED system
to a “flow-battery” [5].
An overview of the activities carried out at the University of Palermo premises on open- and
closed-loop RED applications will be provided, highlighting potentials and limitations of this
technology and presenting the future perspective towards which further developments may lead in
the next decade.
References
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Parabens are organic molecules industrially used as antibacterial preservative in the
formulation of cosmetics and pharmaceuticals. Their common use allows them to be detected in
waters, being classified as endocrine-disrupting compounds whose bioaccumulation can
represent a threat for the ecosystems.[1] Photocatalysis is an interesting approach for the
elimination of these contaminants in water using semiconductors. In this sense, the use of metalorganic frameworks (MOFs) for photocatalytic environmental applications is receiving an
increasing attention in the last decades due to the possible modulation of the MOF properties by
means of the use of different metal clusters and organic building blocks.[2]
In this study, UiO-66-NH2 (a Zr-based MOF) was tested for the removal of methylparaben
(MP) in different water matrices (Figure 1a). Almost complete conversion was achieved after 1 h
of solar radiation in both distilled and river water samples, whereas the efficiency decreased in
the effluent of a wastewater treatment plant (WWTP) secondary treatment, most probably due to
the turbidity and the higher content of organic matter. A continuous flow study demonstrated the
high stability and steady performance of the MOF upon 25 h on stream. An oxidation mechanism
was proposed (Figure 1b), where O2•- and h+ are the species with the highest contribution. In this
regard, the likely energy positions of VB and CB in UiO-66-NH2, rationalized by means of
electrochemical characterization, agreed with that mechanism. The photocatalytic performance
of the MOF was also tested in the removal of ethylparaben (EP) and propylparaben (PP), being
observed that the efficiency was influenced by the length of the alkyl side chain.

Figure 1. (a) Evolution of MP conversion in different water matrices under solar light ([MP]0
= 3.3 mg·L-1 (after adsorption); 0.75 mg·L-1 of UiO-66-NH2, 600 W·m-2 of solar irradiation); (b)
Proposed photocatalytic mechanism of UiO-66-NH2. (Modified from[3])
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In this work, we aim to provide, in terms of circular bioeconomy, sustainable, safe, and
economically viable solutions to the massive use of bisphenol A (BPA) resins in food packaging
by the fabrication of multifunctional, high-performance coatings for metal containers from
inexpensive, underutilized agro-food by-products. In particular, pomaces resulting from the
industrial food processing of tomato fruits will be used as a bio-renewable resource of unsaturated
and polyhydroxylated fatty acids to fabricate biodegradable, bio-based lacquers by green and
large-scalable technologies (i.e., spray from aqueous solutions and free-solvent, non-catalyzed
melting polycondensation) for ecological and innocuous food packaging. This tomato pomacebased coating offers same benefits and properties than BPA resins, but it has been designed to
be fully non-toxic. Hence, main objectives are related to improve food security and contribute
toward agro-food productivity by revalorization of plant residues that are easily accessible in
specific rural areas from Extremadura and Andalusia.
Based in our previous studies about the fabrication of bio-based lacquers with a commercial
polyhydroxylated fatty acid [1,2], sustainable coatings for metal food packaging were prepared from
the above mentioned fatty acids present in tomato pomace. For this, three different metal
substrates, typically used for cans, were employed: aluminum (Al), chromium-coated tin-free steel
(TFS), and electrochemically tin-plated steel (ETP). The polymerization of the lipid fraction of
tomato pomace into a bio-based polyester was carried out by a solvent-free, meltpolycondensation reaction at 200ºC and different times (from 5 to 60 min in steps of 5 minutes),
finding that the metal substrates affect the esterification reaction. For the samples with the highest
degree of esterification, adhesion and hardness were determined by scratch tests and the values
were compared with other resins. Water and oil contact angles as well as the surface energy
depended on the metal substrate. The performance of the coatings against corrosion was studied
by electrochemical impedance spectroscopy at different immersion times in an aqueous solution
of NaCl. Considering the features of these bio-based lacquers, they can be potential materials for
bisphenol A-free metal packaging.
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The application of MNPs in solid-liquid separations is considered of great interest due to their
outstanding properties, worth to mention are their high specific surface area and ease of
functionalization which provides selectivity to the capture of target compounds, their chemical
stability, low intraparticular diffusion rate and, for particles below a certain diameter which is
material-dependent, their superparamagnetic behavior which allows the recovery of the particles
under the action of magnetic fields. Functionalized MNPs can be applied in the environmental
remediation field, as magnetic sensors to detect harmful chemical substances or as adsorbents
for the capture and separation of environmental pollutants from complex fluids, for example, toxic
metal ions. The success of these processes depends on the capture selectivity and rate, variables
that can be enhanced with the MNPs synthesis and functionalization steps[1]. This work reports a
highly efficient continuous procedure for the synthesis of functionalized MNPs and their
application to the capture of hexavalent chromium from aqueous solutions, selected as a model
compound that has been widely studied[2][3].
Conventional methods for the synthesis of MNPs present several hurdles, including the large
volumes of reactants and energy required, the difficulty of controlling operating conditions and the
poor reproducibility of the process. Therefore, there is a need to find new and more efficient
methods that allow a continuous production of the particles and a higher control over process
variables, such as residence time, mixing and temperature, to obtain smaller particle sizes and
narrower size distributions. The use of microfluidics appears as a promising technology to achieve
these requirements, providing additional advantages like the enhanced mixing due to microdevice
geometries, the small residence times, the reduced costs and the positive environmental effects
due to the low energy and reactants consumption [1]. The MNPs synthesis procedure studied in
this work consists of a co-precipitation reaction, followed by the surface functionalization of
particles with primary and secondary amino groups, both steps taking place in continuous mode
using a spiral shape microreactor (Circular section 3 mm, 400 mm length). The main properties
of the particles were characterized by establishing their composition with Fourier transform
infrared spectroscopy, measuring the particle size by transmission electron microscopy,
calculating their level of functionalization from data obtained with Thermogravimetric and BET
analyses, and determining the Z potential with dynamic light scattering techniques. Furthermore,
the capture efficiency of amino functionalized MNPs has been tested by means of experiments
for the removal of hexavalent chromium from aqueous solutions, the capture process has been
implemented in the previously described microreactor, and results have been compared to those
obtained in batch runs and with conventional commercial ion exchange resins technology.
Financial support from the Spanish Ministry of Science, Innovation and Universities under project
RTI2018-093310-B-I00 (MCI/AEI/FEDER, UE) is gratefully acknowledged. Belén García-Merino
also thank the FPI research grant PRE2019-089339.
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The occurrence of chlorinated organic compounds (COCs) from dense non-aqueous phase
liquids (DNAPLs) in groundwater is a major concern for the scientific community due to the
hazardous associated to this type of compounds. DNAPLs come from accidental spills, leakages,
or uncontrolled discharges in different industrial activities[1]. As a particular case, groundwater
contaminated by chlorinated compounds in two industrial landfills (Bailin and Sardas) in
Sabiñanigo (Spain) is considered here. High amounts of DNAPLs from lindane (hexachlorocyclohexane, -HCH) production were dumped in unlined landfills for several decades
in the twentieth century[2]. This DNAPL contains 28 different COCs, including different isomers of
hexachlorocyclohexane (HCH), being these compounds solubilized in groundwater[3]. For this
reason, it is necessary to develop clean and efficient technologies that allow to remove COCs
from water bodies.
In this context, this work focuses on the removal of hexachlorocyclohexanes (HCHs) in
polluted groundwater with dense non-aqueous phase liquids (DNAPLs) by photo-oxidation with
hydrogen peroxide or persulfate using LED visible light and ferrioxalate as catalyst. Results show
that it is possible to attain the degradation of HCHs up to 83 % in 420 min with persulfate whereas
percentages lower than 40 % are obtained when using hydrogen peroxide. The use of both
oxidants in the presence of ferrioxalate and LED visible light promotes the generation of hydroxyl
and sulfate radicals under circumneutral pH values, which are the main responsible species for
HCHs removal. HCH removal is favored by activated persulfate due to the sulfate radicals
formation. Furthermore, these species are more selective than hydroxyl radicals and favor the CCl bond cleavage by electron transfer in HCHs. On the other hand, DNAPL produced as liquid
residuum of lindane production contains other chlorinated organic compounds (COCs) which are
susceptible to be oxidized by hydroxyl and sulfate radicals, generating competitive oxidation
reactions. Aromatic COCs are easy degraded by both radicals, however, HCHs are only
completely removed when persulfate is used as oxidant. This better performance points out that
the photo-oxidation of DNAPL polluted groundwater with LED-vis light should be carried out with
persulfate to ensure the complete removal of COCs. This confirms the excellent ability of sulfate
radicals for C-Cl bond breakdown.
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Sites contaminated with residues from lindane production (HCHs) are a major problem of
concern in many parts of Europe. In recent years different soil remediation techniques have been
applied in order to remove and contain the contaminants. In situ chemical oxidation (ISCO) or
surfactant enhanced aquifer remediation (SEAR) have been very successful in removing the
dense non-aqueous phase liquid (DNPL) that also is present in the soil [1]. However, there are
silty regions where HCHs are strongly bound to the soil where traditional techniques do not
achieve any positive effect. At this point, electrokinetic remediation techniques appear as an
alternative due to the application of an electric field among electrodes sited in the soil can favor
the mobilization of the pollutant by means of electroosmosis, electromigration or electrophoresis.
Besides, other side processes can be also promoted such as dehalogenation due to the basic
front generated at the cathode as a consequence of the reduction of the water, or volatilization
due to the heating of the soil during electrokinetic treatment.
Taking into account the previous arguments, in this work has been study the mobility of the
several pollutants/species under controlled conditions (TRL4). The aim is to evaluate the
movement of the different species of interest in terms of diffusion coefficients and dragging
velocities within an electric field. To do this, a portion of contaminated silt is placed in the centre
of the mock-up surrounded by a “clean” silt matrix. This set of experiments has been carried out
to determine the magnitude of the electro-osmosis fluxes of the water contained in the soil and of
the washing fluids added during the treatment, as well as the electromigration and electrophoresis
fluxes of the different organic and inorganic species present in the soil. These values have been
estimated using a 1-D transport model due to their significance for scale-up the technology to be
applied in the real emplacement. The species selected were oxidants (permanganate,
peroxosulphates), carbon sources for microorganism (lactate), surfactants (SDS, EMULSE) and
HCHs polluted silty, in view of the future combination of the Electrokinetic remediation with other
traditional processes, such as ISCO, electro-bioremediation or SEAR, respectively. The results
showed that ionic compounds such as lactate, persulfate and sulfate (persulfate activation
product) present the highest effective velocities (0.54- 1.36 cm2 d-1), while HCHs obtained the
lowest values (approx. 0.15 cm2 d-1) for the species studied. In any case, the dragging velocities
are very small (below 1 cm d-1), which implies that the electrokinetic mobility processes are slower
than would be expected. Nevertheless, the HCHs concentration at the end of the experiment had
been reduced regarding the initial one in all the tests, so that other processes such as
dehalogenation or volatilization can be emerging.
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Fresh water has become increasingly scarce due to population growth and rise in demand. Many
technologies have been proposed over the years to solve this scarcity problem through
desalination and wastewater treatment and reuse. Among all technologies developed, membrane
filtration has been widely accepted due to its high performance, low cost and ease operation [1-3].
Graphene-based (GO) materials are being investigated for membrane separation, due to the
versatility and facile chemical modification [4]
GO membranes have prepared by vacuum-assisted self-assembly method (100 mbar) using a
commercial GO suspension. Membranes were characterized by optical microscopy, SEM, AFM,
DRX and XPS. The membranes were tested in a cross-flow filtration system at room temperature
with a transmembrane pressure of 2 bar and a flow rate of 2 mL·min-1 Solutions of solutes with
different molecular structure and size were tested: pyridine, phenol, nitrate, 2-naphtol and
disperse blue.
GO membranes with different GO loadings and different initial GO suspension were prepared. It
can be observed that GO covers homogeneously all the support surface and there is a good
adhesion of GO to Nylon support, leading to a stable GO membrane in aqueous media. GO
membranes with loadings of 200, 400 and 600 mg·m-2 showed an interlayer spacing of graphene
sheets of 8.24, 8.14 and 8.05 Å, respectively. The membrane with a load of 600 mg/m2 shows
the highest GO nanosheets packing density due to compaction and it is the most orderly packed.
The roughness of membrane surface increases with the GO loading according with AFM results.
The permeate flux in the filtration of the solutions of the three solutes studied decreased with the
GO loading, it can be related with a higher thickness of the membranes and higher roughness
surface [5]. The reject of solutes increases with the GO loading: for nitrate increased to more than
15 %, pyridine and phenol up to 35 and 40 % respectively. The effect of the initial GO dispersion
was also influence on the membrane properties and the filtration behavior.
GO membrane preparing with a GO initial suspension of 10 mg·L were subjected to UV-reduction
treatment. Non irradiated membranes showed a rejection value of disperse blue higher than 90%,
and relevant rejections for 2-naphtol (64 %) and phenol (19 %). The UV-reduction of formed
membranes resulted in the removal of oxygen surface groups, the staking of GO sheets and a
lower interlayer space and narrower pores, enabling increase the solute rejection to 83 % for 2naphtol and 48 % of phenol. The UV irradiation time was also analysed. UV-reduction shows a
high potential for tuning the properties of GO membranes and achieving high rejection of small
molecules. The combination of reduction and oxidation treatments of the membrane and its
influence on filtration properties was also studied.
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Polymeric membranes can be used in multiple fields, such as in drinking water production
and wastewater treatment, in membrane bioreactors and photocatalytic membrane reactors, or
for carbon capture gas separation, among others [1]. Non-solvent induced phase separation
(NIPS) is a technique used to fabricate polymer membranes, whose final morphology results from
the combination of thermodynamic and kinetic factors (Figure 1) [1]. There is a large number of
polymer/solvent/non-solvent ternary combinations, which usually implies the need of testing a
high number of experimental conditions in a trial-and-error procedure to achieve the desired
membrane morphology. So far, most models consider instantaneous equilibrium [2]. The omission
of the system thermodynamics in the model forces to fit the model with estimated parameters.
The availability of accurate predictive models valid for systems describing either delayed or
instantaneous demixing might become a key factor to develop membranes with tailored properties
for a broad range of applications typical in chemical engineering that could reduce experimental
time and organics waste production.

Figure 1. Modeling and validation methodology followed in this work
In this work, the thermodynamic equilibrium and kinetics are coupled in order to consider
the demixing delay that might occur in slow phase separation systems. Ternary systems
PVDF/NMP/Water and PCL/NMP/IPA with instantaneous and delayed demixing, respectively,
were analyzed (Figure 1). The model requires implementing a dynamic change in the space
domain and a set of decision equations based on thermodynamic equilibrium. This novel
approach allowed the qualitative prediction of heterogeneous asymmetric structure of the
PVDF/NMP/Water system and the homogeneous porous profile of the symmetric membrane
obtained from the PCL/NMP/IPA system. Particularly, the delayed demixing system required
higher computational time (tc) than the instantaneous demixing system. This methodology
highlights the relevance of thermodynamics, which is traditionally omitted in previous kinetic
models, on the morphology predictions. As another contribution of this work, an image processing
methodology was developed using MATLAB software to evaluate the porous membrane profiles
of scanning electron microscopy images. This tool was then used to validate the model
predictions.
Authors thank funding of X-MEM (PCI2018-092929 MCIN/AEI/10.13039 /501100011033),
PID2019-105827RB-I00/AEI/10.13039/501100011033 and FPI grant BES-2017-081112.
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Mª Carmen Gutiérreza, Miguel A. Hernández-Ceballosb, Pedro Márqueza and Mª Ángeles
Martína.
a

b

Dpto. Química Inorgánica e Ingeniería Química, Instituto Universitario de Nanoquímica
(IUNAN), Campus de Excelencia CiA3, Universidad de Córdoba, Córdoba (España).

Departmento de Física. Campus Universitario de Rabanales. Carretera N-IV, km 396, Edificio
Albert Einstein, 14071 Córdoba (España)
e-mail: mc.gutierrez@uco.es

Keywords: solid waste management, dispersion model, odoriferous impact, volatile organic
compound, meteorological conditions.
Population growth is associated with an increase in the number of citizens sharing
resources and hence the generation of large volumes of municipal solid waste (MSW).
Sustainable systems for treating MSW are essential to preserve air quality and the health
and well-being of the population. Furthermore, the use of closed facilities, in which odorous
emissions are collected to an efficient biofilter system for final treatment, are needed to prevent
emissions into the atmosphere from smelly emissions sources such as composting processes[1].
This study presents and describes the methodology used to estimate the impact of odour
and volatile organic compound (VOC) emissions from an urban waste treatment plant (UWTP).
The steps are as follows: (1) collection of gaseous samples at the UWTP chimney outlet to the
atmosphere after biofiltration steps; (2) olfactometric and chemical characterization of gaseous
samples; (3) identification of the main atmospheric dispersion patterns using air mass trajectories
and (4) modelling of the UWTP emissions using a dispersion model.
In the chimney outlet, the average odour emission was 1,700,000 ouE/s and the most
abundant VOCs identified were terpenes, ketones, alcohols and aliphatic hydrocarbons, with
concentrations between 8000 and 4000 µg/m3. The air mass trajectory analysis identified six
airflow patterns from the UWTP, with a clear seasonal distribution (Figure 1). The percentages
indicate the frequency of occurrence
of each flow pattern in the whole
period. The simulation of the
dispersion revealed that Tarrasa
was the most affected municipality,
enduring odour and VOC impacts of
approximately 4.0 ou/m3 and 3.5
µg/m3 (in summer, wind speed =
1.51 m/s). Although these values
are not relevant for the safety of
humans, they do deteriorate air
quality.
Figure 1. a) Centroids of the trajectory clusters identified for
96-h forward trajectories departing at 500 m above ground
level for the study period. b) Zoom-in on the first 12 hours.
Acknowledgments:
This work was performed with the financial support of the MCIN/AEI (PID2020-117438RB-I00).
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In the need to achieve ultra-low NOx emissions on light diesel vehicles NOx storage and
reduction (NSR) and NOx selective catalytic reduction (SCR) still remain under the most promising
solutions. With the NSR technology, a limited NOx storage capacity is achieved and some NO
may leave the converter, and also NH3 may release during the regeneration of the trap, especially
if H2 is used as reductant[1]. However, an NH3-SCR catalyst placed downstream of the NSR trap,
if appropriately tuned, can complete the reaction between NO and NH3, much increasing the
pollutant removal efficiency[1]. In this work, the hydrothermal resistance of combined NSR-SCR
catalytic system is investigated with both fresh and aged monolith catalysts under simulated
cycled lean-burn environment.
Both 4% wt. Cu/CHA (as SCR catalyst) and monometallic or bimetallic 1.5%wt. Pt/Pd-15%
wt. Ba/Al2O3 samples (as NSR catalyst) were prepared by washcoating 64 cpsi cordierite monolith
following the procedure described elsewhere[1]. All prepared samples have been texturally and
chemically characterized as powders by ICP-AES, N2 adsorption-desorption, XRD, H2-TPR, NH3TPD, NO-TPD and XPS before and after submitting the samples to accelerated aging under 5%
H2O in Ar during 16 h at 750 °C. The NOx storage-reduction experiments for the single-NSR and
coupled NSR-SCR configuration were also described elsewhere[1].
Figure 1 shows a) NOx conversion, b) N2 yield and c) NH3 yield for fresh coupled NSRSCR system as well as after aging using only monometallic NSR catalysts, as a function of the
reaction temperature. On one hand, fresh Pd-based catalyst promotes DeNOx activity in the
whole temperature range over Pt-based NSR catalyst, due to the higher metal dispersion
observed by H2 chemisorption (25.6 vs. 17.6%), attaining NOx conversion values about 95% at
intermediate temperature. Similarly, Pd-based catalyst showed the highest N2 production at every
temperature, except for around 220 ºC, where the excess production of NH3 (Figure 1c) penalizes
the N2 yield. However, a lower H2 concentration during the rich period reduces this problem (not
shown). On the other hand, with the Pt-based catalyst, a negligible amount of NH3 is produced at
200 °C and above at the exit of NSR-SCR configuration. Also, for both catalysts, very few amount
of N2O at any temperature, and small quantity of NO2 is produced only at highest temperatures
(not shown). Regarding aged catalysts, although Cu/CHA catalysts presented high hydrothermal
stability[2], in NSR catalysts the presence of Pd penalized hydrothermal stability to a greater extent
in comparison with the Pt-Ba/Al2O3 catalyst, which is directly related to the dispersion of the noble
metal measured by H2 chemisorption (4.5 vs. 5.2% for Pd and Pt-based catalysts, respectively).
The performance of bimetallic Pd/Pt NSR catalysts showed similar behavior to those observed
on monometallic catalysts, i.e. higher NOx removal on highly loaded Pd samples and higher
hydrothermally stable behavior on Pt-based catalysts.

Figure 1. Aged and fresh monoliths’ a) NOx conversion, b) N2 yield and c) NH3 yield.
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BRINE CONCENTRATION AND TEMPERATURE.
P.Ugartea, J.A.Peñaa, M.Menéndeza, M.Canob, J.Pérezb
a

Aragon Institute of Engineering Research,Universidad Zaragoza, 50018 Zaragoza, Spain
b

Industrias Químicas del Ebro S.A. Grupo IQE. 50016, Zaragoza, Spain.
e-mail: pugarte@unizar.es

Keywords: membrane distillation, air-gap, brine concentration, modeling
Sulfuric acid and sodium silicate solutions react in the production of precipitated silica by a wet
method (r·SiO2·Na2O + H2SO4 → r·SiO2 + Na2SO4 + H2O) producing precipitated silica and large
volumes of brine. Within the context of the circular economy, the concept of zero liquid discharge
has been applied to reduce brine discharge, minimize water consumption and recover sodium
sulfate as a valuable product. To achieve these goals in the precipitated silica manufacturing
process, the combination of three techniques has been evaluated (reverse osmosis +membrane
distillation + crystallization). This study investigated the concentration of Na2SO4 brine using air
gap membrane distillation (AGMD) technology. In AGMD the membrane module contains a
stagnant air gap between the membrane and the condensation surface. The temperature
difference between feed brine solution and the cold surface is the driving force for evaporation
water. The hydrophobic membranes used in membrane distillation only allow water vapour
molecules to pass through membranes pores [1]. An AGMD pilot plant provided by Apria Systems
with a flat sheet membrane module with an effective area of 0.025 m2 was used to carry out brine
concentration from 20 to 270 g/L. In addition, the effect of brine concentration and feed
temperature on flux were analyzed. As can be seen in Fig 1.a an exponential variation permeate
flux with the feed temperature was observed. This behaviour is due to the exponential increase
of the vapour pressure of the feed brine with temperature. On the contrary, vapor pressure
diminishes when brine concentration increases, showing a decrease on permeate flux (Fig 1.b).
Very low values for permeate conductivity were achieve in all cases (1 – 12 µS/cm), reaching
values close to 100% for salt rejection factor. A 1-D model for flat sheet type AGMD module has
been developed. MATLAB software has been used to solve mass and heat balances to predict
the permeate flux [2]. The model predictions are strongly correlated with the experimental data
as Fig.1 shows.
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Figure 1. Effect of a) brine concentration and b) feed temperature on permeate flux
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Microfluidics have recently attracted great attention among the scientific community due
to their unique capabilities in the control of molecules concentration in space and time offering
new opportunities in multiple fields, with liquid phase reacting systems among them [1]. However,
the performance of these devices must be improved when very fast reactions are carried out and
the results could be compromised by the poor mixing efficiency of the reactants [2].
This work, aims to report a holistic analysis of the reactants mixing and chemical reaction
rate in liquid phase flow micro-reactors with curved geometries based on both, a numerical
analysis and experimental evidences. In this sense, a mathematical model that accounts for
momentum and mass conservation equations, together with species transport and chemical
reaction rate under isothermal conditions has been developed using computational fluid dynamics
techniques (CFD).
To validate the predictive model, four micro-reactor geometries with different radius and
curved length (straight reactor, two types of serpentines and an Archimedean spiral) have been
evaluated. Simulated results proved that mixing is promoted through the formation of Dean
vortices, consequence of reducing the curvature radius and at the same time increasing the
curved length. Thus, the overall performance of the micro-reactor improves because mass
transport limitations are minimized and the process kinetics are greatly enhanced. Accordingly,
the spiral micro-reactor reported the best performance (Fig. 1.a) by reducing by half the time to
achieve 95 % conversion when compared with the straight reactor.

Fig. 1. a) Ammonium conversion as funtion of the residence time in the micro-reactors and b)
parity plot with a ±10% error between the experimental values and the mathematical model
simulations for different micro-reactor geometries.
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BINDERLESS ZrO2/HZSM-5 FIBRILLAR COMPOSITE BY
ELECTROSPINNING FOR THE DIMETHYL ETHER-TO-OLEFINS PROCESS
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The upscaling of zeolitic materials to technical catalysts implies the formulation of the active
phase with inert fillers, binder and alumina matrices that most of the time affect process variables
as product distribution or catalyst lifetime [1]. As an alternative to agglomerated catalysts for
packed bed applications, we herein present fibrillar composites where zeolite nodes (HSZM-5)
are connected through inert ZrO2 fibers (Fig. 1a). The preparation of the composites consisted of
electrospinning of a precursor solution of zirconium acetate, polyvinylpyrrolidone (PVP) and the
zeolite in ammonium form, followed by a calcination in air at 500 ºC [2].
For zeolite loadings of 5, 10 and 20 wt% and zeolites with SiO2/Al2O3 ratio of 30, 50 and
80, smaller zeolite nodes than 1.5 µm well dispersed in the composites have been observed (Fig.
1b). The ZrO2/HZSM-5 composites were tested in the dimethyl ether-to-olefins (DTO) process,
an exothermic reaction with a complex network and side reactions. DTO runs were carried out at
400 ºC, 1.5 bar (1 bar DME) during 10 h and using 100 mg of composite in a typical experiment.
Composites with different zeolite loadings allowed analyzing the effect of the zeolite space time,
with the fastest deactivation but the maximum olefin selectivity (ca. 70%) observed for the
composite with 5 wt% zeolite (Fig. 1c). The extent of side reactions increased when the amount
of zeolite was increased, with a clear drop of the primary products (olefins, O in Fig. 1d).
Deactivation and product distribution were also found to strongly depend on zeolite density of acid
sites. A comparison with an agglomerated catalysts suggests that secondary reactions are limited
with the composite configuration due to the distance between the particle size, which can also be
advantageous for reaction heat removal.
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Fig. 1. (a) Zr-Si EDXA mapping and (b) TEM image of the composite fiber. (c) Evolution with time
of DME conversion and (d) product distribution obtained with composites of different zeolite
loading (green: light olefins; blue: long HC; grey: light paraffins; orange: BTX aromatics)
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P. Cabrera-Reyes,a J. Palomo, F. J. García-Mateos, R. Ruiz-Rosas, J. M. Rosas, J. RodríguezMirasol and T. Cordero
a

Universidad de Málaga, Andalucía Tech, Departamento de Ingeniería Química, Escuela de
Ingenierías Industriales, Campus de Teatinos s/n, 29010 Málaga, España
e-mail: paulacabrera@uma.es

Keywords: steam reforming, phosphorus, activated carbon, pyrolysis, pistachio shell
Hydrogen production from steam reforming (SR) of the liquids resulting from biomass waste
pyrolysis with nickel catalysts is a sustainable alternative for decarbonization. Chemical activation with
H3PO4 provide activated carbons (ACs) with high surface area and porosity development, improved
surface oxidation/gasification resistance and acid character due to the presence of stable surface
phosphorus groups. In addition, they can be prepared from the same biomass waste making them
sustainable supports for steam reforming Ni catalysts. However, little is known about the role of surface
P groups on the activity of nickel. In this work ACs, with different amounts of P, have been used as
support for steam reforming Ni catalysts in order to study the effect of P on the catalytic activity and
stability.
Pistachio shell (PS), a non-edible agroforestry waste, has been used as feedstock for both the
preparation of the activated carbons (ACs) and the pyrolysis liquids. P-containing AC was obtained by
chemical activation of PS with 3:1 acid to precursor mass ratio and activation temperature of 500 ºC,
named PS3P sample. The amount of surface P in PS3P was partially decreased by hydrogen
treatment at 600 ºC for 4 h (PSLP sample). P-free AC was also prepared by CO2 physical activation of
PS at 800 ºC for 3 h (PSG sample). 10 % wt. Ni nominal loading were supported onto the ACs by the
incipient wetness impregnation method with Ni(NO3)2·6H2O and thermal annealing in N2 atmosphere
at 700 ºC for 2 h. The resulting catalysts have been evaluated on SR of a mixture of oxygenated
hydrocarbons (ethanol, acetone and acetic acid) usually found in pyrolysis liquids. Each of them were
fed with a 0.75 % volume concentration, while the steam to carbon ratio was set on the stoichiometric
value. The reaction was carried out in a fixed bed tubular reactor at a temperature ranging from 500 to
800 °C and using a space time of 50 gcat·s·mmol-1.
All the catalysts have different P amounts and share similar ABET and microporosity (Vmicro, Table
1); however, mesopore volume (Vmeso) is larger in P-containing catalysts. SR of model compounds
started to be relevant at 500 ºC for the three catalysts, showing the formation of hydrogen along with
CO, CO2, methane and ethylene as the main products, Figure 1. These carbon compounds and H 2
yields are referred to carbon and hydrogen in the inlet, respectively. The H2 yield at low TOS seems to
be negatively impacted by the presence of P (H2 yield1h, Table 1). However, as TOS increased to 15 h
(H2 yield15h), P-free catalyst faced severe deactivation, which was not found on P-containing PS3P
catalyst. This feature seems to be related with gasification of the carbon support, which is hindered in
the presence of surface P groups. Therefore, the presence of P seems to be beneficial for the stability
of AC-based Ni SR catalysts, which could otherwise suffer of surface gasification during SR operation.
Table 1. Characterization and SR performance at 700
°C of AC catalysts
H2
H2
Sample ABET Vmicro Vmeso PXRF
yield1h yield15h
m2 cm3 g- cm3 g- %
g
g
1
1
g-1
wt H2/gH,feed H2/gH,feed
PS3P 985 0.32 0.82 0.50
0.11
0.16
PSLP

935 0.32

0.73 0.25

0.24

0.16

PSG

940 0.36

0.06 0.00

0.29

0.13
Figure 1. PS3P yields at different T (TOS: 1 h)
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The enormous growth of global population is causing an increase in wastewater volume.
In this scenario, wastewater treatment plants (WWTPs) have to adapt their technologies to the
current population requirements, including the management of high amounts of sewage sludge
(SL), for which treatment is mandatory according to the current regulation. SL represents a
reservoir of nutrients with a high content of organic and inorganic matter, being mainly valorized
through composting as organic amendment to enhance agricultural production[1]. In this study, we
propose the valorization of sewage sludge (SL), which is generated in a WWTP with rotating
biological contactors (RBC) as biological treatment, through its conversion into activated carbons,
identified as RBC-SL.
A possible application of valorized RBC-SL is the use of its derived activated carbons for
energy storage. The use of high surface area carbons as conducting matrix for Li-S cathodes is
enabling this technology, for which a wide variety of biomass precursors such as almond and
pistachio shells or beer brewing residues have been previously proposed[2]. Most, if not all, of
these precursors have other competing applications as cosmetics or food additives or as food for
animals and, although these carbons exhibit excellent properties for their use as cathode
conductive matrices in terms of chemical composition and textural properties, RBC-SL is a novel
carbon source with no high commercial value.
Li-S battery cathodes require activated carbons with large specific surface area and a
micro-mesoporous structure. In order to meet these requirements, RBC-SL was dried, mixed with
a solid activating agent at 3:1, 2:1 and 1:1 ratio (RBC-SL:KOH) and carbonized at different
temperatures (600ºC and 800ºC) under inert atmosphere. The resulting carbons were then
purified with hydrochloric acid solution (6 M), exhibiting up to 850 m2/g surface area, which
enables their potential use as sulfur host. Composite materials using the obtained activated
carbons and elemental sulfur have been prepared, with a mass ratio of 70 to 30 wt% sulfur to
carbon, using different techniques. Those composite materials have been tested as cathodes for
Li-S batteries and compared to a standard activated carbon used in the literature. The
electrochemical performance of Li-S cathodes prepared from RBC-SL derived activated carbons
is discussed in terms of specific charge, coulombic efficiency, specific charge retention and rate
capability at high current densities.
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The waste effluents generated in the copper production industry are a source of valuable
resources in the form of impurities. Among others, these effluents contain antimony, bismuth, iron,
and arsenic in low concentrations. The present study is focused on the recovery of Sb from a
waste effluent generated in the electrorefining of the copper anode. The selected electrochemical
technique for this purpose is electrodeposition because of its selectivity. That is, it is possible the
individual separation of metals based on their different reduction potential.
Electrodeposition tests have been carried out in galvanostatic mode at various current
densities. For the experiments, a stirred batch reactor has been employed. The solution emulated
the waste effluent: 2mM of Sb and 6 M of HCl. The substrate used as cathode was a flat sheet of
copper with an effective area of 36.4 cm2. The counter electrode was a DSA (dimensionally stable
anode) of titanium, and the reference electrode was a silver/silver chloride electrode.
The evolution of the antimony concentration at different applied current densities is shown
in Figure 1. This evolution is linear when the applied current density is -0.125 mA·cm-2. The
quantity of deposited Sb improves when the current density increases up to -1.250 mA·cm-2, and
the concentration evolution turns into exponential when the critical time is reached; in other words,
when the applied current density exceeds the actual limiting current density of the system. When
the limiting current density is overtaken, the hydrogen evolution reaction and the generation of
chlorine at the anode gain importance. As a consequence of the unwanted reactions, the deposit
of Sb is detached from the cathode and redissolved. Consequently, at current densities higher
than -1.250 mA·cm-2, the deposition of Sb gets worse.
a)

b)

Figure 1. Evolution of the relation between antimony concentration and initial concentration
with time at various applied current densities. a) -0.125, -0.625 and -1.250 mA·cm-2. b) -1.250, 1.875 and -2.500 mA·cm-2.
The authors thank the financial support from the Agencia Estatal de Investigación (AEI)
(Spain) under the project PCI2019-103535.
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Chlorinated organic compounds (COCs) are persistent organic pollutants (POPs) present in
groundwater from industrial sites or in industrial wastewater effluents [1]. A common remediation
strategy for these waters is the adsorption of these COCs on activated carbon, resulting in toxic
waste management. To avoid the transport of these wastes, on-site regeneration of spent
activated carbon for reuse can be considered to implement a circular economy. To achieve carbon
reuse, the regeneration of spent carbon by thermally activated sodium persulphate (TAP) was
studied. Previously, this COCs were successfully removed from the aqueous medium using the
TAP process [2], so in this work, the regeneration of a commercial granular activated carbon
(GAC) saturated in 1,2,4-trichlorobenzene (124-TCB) was carried out, initially saturated with 350
mg124-TCB·gGAC-1.
The regeneration of saturated GAC was studied using the TAP process in a temperature range
from 20 to 80ºC, always maintaining an initial PS concentration of 166 mM. The adsorption
recovery capacity (RC) and persulphate consumption were studied after 180 min. These
experiments determined that the best regeneration ratio and PS consumption results were
obtained at 60ºC. Selecting the latter temperature, three successive adsorption-regeneration
were accomplished with a washing step at 60 °C, to remove the sulphate deposited in the GAC
surface. The results of RC and PS consumption were summarized in Figure 1. After this, the
regeneration treatment achieved a stable and high recovery of the initial adsorption capacity of
approximately 0.48 to 0.53. For each cycle, the oxidant consumption did not reach 0.3. In addition,
the physicochemical changes of GAC before and after the regeneration treatments were also
deeply investigated.
1.0

1.0

b)

0.6

0.6

0.4

0.4

0.2

0.2

0.0

C1

C2

60 min
180 min

0.8

XPS

RC

a) CGAC-S = 5 g·L-1
0.8
CPS,0 = 166 mM
T = 60ºC

0.0

C3

C1

C2

C3

Figure 1. RC and PS conversion (XPS) of GAC-S after three regeneration/adsorption cycles with
washing step. Experimental conditions: CPSo= 166 mM, CGAC-S= 5 g·L-1, T= 60 ˚C.
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ENERGETIC AND ENVIRONMENTAL APPLICATIONS
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The work considers new applications of hazardous wastes generated during secondary
aluminum melting processes. The composition of the saline slags is very heterogeneous including
fractions of non-metallic products (20 to 50 wt.% of various oxides), metallic aluminum and flux
brines that restrains its application. Partially, saline slags have been recovered producing new
liquid and solid wastes requiring further recycling or disposing in landfills. The present study
considers aluminum saline slags as alternative aluminum source for the synthesis of
nanomaterials for their further application as adsorbents and catalysts in environment protecting
technologies, removal by adsorption of organic pollutants and synthesis of syngas from biogas.
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Strategies associated to find new ways of nutrient recovery (mainly N, P and K) for fertilizers
production have become a concern by the agricultural sector, which seeks to reduce the exploitation
of non-renewable natural resources. Nutrient recovery from process water obtained by hydrothermal
treatment of wet biomass with high mineral content (e.g. sewage sludge or food waste) could help to
overcome these challenges. In the hydrothermal treatment wet feedstock is treated at about 170250ºC under self-generated pressure, obtaining a value-added aqueous solution (process water)
containing inorganic salts and organic compounds, a carbonaceous solid with similar properties to
lignite coal and a gaseous stream consists composed mainly of CO2 [1].
The aim of this study is to optimize the operating conditions of the hydrothermal treatment
(reaction temperature (170-230ºC), residence time (5-60 min), addition of acid (0.1-0.5 M HCl)) of
several biomass wastes (secondary sewage sludge, digested sewage sludge, food waste and chicken
meat and bones meal) to recover N, P and K from the process water.
Table 1 shows the nutrient distribution in the solid and liquid products at the optimum operating
conditions. P release in the process water was mainly influenced by pH and residence time, while N
solubilization is mainly influenced by temperature. The addition of HCl during HTC is required to
achieve a high solubilization of N and P as NH4+ and ortho-PO43-, respectively, being necessary to
carry out a strict control of the reaction time, especially in the case of secondary sludge, to avoid
recrystallization of P in the solid [2]. The addition of 0.5 M HCl was necessary to promote the leaching
of nutrients into the process water. For sewage sludge (94% P, 99% N and 96% K solubilized after 15
min), and digested sludge (90% P, 99% N and 66% K after 60 min) the optimal temperature was 230ºC.
In the case of food waste (98% P, 99% N and 98% K), and chicken meat and bones meal (95% P,
99% N and 99% K) the best operating conditions were 170ºC at 60 min. These results show that the
feedstock influences nutrient release, with more severe conditions being necessary to transform
sludge-derived biomasses, due to their high amount of inorganics (mainly Al and Fe) compared to food
waste and chicken meat and bone meal.
Table 1. Nutrient distribution in the products obtained by hydrothermal treatment (g/kgfeedstock, d.b.)
Feedstock

Solid

Process water

Operating conditions
N
Sewage sludge
Digested sewage sludge
Food waste
Chicken meat and bones meal

230ºC-0.5 M HCl-15
min
230ºC-0.5 M HCl-60
min
170ºC-0.5M HCl-60
min
170ºC-0.5M HCl-60
min

P

K

N

2.9

63.0

0.8 2.9 11.2

55.4

5.0 1.2

-

0.1

0.5

31.1

-

1.4

-

79.5

NNH4+
8.2
26.1
5.9
13.4

P

K

19.6 67.1
25.5 21.2
5.4

37.5

25.4

5.1
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FUMARIC ACID PRODUCTION ON A BIOREFINERY PROCESS:
AGROWASTE SELECTION AND BIOREACTOR IMPLEMENTATION
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Platform chemicals production via biotechnological processes allows for the valorisation of
agro-food industry wastes and are well framed within the concept of biorefinery, coupling industrial
production with environmental sustainability and implementing green economy industrial
strategies. Based on these ideas, petroleum alternative processes are being investigated thought
the use of renewable raw materials [1]. Fumaric acid presents promising applications in different
industries such as food, pharma or medical, and it is considered as a building block, obtaining
from it a wide range of different products. New applications on polymer industry stand out
permitting to produce new materials with remarkable properties [2], in particular for packaging.
For all these reasons, fumaric acid has been nominated as a one of the top 12 value added
chemicals to be produced on a biorefinery process [3].
For this purpose, a fermentative pathway has been studied, performed by Rhizopus
arrhizus NRRL 1526, a filamentous fungi selected as the best natural producer. Operation
conditions of the process have been analysed focusing on the evolution of dissolved oxygen and
nitrogen source to understand the behaviour of the fungi along the process, and how they affect
to the production yield.
As it seems that some metabolic pressure must be applied to reach higher production
yields, this pressure has been introduced by reducing the availability of (NH4)2SO4, the only
nitrogen source employed, or available O2 in the fermentation broth.
Once the bioprocess costs are reduced by selecting an inorganic, thus economic, nitrogen
source, glucose and fructose are to be supplemented or substituted by different fractions of fruit
wastes from juice industries to further improve the economics of this bioprocess and, at the same
time, valorised such biowastes. In particular, an apple pomace enzymatic hydrolysate has proved
to be the one allowing for the highest productivity. In this context the role of nitrogen has been
studied again to check its influence on the fungal production of fumaric acid.
Finally, looking for the industrial implementation of the process, a non-structured, nonsegregated kinetic model has been proposed for being able to understand, simulate and predict
the behaviour of the fungi and the bioprocess itself, including the effect on the kinetics of several
key operational variables [4].
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Petroleum-based plastics are the predominant materials for different applications such as
food packaging, construction or agriculture [1]. They offer good physical properties, chemical
inertness, easy processing, high versatility, and low weight together with very attractive
production costs. However, depletion of fossil sources, their fluctuating prices, the environmental
problems derived from the pollution of oil extraction, monomer synthesis, and plastic production,
and the massive use of plastics is driving the industry sector towards more sustainable and
renewable options, being cellulose a realistic alternative.
In this work, we present an overview of different approaches to improve cellulose
properties. First, chemical modification of cellulose by esterification with different carboxylic acids
such as 9,10,16-hydroxyhexadecanoic (aleuritic) acid, a multi-branched fluorinated acid, and a
linear short-chain fluorinated acid are shown [2-4]. The resultant bioplastics are fully characterized,
showing interesting properties for different fields such as the textile sector or the food packaging.
On the other hand, instead of using chemical reactions, we have demonstrated the possibility to
enhance some weak properties of cellulose such as mechanical or barrier properties by blending
it with other materials. In particular, we prepared cellulose blends with different vegetable wastes
(parsley and spinach stems, and cocoa and rice pod husks), polyvinyl chloride (PVA), seaweeds,
nanocellulose, and naringin [5-8]. In general, mechanical and barrier properties were improved at
the same time as other emerging properties such as antioxidant capacity and anti-inflammatory
activity were observed in some specific cases. Finally, the biodegradability of these materials
were tested by immersion in seawater, demonstrated their complete degradation in short time
periods. In view of the results, these bioplastics have been proposed as potential substitutes of
petroleum-based plastics in applications such as food packaging and biomedical applications.
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Glycerol has become an industrial waste of scarce value due to the exponential growth of
biodiesel production, giving rise to negative consequences, both economic and environmental.
Therefore, some authors(1) have proposed using glycerol as a raw material to produce glycerol
carbonate, a derivative of high commercial interest, because it is biodegradable, non-toxic and
potentially can be used in interesting applications, e.g.: as a biofuel additive, or as a green solvent
in organic synthesis. The most promising chemical route for its production is the transesterification
with dimethyl carbonate (DMC), generating methanol (MeOH) as a by-product.(2) For the process
to be economically viable on a large
scale, it is necessary to recover the
unreacted DMC, separating it from the
methanol generated. However, both
form an azeotrope, being an
impediment to the industrial production of glycerol carbonate as mentioned.
In this work, the result of an extractive distillation process is evaluated to separate DMC
from the final compounds of the mentioned reaction, using several acetates, such as butyl or
pentyl acetate, as entrainers. Esters are biodegradable and biocompatible compounds, which can
be obtained through sustainable processes,(3) being less toxic than other conventional entrainers
used for the same purpose, such as aniline or phenol, toxic derivatives from petroleum. The
technical and economic feasibility of this separation process is studied following a sequence of
tasks based on experimentation↔validation/modeling↔simulation.(4) Therefore, the
experimentation consisted in obtaining isobaric vapor-liquid equilibrium data, which gives rise to
an adequate thermodynamic model, implemented in a specialized software in order to simulate
the extractive distillation process. The simulation results prove the effectiveness of several of the
esters used, showing that the established process makes an interesting contribution to the
sustainable production of glycerol carbonate. One of the most valued conclusions is to consider
the esters studied here as entrainers, making more sustainable the DMC separation process by
the corresponding extractive distillation.
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The valorization of aqueous fraction of bio-oils (AFB) is an important drawback in the
biomass exploitation through pyrolysis process due to its high moisture content (80-90 %) and
variable composition in water-soluble compounds. This work explores the potential valorization of
AFB by aqueous-phase reforming (APR) achieving both the production of a gas stream rich in H2
and/or light alkanes and the organic matter (OM) removing from the water stream.
As model compounds usually present in AFB, levoglucosan (LV), acetol (hydroxyacetone,
HA), furfural (FF) and acetic acid (AA) have been used. APR of each one was individually tested
in batch operation mode using a catalyst with 3%w Pt supported on carbon black ENSACO250
and 1-4 h of reaction time, studying the influence of operating temperature and OM concentration
on the Total Organic Carbon conversion (XTOC), carbon yield to gas product (CC) and selectivity
to H2 and alkanes. Finally, the catalyst stability was evaluated by reuse for 5 four-hours reaction
cycles using LV as representative compound.
As a result of preliminary tests series, 220oC and 1%w OM were selected as optimal
operating conditions due to the sharp decrease of catalytic activity observed at different values of
these variables. As can be seen in Figure 1 and Table 1, after 4h at selected conditions, XTOC
conversion of 80-90 % was observed for LV, HA and FF while below 70% for the case of AA. On
the contrary, the CC for the first three compounds was 25-40 % but as high as 68% for AA.
Highest values of H2 production were achieved for HA and LV (52 ad 15 mmol/gTOC,
respectively). No significant H2 production was observed for FF and AA but of propane (6.2
mmol/gTOC) and methane (30.9 mmol/gTOC), respectively.
Table 1. Gas production (mmol/gTOC) for different
model compounds after 4h reaction.
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Figure 1. XTOC and CC for model
compounds after 4h reaction.

As depicted in Figure 2, the
catalyst was revealed as very stable,
remaining to 74% XTOC and 40% CC
after 5 reaction cycles. In addition, H2
production increased from 16 to 35
mmol/gTOC while a constant alkane
production of 4 mmol/gTOC was
obtained.
Figure 2. XTOC and CC for LV during 5 reaction cycles.

The results obtained are similar or higher to those reported for typical APR substrates
(sugar polyols, glycerol, glucose, etc.) so it can be concluded that AFB can be successfully
valorized by APR.
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These are difficult times for refineries today. The increasing demand of fuel products, the
progressive decrease of the crude quality, the growing consumption of plastics and other
petroleum products worldwide, and the investments decrease in fossil fuels due to the accelerated
energy transition, are the main problems of refineries. [1] To deal with them, refineries have
started renovating themselves. Using their infrastructure as a waste refinery to reduce plastics
waste with a previous pyrolysis step, blending these waxes with some petroleum fractions to treat,
and developing new high-performance catalysts, are part of this renovation. [2] This study is a
step in fuel production from the blend of fast pyrolysis waxes and vacuum gas oil (VGO), focusing
in the developing of NiW catalysts supported on Y zeolites, making a catalyst screening according
to its performance in pyrolysis waxes hydrocracking. [3] For this purpose, Y zeolites with different
acidity were chosen (Y-CBV 712, Y-CBV 780).The runs
Dry Gas
LPG
Naphtha
were carried out in a semi-batch reactor at 420 °C, 80
LCO
HCO
Coke
bar, 1300 rpm, catalyst to oil mass ratio 0.1 gcat gcharge-1,
and 2 h of reaction time, feeding pyrolysis waxes of 70100
515 ºC boiling temperature range. Products have been
90
grouped in the following lumps: Dry gas, Liquefied
Petroleum Gas (LPG), Naphtha, Light Cycle Oil (LCO),
80
Heavy Cycle Oil (HCO), and Coke. The product
70
distribution can be seen in Figure 1. On one hand,
NiW/YCBV712 HCO conversion is almost the 100%, but
60
also has the largest gas and coke yield, being undesired
50
products. On the other hand, NiW/YCBV780 also has a high
HCO conversion but with lower gas and cocke yield. It
40
can be seen a difference in product distribution caused
30
by the different acidity of the catalysts (NiW/YCBV712 ca.
0.56 mmolNH3 gcat-1, and NiW/YCBV780 ca. 0.19 mmolNH3
20
gcat-1). This acidity difference, as well as the superficial
10
properties, is caused by the different Si/Al ratio of the
supports (Si/AlCBV 712 = 12; Si/AlCBV 780 = 80). Liquid
0
product composition in both catalysts is very similar. In
NiWYCBV712
NiW/YCBV780
naphtha products, parafins are around 65 wt% of the
Figure 1-- Product distribution for
total, while aromatics are around 15 wt.%. LCO
pyrolysis waxes hydrocracking with
composition is also similar to that of naphtha, being
NiW catalysts.
paraffins 67 wt.% of the total, and 12 wt.% aromatics.
This means that support acidity has not really an influence in liquid product composition and it is,
therefore, mainly influenced by the metal content of the catalysts. As conclusion, with no
differences in composition for both catalysts we have to look at product distribution to choose the
best option. Being gas and coke the undesirable products, the NiW catalyst supported with the
Y-CBV 780 zeolite is the best option when only pyrolysis waxes are treated. The lower acidity of
this catalyst allows to obtain a higher yield in naphtha and LCO lumps.
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Fabrication of doped porous nanocarbons with precise structure control and porosity
remains a challenge. Doping carbons with heteroatoms expands the range of applications,
especially in energy storage, and particularly, co-doping with sulfur and nitrogen improves
electrochemical performance1. Moreover, the large specific surface area makes these materials
interesting for environmental applications such as purification and storage of gases and
adsorption of metals and organic compounds2.
In this proposal, block-copolymers of polyacrylonitrile (a carbon forming polymer) with
poly(methyl methacrylate) (sacrificial block), PAN-b-PMMA, were used as precursors of porous
carbons. Their peculiar phase-separation properties entail a self-templating function and a greater
precision in the formation of the carbon matrix. In addition, the influence of the monomer ratio in
the copolymer PAN/PMMA (10/90 to 43/57) on the carbon structure and gas adsorption was
studied. The carbonization process consists of two continuous stages, one ARat 280ºC which
stabilizes the PAN structure, and another at 800ºC where the PMMA is completely depolymerized.
S co-doped carbons were also manufactured following the same process described above. The
characterization of these materials was carried out by XPS, BET surface area analysis, SEMEDX, FTIR and RAMAN spectroscopy. EDX and XPS analysis confirmed the incorporation of S
in the carbon structure. On the other hand, FTIR and RAMAN corroborate changes in the
functional groups. Different structures with larger pore sizes in the carbon with a higher proportion
of PAN in the copolymer are devised by SEM (see e.g., figure 1).

b

a

Figure 1. SEM images of a) porous carbon of PAN-b-PMMA with ratio 19/81 (PAN/PMMA), b)
porous carbon of PAN-b-PMMA with ratio 24/76 (PAN/PMMA).
Adsorption experiments with CO2 and N2 were performed at three temperatures (0, 25,
and 50ºC). The results show that increasing the temperature reduces the adsorption of both
gases. S-doping also influences adsorption, N,S-codoped carbons show higher CO2 adsorption
capacity than undoped ones, which is due to pore size distribution and the chemical and physical
adsorption. As a preliminary conclusion, both, the ultramicroporosity (< 0.7nm) achieved and the
co-doping create highly selective materials for CO2 adsorption.
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NON-DISPERSIVE ABSORPTION-DESORPTION CO2 CAPTURE USING
IONIC LIQUIDS AND VACUUM REGENERATION
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Santander. Spain
e-mail address: vadillojm@unican.es
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Decarbonizing the industry and energy sectors is critical to reach net-zero greenhouse gas
emissions by 2050, one of the goals proposed in the recent COP26 held in Glasgow (November
2021). In this context, Carbon Capture Utilization and Sequestration technologies (CCUS) are
promising mitigation options due to their potential for absorbing CO2 from industrial point sources
like power plants, steel mills or cement industries[1]. Nonetheless, conventional processes rely on
the use of large amounts of toxic organic solvents (e.g., monoethanolamine) and large equipment
such as packed beds or spray towers, which involve some economic and environmental impact[2].
In this perspective, non-dispersive absorption-desorption using ionic liquids (ILs) and
membrane contactors is gaining significant attention in reducing energy consumption and
environmental consequences[3]. In this context, this work has focused on the study of vacuum
desorption with membrane contactors (Membrane Vacuum Regeneration, MVR) and ionic liquids
(ILs) as absorbent agents,as well as on the study of the influence of this desorption stage in the
complete system of non-dispersive.
First, a two-dimensional mathematical model has been developed and experimentaly
validated using different representative ILs: 1-ethyl-3-methylimidazolium acetate ([emim][Ac]), 1butyl-3-methylimidazolium acetate ([bmim][Ac]), 1-butyl-3-methylimidazolium isobutyrate
([bmim][i-but]), 1-butyl-3-methylimidazolium glycinate ([bmim][GLY])[4]. Secondly, the
regeneration energy consumption, the CO2 desorbed flux and the CO2 capture process efficiency
were evaluated at different operation conditions (vacuum level and temperature). In addition, the
absorption-desorption performance was evaluated for aqueous ILs (30% vol.) in order to study
the influence of viscosity and absorption capacity of the ILs.
The IL [emim][Ac] exhibits the highest vacuum desorption performance (91% at 0.04 bar
and 313 K) with lower total energy consumption (0.62 MJ·kgCO2-1) than conventional aminobased high temperature regeneration operation (1.5 MJ·kgCO2-1). Due to this, non-dispersive
absorption based on ILs and MVR shows excellent potential for the intensification of CO2 capture.
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It is well-know the heinous threat mankind is facing nowadays. Global Warming effects
have caused an escalation in the number and strength of natural disasters[1]. Carbon dioxide is
one of the main greenhouse gases and its production is primary anthropogenic: fossil fuels
combustion currently supplies over 85% of the worldwide energy, representing around 80 % of
CO2 total emissions[2]. Although CO2 atmospheric concentration has fluctuated between 180 - 280
ppm for 800,000 years, it rose by nearly 415 ppm since the industrial revolution. Increased
awareness has urged scientists to find a solution to alleviate this environmental issue.
Adsorptive separation processes are the most promising alternative to successfully capture
carbon dioxide. Physisorption on porous sorbents is advantageously proposed due to low energy
requirements, convenient regeneration and vast material availability[3]. Metal-Organic
Frameworks (MOFs) are crystalline hybrid materials with high porosity and large internal surface
area. The high variety of possible combinations in their frameworks, make MOFs one of the most
tunable adsorbents[4]. This versatility highlights their potential in multiple applications, including
adsorptive gas separation. Many MOFs have been reported efficient for CO2/N2 separation.
However, their performance often cannot be maintained under humidity conditions, and they only
can be used after a dehydration pre-treatment -certainly increasing costs- or after accepting a
decrease in both capacity and selectivity.

CO2 Adsorbed Ammount / ml g-1

mCB-MOF-1[5] is a meta-carborane-based MOF. Their exceptionally stable 3D-aromatic
boron-rich clusters promote industrially favourable properties, such as thermal and chemical
stability and high hydrophobicity. In this work, we show that mCB-MOF-1 exhibits unaffected
performance for CO2/N2 separation under humid atmosphere, validating the results by
breakthrough experiments at different temperature, concentration and humidity operation
conditions. Regeneration is successfully achieved at mild conditions.
15

283 K

298 K

Dry mCB-MOF-1
Hydrated mCB-MOF-1
Bubbler mCB-MOF-1
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Figure 1. Gas adsorbed amounts on mCB-MOF-1
calculated from breakthrough profiles, at 1 bar, for CO2:N2, at
different concentrations (5 % - 20 %), different temperatures
(283 K - 298 K) and different humidity conditions. Time zero is
set with the first detection of helium (tracer).
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Given that water vapor is inevitable in industry, a waterstable MOFs is both, essential and challenging. mCB-MOF-1
stands as efficient candidate for CO2 separation for industrial applications. Environmentally,
carbon dioxide represents a terrific threat, here we propose an opportunity to oppose climate
change evolution.
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STABILITY OF RU-NA-CA/AL2O3 IN CYCLES OF CO2 ADSORPTION AND
HYDROGENATION TO CH4 IN THE PRESENCE OF O2 AND NOX
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The cyclic process of CO2 adsorption and hydrogenation to CH4 on dual function materials
(DFMs) has shown increasing interest in recent years. This form of operation eliminates the costly
CO2 purification step required for methanation with continuous CO2 and H2 feed. The DFMs
present a CO2 adsorbent compound and a metal that assists its methanation. The simultaneous
presence of Na and Ca in the same Ru-DFM has been recently studied [1]. It has been possible
to modulate the basicity by varying the Na2CO3/CaO ratio and to improve the CH4 production. The
DFM 4Ru-8Na2CO3-8CaO/-Al2O3 has been selected as optimum. In this work, the viability of the
DFM in long periods of operation under realistic flue gas conditions is studied. The influence of
CO2 concentration in the range 1.5-15% is analysed. On the other hand, the influence of the
presence of different concentrations of O2 (1-10%) and NOx (400-2000 ppm), during the
adsorption period is studied separately. In the same way, the joint presence of O2 and NOx is also
analysed. Finally, how duration of operation can affect the physicochemical properties of DFM is
studied.
In the operation with CO2 only, it is confirmed that once the cycle-to-cycle steady state is
reached, the process is cyclic and repetitive. In addition, the error with which the carbon balance
is closed is low (<2%) and the H2O/CH4 ratio is very close to 2, in agreement with the stoichiometry
of the Sabatier’s reaction (CO2+4H2⇆CH4+2H2O). As the CO2 concentration increases, the
amount of CH4 produced increases. A higher CO2 concentration facilitates the diffusion of CO2
through the carbonate layer for further formation. However, in the usual concentration range of
the exhaust gases (5-15%), there is not a great variability, obtaining high CH4 productions (305328 µmol g-1).
The O2 incorporation in the adsorption period decreases the CH4 production, which is
accentuated with the increase in its concentration. This decrease is mainly attributed to the
oxidation of the metal sites that leads to a limitation of the reduction behaviour. The CH4
production, with 10% O2 in the adsorption period, stabilizes at 244 µmol g-1; so it is concluded
that DFM 4Ru-8Na2CO3-8CaO/Al2O3 is suitable for operation in the presence of O2. On the other
hand, the addition of NOx creates a competitive adsorption with CO2 on the adsorption sites. Even
so, the feasibility of the DFM to operate in the presence of NOx is demonstrated. High productions
of CH4 (271-255 µmol g-1) are obtained in the operation with different concentrations (0-2000
ppm) of NOx. Additionally, the viability of DFM in the operation with the joint presence of O2 and
NOx, without the need to carry out intermediate hydrogenations, is also demonstrated.
During the stability test, 207 cycles were carried out, which corresponds to 34 hours of
operation, in which a light sintering of metallic particles reduces the dispersion of ruthenium. Even
so, the DFM has a high resistance to the presence of O2 and NOx in the adsorption period.
Furthermore, after 34 hours of operation, the DFM continues exhibiting adequate
physicochemical properties for dual operation. Therefore, it can be concluded that DFM
4Ru-8Na2CO3-8CaO/Al2O3 has a high stability for operation in the presence of O2 and NOx.
References
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INFLUENCE OF THE CATALYTIC BED CONFIGURATION IN THE DIRECT
CO2 TO OLEFINS SYNTHESIS PROCESS
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Tackling climate change is undoubtedly one of the biggest global challenges society is nowadays
facing. In this context, Carbon Capture and Utilization systems play a key role, producing value-added
products to compensate the CO2 capture and transportation cost. Among the possible routes, olefins,
aromatics and gasoline synthesis from CO2 via oxygenates as intermediates has good prospects
within the so called green chemistry[1]. These routes proceed through hydrogenation; therefore,
co-feeding CO2 with syngas is an interesting approach. H2+CO+CO2 feeds in a ratio of H2/CO/CO2 of
3/0.5/0.5 have already been set as adequate for the direct conversion of CO2 to olefins using
In2O3-ZrO2 and SAPO-34 as metallic and acid catalyst respectively[2], being the first one responsible
of MeOH/DME formation and the latter of the MTO/DTO reaction, known as OX/ZEO tandem catalysts.
This work aims to assess the influence of the contact between the individual functions on the
thermodynamic displacement of the process, and on the overall performance of the catalyst. Three
configurations of the catalytic bed have been studied: (a) a bifunctional catalyst prepared by physical
mixture and subsequent pelletizing, named mortar mixing; (b) a homogeneous catalytic bed composed
of separately pelletized metallic and acid functions, granule mixing; (c) the configuration (b) followed
by an acid bed to transform the remaining oxygenates. The studied operating conditions were;
H2/CO/CO2 molar ratio,3/0.5/0.5; 400 ºC; 30 bar; space-time, 5 gcath(molC)-1; In2O3-ZrO2/SAPO-34, 2/1,
time on stream, up to 16 h.
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Figure 1. a) Mortar mixing, b) Granule mixing, c) Granule mixing followed by acid bed.
As observed in Figure 1, differences between mortar and granule mixing are obvious, not only in
trends but also in values. Undesirably, methane is the main product in the case of mortar mixing and
olefins production decays from 2 % to 0.2 %, whereas olefins are the main product for granule mixing,
with a stable yield value around 3 %. It is observed that adding a SAPO-34 bed after the previous
configuration does not improve the performance, but leads to a great loss of olefins production instead.
Additional experiments co-feeding methanol (0.1 % MeOH in the previously mentioned feed) to a
granule-mixing bed and to an acid bed have been carried out to understand this unexpected trend,
concluding that the metallic catalyst contributes to significantly attenuate coke formation over acid
catalyst (13.65 % vs 2.91 %). These results ascertain granule mixing as the optimal for configuration
for the direct CO2 to olefins process.
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Global warming is one of the greatest concerns facing humanity today, mainly promoted
by greenhouse gas emissions. These include emissions of carbon dioxide (CO2), which is a gas
that is very present in both industrial and domestic activity, especially in transport. Fossil fuels are
the main source of energy used worldwide, which has led to recent interest in the search for
alternative energies. To this end, the use of green energy, mainly solar and wind energy as
sources of energy production, has been promoted. However, in view of the problem of large-scale
supply, new research is focused on the development of new energy storage systems [1]. In recent
years, the use of electrochemical technology has increasingly been used as a solution to this
problem. The production of hydrogen by means of an electrochemical cell and its use in a fuel
cell to regenerate energy is a very mature technology. However, this system presents storage
problems and has been solved using flow batteries based on hydrogen-halogen composites as
renewable energy storage systems. In this sense, alkaline electrolysers have proven to be
efficient for hydrogen production [2]. Furthermore, in the search for a more sustainable system,
H2-Cl2 fuel cells have better reaction kinetics compared to conventional H2-O2 fuel cells [3]. The
combination of both processes in the same system has two significant advantages: the high
oxidation capacity of chlorine compared to oxygen and the formation of sodium hydroxide (NaOH)
as a by-product. In this work, the feasibility of integrating solar photovoltaic panels with an
electrochemical cell and a bench-scale spray absorption column will be evaluated. For this
purpose, a chlor-alkali PEM reversible fuel cell has been developed, being able to produce and
store energy by means of electrochemical technology. On the one hand, hydrogen (gas) and
chlorine (gas) are produced during chlor-alkali electrolysis, the gases of which are used in a PEM
fuel cell to regenerate energy. As a novelty, in the search for a system capable of reducing the
carbon footprint and contributing to regulating the production of green energy, this cell is coupled
to a spray absorption system [4]. This absorption system is fed with the electrogenerated sodium
hydroxide during electrolysis, being able to fix carbon dioxide in the form of carbonates and
bicarbonates, thus increasing the sustainability of the energy storage system. Details of the
technology as well as results of a case study are shown in this work.
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The sharp rise of CO2 concentration in the atmosphere acknowledged as the main cause
of the Climate Change has driven chemical research and engineering community to develop
strategies to reduce CO2 emissions. Electro reduction of CO2 (CO2R) is a promising technology
enabling to address energy storage from renewable sources as well as convert CO2 into chemical
products. The electrochemical conversion of CO2 into value-added products has led to an
exponentially increasing number of studies of the different components of the electrochemical
cell, from the catalyst, electrode design, electrolyte and reactor design and operation [1]. In this
light, the ion exchange membrane (IEM) plays an important role in the reactor, traditionally just
as barrier between the electrodes, and Anion exchange membranes (AEM) are gaining relevance
over their counterpart, cation exchange membrane (CEM), due to the possibility of working in
alkaline media, hindering the competing hydrogen evolution reaction (HER) and facilitating the
kinetics of the CO2R. Recently, the functionalities of the membrane overlayer over the electrode
to enhance the selectivity and stability of the electrode in electrochemical conversion of CO2 has
been reviewed [2].
In this work, we present our research in the role of the membrane in an electrochemical
cell for CO2R, by studying the effect of substituting commercial anionic ionomers by sustainable
and low-cost biodegradable alternatives like chitosan (CS) and poly(vinyl) alcohol (PVA), as and
catalyst binder in the electrode fabrication, and selective membrane separator between the
reactor compartments.
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PHOTOELECTROCATALYTIC REDUCTION OF CO2 IN GAS PHASE
M.A. Ortiz, C. Jiménez, R. Camarillo, I. Asencio J. Rincón and F. Martínez
Universidad de Castilla-La Mancha, Faculty of Environmental Sciences and Biochemistry,
Department of Chemical Engineering. Avenida Carlos III, s/n, 45071 Toledo, SPAIN
Presenting author’s email: MiguelA.ortiz@uclm.es
The development of electrocatalytic and photocatalytic reduction of CO2 is receiving a growing
interest in the last years due to the need to find technologies that may afford the capture and
recycling of CO2, which is one of the most important environmental challenges in our days. These
processes are based in the use of direct solar energy (photocatalytic process) or electricity
(electrocatalytic process) to obtain synthetic fuels. If solar energy is used to obtain the e- and H+
needed for the electrocatalytic reduction of CO2, using appropriate catalysts, the synergies of
these technologies may develop a cleaner and more efficient process. This process is the so
called photoelectrocatalytic reduction of CO2.
In a typical photoelectrocatalytic system, a semiconductor material absorbs photons from solar
radiation to promote reactions on the surface of the electrodes of an electrochemical cell, assisted
by an external power supply. Taking advantage of the electron-hole pairs generated in the surface
of the semiconductor, a photoanode configuration (typically an n-type semiconductor) can be
used to oxidize H2O to O2, or a photocathode configuration (typically a p-type semiconductor) can
be employed for the reduction of CO2 to CO, HCOOH, methanol or hydrocarbons.
Our group has designed a photoelectrocatalytic reactor based on a filter press cell. The cell
consists of two compartments (anodic and cathodic) separated by a MEA (membrane electrode
assembly) and two gas diffusion electrodes (GDE) where nanoparticulated catalysts are
dispersed. Two gold-plated copper current collectors are located at both sides of the MEA. It also
includes two aluminium external plates that support the whole design and several internal gaskets
to hold the reaction fluids needed for the assays. It is designed for continuous operation mode
with CO2 in gas phase. One of the external aluminium plates includes a quartz window for light
irradiation of the photocatalyst. The source of light is a Xe arc lamp (450 W, Oriel) equipped with
an Air Mass 1.5 Global filter, which simulates sunlight. The cell is connected to a
potentiostat/galvanostat (Autolab PGSTAT204) which can supply a constant potential or current
intensity. The nature and concentration of the different gases produced is quantified using a Micro
GC (Agilent 990) and the liquid phase obtained (if any) is analyzed using a GC equipped with
SPME fiber and HPLC.
Our group has wide experience in the synthesis of catalysts using supercritical CO2 as reaction
media [1],[2]. Using this technology, copper nanoparticles deposited on carbon supports are being
synthetized as electrocatalysts. In other hand, commercial TiO2 (P25 Aeroxide) is being used as
photocatalyst.
Photoanode cell configuration is being studied. First photoelectrochemical measurements are
being carried out by applying a constant cell potential, monitoring the evolution of the current
density, quantifying the products obtained (preliminarly CO and CH4) and tracking H2 evolution.
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Intermittence is a main drawback of renewable electricity sources; however, concentrated
solar power (CSP) plants are able to operate at nominal capacity in the absence of sunlight by
integrating thermal energy storage (TES). Thermochemical heat storage based on the
CaO+H2O↔Ca(OH)2 system is extremely promising in CSP plants that operate at medium to high
temperatures[1]. Nevertheless, using CaO powder usually results in a fast decay of the energy
uptake/release along cycles due to agglomeration and sintering. Calcium oxide could be
pelletized to work in fixed or moving beds, but pure CaO pellets are too soft and attrition and
cracking occur, which hampers a commercial application[2]. Despite the vast effort devoted to
finding durable materials, this issue has not been completely solved yet. In this regard, this work
proposes mixed Ca(OH)2/-Al2O3 pellets covered by dense and porous silica with enhanced
resistance to thermal stress and stable energy storage ability. Mixed cores of several sizes and
shapes were immersed into the coatings gels for 2 s, dried at 80 ºC for 2 h and then calcined in
order to vitrify the silica shells for 3 h at 500 ºC. The energy release and the stability of the
materials were measured by 10-cycle dehydration/hydration experiments in a thermomicrobalance coupled with a steam generator. The chosen temperatures were 600 ºC for the
dehydration step and 425 ºC for the hydration one. The resistance to crushing of the pellets was
obtained from a dynamometer before and after thermogravimetric analyses. Photographs and
SEM micrographs were acquired to check the structure and evolution of the coatings.
The original resistance to crushing of pure Ca(OH)2, which was lower than 2 N, drastically
increased when using 40 wt.% alumina as binder in the core manufacture. Applying a silica
coating to the mixed cores led to hardness values above 30 N. EDX analyses demonstrated that
both silica gels formed a hard calcium silicate layer during calcination that helped keeping the
structural integrity of the pieces, preventing attrition and loss of material. Cylindrical pieces
presented higher hardness values and hydration abilities compared to spherical ones due to their
higher surface/volume ratio. Porous silica coatings, formed by thinner layers and silica grains, as
shown in Figure 1, hindered more effectively CaO sintering and porosity decay in the outer
surface, giving rise to more accessible, stable and durable materials with potential application in
CSP plants.

Figure 1. SEM image of the surface of a pellet covered with porous silica.
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WO3/BiVO4 PHOTOANODES FOR THE CONTINUOUS SOLAR-DRIVEN CO2
CONVERSION IN GAS PHASE
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The development of efficient photoelectrochemical (PEC) reactors that allow considering
CO2 as a resource to generate valuable products under the sun represents a sustainable strategy
to move towards decarbonization[1].
This work evaluates the technical performance of a gas-liquid PEC reactor with a zero-gap
membrane electrode assembly (MEA) configuration (Figure 1) using the visible-light active
photocatalysts WO3 and BiVO4, with different mass ratios and catalytic loadings, and combined
with Si-based electron extraction layers[2], for an enhanced oxygen evolution reaction (OER)
activity in the anode. As a result, an extra flow of electrons reaches the cathode compartment for
CO2 reduction, improving the energy efficiency of the overall process[3]. The continuous gasphase conversion of CO2 in the cathode is carried out using Cu-based nanoparticulated surfaces,
considering previous findings in our group for the production of hydrocarbons[4].
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Figure 1. Scheme of the gas-liquid PEC reactor with a zero-gap MEA configuration for the
solar-driven reduction of CO2.
The developed composite photoanodes are first characterized by cyclic voltammetry (CV)
and linear sweep voltammetry (LSV) analyses with and without light illumination to determine the
maximum attainable photocurrent density as a function of the applied voltage. Subsequently, the
gas-liquid PEC system is tested for continuous CO2 conversion under visible and solar light LEDs,
controlling the different key operating variables in the process (current density, light intensity, gas
and liquid flows) to enhance the production of hydrocarbons. The results are compared with the
system in the dark and with an illuminated TiO2 (P25) photoanode in terms of production rate (r),
energy efficiency (EE), and solar-to-fuel (STF), providing insights into the development of efficient
PEC systems for the transformation of CO2 under the sun.
Acknowledgments: The authors gratefully acknowledge the financial support from Ministerio de
Ciencia e Innovación (MCIN) and Spanish State Research Agency (AEI) through the research
project PID2019-104050RA-I00, funded by MCIN/AEI/10.13039/501100011033, and Ramón y
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CONTINUOUS HYDROGEN PRODUCTION FROM FORMIC ACID USING A
PACKED FOAM REACTOR FILLED WITH Pd/AC CATALYST
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The continuous generation of hydrogen by formic acid dehydrogenation (FAD) reaction at
low temperature and in the absence of external additives is investigated in a packed-foam reactor
over a Pd/AC catalyst. So far, significant progress has been done in the design of heterogeneous
catalysts, being the metallic nanoparticles (such as combinations of Pd, Ir, Au, Pt or Ag) the most
promising ones.
Herein, a novel fixed bed reactor configuration is proposed. A highly conductive -SiC
open-cell foam with high porosity and strong heat transfer capability (30PPI, by SiCAT) is filled
with a commercial 10 wt.%Pd/AC catalyst (Noblyst ® P1070, by Evonik) in the form of particles
with diameter lower than 25 μm. The FAD reaction is carried out up-flow at the following operating
conditions: CAF,0= 1M, T= 55 ºC, WCAT= 0.5 g and He as a carrier gas. This reactor (D=15 mm
and H=22 mm) aims to provide low pressure drop and enhanced radial heat transfer by exploiting
the use of a (foam) structured matrix and its thermal conductivity while avoiding issues related to
washcoating of the Pd nanoparticles on the SiC foam.
The results are shown in Figure 1A. The FA conversion (XAF) is maintained at 100% during
70 min of time on stream and then it exponentially decreases up to a value of 5%. H2 and CO2
are the main products in the gas effluent. As can be seen, the H2/CO2 ratio is 1.6 when the catalyst
is active and it reaches almost 1, as expected by the stoichiometry of the reaction, when the
deactivation begins. These results indicate that CO2 remains on the catalyst surface and only
when the activity of the Pd nanoparticles declines, the CO2 product is released. The activity (a)
follows an exponential decay equation with kd= 0.007 min-1, see Figure 1B. This means that the
deactivation is induced by the presence of AF and reaction products. The activity can be partially
recovered (Figure 1A) by the thermal treatment of the Pd/AC catalyst (at 150 ºC overnight in air
atmosphere). Noteworthy, the deactivation in the packed foam reactor is significantly lower than
in a slurry reactor operated at the same reaction conditions (kd=0.04 min-1 using 0.07 g of catalyst).
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The characterization of the used Pd/AC catalyst reveals that the Pd nanoparticle size were
increased upon reaction (1.6±0.2 vs. 3.2±0,8 nm after reaction), the surface Pd2+ species
decreased and CO2 was chemisorbed on the Pd nanoparticles, according to the ATR spectra
(data do not shown). These aspects could be the causes for the strong catalyst deactivation. CO
has not been detected on the Pd nanoparticles by ATR, neither in the gas effluent by GC. Further
research is on progress to improve the catalyst stability in the packed foam reactor.
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Figure 1. A) Results obtained in the FAD reaction in a packed foam reactor B) Pd/AC
activity upon time on stream.
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ANHYDROUS EMULSIONS AS NOVEL HEAT TRANSFER FLUIDS WITH
ENHANCED ENERGY STORAGE CAPABILITY
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Thermal energy storage systems are widely used worldwide for efficient utilization and
conservation of energy. An efficient, attractive and innovative method of storing thermal energy
storage is to add the so-called phase change materials (PCMs) to conventional heat transfer fluids
(HTFs), obtaining latent functionally thermal fluids that exhibit a higher specific heat storage
capacity than conventional HTFs. One approach to obtain these systems is through phase change
emulsions (PCMEs) [1]. The PCMEs, compared with the others PCM systems, show greater
potential and present several advantages, including a simple preparation process, negligible
thermal resistance, good operation stability and low cost, which make them an excellent HTF.
Most of the PCME existing literature used as novel HTF are manufactured by incorporating PCMs
into water with the aid of emulsifiers. However, this work is focused on preparing anhydrous
PCMEs. They are very unknown and promising multifunctional fluids consisting of PCM dispersed
in carrier fluids, both being oily phases. The oil-in-oil PCMEs allow the possibility of using the
same medium for latent heat storage and transport under more extreme pressure and
temperature conditions.
The preparation of these types of anhydrous emulsions with phase change materials is a huge
challenge since such systems have been rarely studied and with relatively few publications
available, despite having many real and potential applications. Thus, it was necessary to face the
lack of information regarding the availability of suitable surfactants in such systems.
The present work was aimed at formulating two kind of stable oil-in-oil emulsions of a phase
change material, polyethylene glycol (PEG4000) and stearic acid, with a melting peak
temperature of 58-61ºC and 68-71°C, respectively, and silicone oil in order to explore using such
systems as novel PCMEs. The emulsions were prepared and stabilized successfully with silicone
surfactant composed of diblock-copolymers along with bulky silicone chains. A comprehensive
investigation of the thermophysical properties of the emulsion, the viscous and viscoelastic
behaviour, as well as their microstructure, was carried out.
According to the results, the properties of the emulsion were greatly influenced by the amount of
dispersed phase present in it. As the temperature lowered, a well-developed three-dimensional
network of crystalline structures interconnected with each other was formed as a consequence of
the crystallization of the dispersed phase. Some of the systems resist heating-cooling cycles and
remain stable, keeping its heat storage capacity intact over time. However, in another, the
interaction between the two phases and with the surfactant affected the crystallinity of the system,
compromising the efficiency of the PCMEs.
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COMBINATORIAL BIOSYNTHESIS OF NATURAL PRODUCTS
IN MICROORGANISMS
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Natural products are an important source of bioactive compounds usually isolated from
plants, animals or microorganisms. Microorganisms are producers of a large variety of biologically
active natural products, many of which have clinical, veterinary or agricultural applications. Within
microorganisms, actinomycetes are the most prolific microbial group in terms of production of
bioactive compounds, being producers of approximately two-thirds of all bioactive compounds.
Important and useful therapeutic drugs as antibiotics, antifungals, antiparasitic or antitumor drugs
and compounds with application in agriculture such as insecticides or herbicides are produced by
members of the actinomycetes family. Traditionally, pharmaceutical companies have developed
screening programmes in the search for novel bioactive natural products and improving in
production yields has been based on mutagenesis and selection programmes.
In the last thirty years, many biosynthesis gene clusters for natural products from
actinomycetes have been isolated and characterized. The development of recombinant DNA has
opened the possibility of applying genetic manipulation to engineer biosynthetic pathways in order
to generate novel derivatives with potential application. Thus, “combinatorial biosynthesis” has
emerged as a new technology in which genes from different biosynthetic pathways are combined
either in a producer organism or in a heterologous host. The recombinant strains, containing gene
combinations “not previously found in nature”, can produce novel derivatives from known
bioactive compounds. This technology is especially useful when trying to introduce chemical
modifications in bioactive compounds which are not amenable to chemical means.
Additionally, the development of sequencing technologies has allowed the availability of
the sequence of many genomes from actinomycetes. Bioinformatic analyses identify in these
genomes the presence of gene clusters for natural products not previously known to exist in many
species. Thus, quite frequently an actinomycete genome contains 20-30 gene clusters in its
genome. However, many of these clusters are “silent” or are “very poorly expressed” under
standard laboratory incubation conditions. Therefore, a challenge for research in actinomycetes
is to develop methodologies allowing the activation/expression of these clusters and the
identification of the natural products they encode.
In this presentation, several examples will be shown (i) on the use of combinatorial
biosynthesis approaches for the generation of structural diversity in bioactive natural products
and (ii) on the use of different strategies for the activation of “silent” gene clusters in actinomycetes
and the identification of novel bioactive natural products.
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THE SEA AS A SOURCE OF NEW DRUGS
Carmen Cuevas
Pharma Mar, S.A., Avda. de los Reyes, 1; 28770 – Colmenar Viejo (Madrid), Spain.
ccuevas@pharmamar.com

Nature has already provided us with excellent medicines of natural origin such as penicillin and
many of the other antibiotics (beta-lactams, tetracyclines, aminoglycosides, macrolides) used to
fight bacterial infections, as well as salicylic acid (component of the well-known analgesic Aspirin),
the hypocholesterolemic lovastatin, and the antitumor drugs paclitaxel, anthracyclines, vincristine,
topotecan, etoposide, mitoxantrone, bleomycin, mitomycin C, epothilones, etc., all of which
originate from terrestrial organisms.
Oceans cover more than 70 percent of the surface of our planet and are a largely unexplored
source of chemical diversity with great potential for the discovery of new drugs for the treatment
of major diseases. Over millions of years, evolution has allowed marine organisms to develop a
variety of biologically active substances that they use for survival, defense, attack and
communication. The discovery of these substances in the marine environment provides a
fantastic opportunity to develop new drugs.
PharmaMar is conducting many different multi-stage research programs to discover and develop
new anti-tumor and new antiviral compounds of marine origin. PharmaMar is the first company in
the world to cover all the different stages from discovery and development to the marketing of
new marine-derived drugs.
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NEW NMR TOOLS FOR COMPLEX STRUCTURAL PROBLEMS
Laura Castañar Acedo
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Knowing the structure of molecules is crucial for understanding the world around us and
for the development of new chemical products, drugs and materials. As our knowledge grows
about how Nature works, the species under study steadily increase in size and complexity, making
their analysis more and more difficult. Life and physical scientist fight a continual battle to extract
the maximum information from them, pushing current analytical methods to their limits. Often, the
complexity of the system is such that it is very difficult, if not impossible, to get access to the
required information in an efficient way. In principle, NMR spectroscopy ought to be able to meet
this need, being one of the most powerful and versatile techniques for the structural,
conformational and configurational analysis of molecules in solution. However, conventional
methods struggle to extract simple and clear information from the most challenging systems. New
tools are urgently needed to allow us to address a wider range of problems, and to reduce the
time and effort needed to extract valuable structural information.
Here several novel NMR approaches to solving some of the most challenging problems
encountered in structural analysis of natural products, either pure and mixtures, will be shown.
The methods proposed use one or more of the following approaches to facilitate the extraction of
key structural information:
i) factorization of complex 1H NMR spectra into simplified subspectra for individual spin
systems by homonuclear[1,2] or heteronuclear[3,4] spectral editing,
ii) virtual separation of components according to their different diffusion[5] or relaxation[6]
behaviour,
iii) spectral simplification by combining previous approaches with pure shift NMR
spectroscopy,[7-10] where the typical 1H multiplicity is suppressed providing ultrahigh
resolution spectra.
The usefulness of these new NMR methodologies will be illustrated across a wide range of
applications, such as the structural analysis of a major component of human breast milk, the
determination of main components of natural oils, the identification of sugars present in natural
beverages, and the structural analysis of pharmaceuticals.
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GLYCANS AND PROTEIN-GLYCAN RECOGNITION
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Complex glycosylation patterns containing multiantennary N-glycans are typically found in
mature glycoproteins. However, the structural characterization of these glycans is rather
challenging. Usually, standard NMR and X-ray diffraction techniques fail to provide specific
answers on the structure and molecular recognition features due to intrinsic attributes of the
glycan. As a promising approach, carbohydrates conjugated to lanthanide binding tags have
revealed high potential toward this aim. This methodology has first been applied to the study of
small oligosaccharides (di-, tri- and tetrasaccharides).[1] Proceeding from this experimental basis,
we have extended this concept to the level of high degree branching and long chain N-glycans.[2]
In addition, the molecular recognition properties of these complex glycans were characterized in
detailed thanks to the unprecedented resolution obtained in the spectra.

References
[1] A. Canales, A. Mallagaray, M.A. Berbís, A. Navarro-Vázquez, G. Domínguez, F.J. Cañada, S.
André, H.J. Gabius, J. Pérez-Castells, J. Jiménez-Barbero J. Am. Chem. Soc. 2014, 36(22),
8011-8017.
[2] B. Fernández de Toro, W. Peng, A.J. Thompson, G. Domínguez, F.J. Cañada, J. PérezCastells, J.C. Paulson, J. Jiménez-Barbero, A. Canales Angew. Chem. Int Ed. 2018, 57(46),
15051-15055.

516

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S15-OC01

CHARACTERIZATION OF THE BOTRYTIS CINEREA TERPENOME BY
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Sesquiterpenes are the largest group of terpenes produced by many organisms, including
plants and fungi[1]. They are generated by the sesquiterpene cyclases from the precursor farnesyl
pyrophosphate (FPP) and many of them are of commercial interest due to their biological
properties[1]. The phytopathogenic fungus Botrytis cinerea is a clear example of a sesquiterpeneproducing microorganism. It causes the grey mould disease, affecting more than 1400 plant
species and producing significant crop losses. Botrydial, a sesquiterpene produced by the fungus
and synthesized by the sesquiterpene cyclase 1 (STC1), has been extensively studied[2].
Recently, a new sesquiterpene cyclase (STC7) has also been characterized by our research
group[3-4] and the in silico analysis of the fungal genome allowed the identification of five additional
enzymes.
In this work, we report on the characterization of these new sesquiterpene cyclases which
are achieved by using a metabolic engineered E. coli strain that expressed the genes codifying
for the enzymes involved in the FPP biosynthetic pathway from S. cerevisiae[5]. The Botrytis
codifying-sesquiterpene cyclase genes were cloned under the control of a strong promoter in a
bacterial vector that was used to transform the engineered E. coli (DH strains) to generate
overproducer-sesquiterpene strains. The bacterial growth conditions (temperature, inducer
concentration, optical density, and time) were optimized for a high sesquiterpene production.
Finally, the metabolites were analysed by gas chromatography-mass spectrometry and RMN. On
the other hand, the fungal STCs were produced in E. coli (BL21 strain) fused with a 6xHis tail and
purified by nickel-affinity chromatography. The pure enzymes were used to assay the production
of the corresponding sesquiterpene from FPP as substrate. These two approaches generate new
information on the secondary metabolism of B. cinerea and allow the study of the role of the new
metabolites in the fungal biology.
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REVISION OF THE ABSOLUTE STEREOCHEMISTRY IN THE TELOMYCIN
FAMILY OF ANTIBIOTICS ON THE BASIS OF ITS NRPS SEQUENCE AND
UNEQUIVOCAL CHIRAL AMINO ACID ANALYSIS
Ignacio Pérez-Victoria, Sandra Resa, Marta González and Fernando Reyes
Fundación MEDINA, Avda. del Conocimiento 34, 18016 Armilla, Granada, Spain.
e-mail: Ignacio.perez-victoria@medinaandalucia.es
Keywords: antibiotics, telomycin, absolute stereochemistry, NRPS, advanced Marfey’s method
Antibiotic resistant pathogenic bacteria represent a global threat. The WHO has included
antimicrobial resistance (AMR) among the top ten public health threats faced by mankind. The
spread of bacteria that have acquired new mechanisms of resistance to antibiotics is
compromising our ability to treat common infections. Particularly alarming is the rapid worldwide
spread of multiresistant and panresistant bacteria (also called "superbugs") that cause infections
that cannot be treated with conventional antibiotics.[1]
One of the actions to deal with this problem consists of increasing the repertoire of
antibiotics, including compounds with less explored modes of action. To this end, research
focused on the discovery of new antibiotics, or the rescue of old ones discovered decades ago
but not studied in depth, are essential. The antibiotic telomycin, a non-ribosomal peptide
discovered at the end of the 1950s, belongs to this last category, having a powerful bactericidal
activity against various Gram-positive pathogens.[2] Recently, it has been shown to exhibit a novel
mode of action targeting the plasmatic membrane, based on a specific interaction with the
phospholipid cardiolipin.[3]
Interested in the molecular characterization of the telomycin-cardiolipin interaction, we
have reviewed the literature on telomycin as well as published data on the biosynthetic gene
cluster encoding its production in Streptomyces canus ATCC 12647.[3, 4] Review of these data
has revealed stereochemical discrepancies between the sequence of the NRPS (non-ribosomal
peptide synthetase) responsible for its biosynthesis and the chemical structure described, in
which all the amino acids have an L- absolute configuration. Bioinformatic analysis of the NRPS
shows the presence of two epimerization domains (E) in two different modules, suggesting the
presence of two amino acids with D- configuration in the telomycin structure. We decided to carry
out a phylogenetic analysis of the different condensation domains (C) in the NRPS. Such analysis
showed that the C domains of all the modules of the NRPS stereospecifically recognize L- amino
acids except for two C domains that stereospecifically recognize D- amino acids and are found in
the modules located downstream of those containing the E epimerization domains. This
bioinformatic and phylogenetic analysis clearly demonstrates that telomycin contains two amino
acids with D- configuration and indicates which they are. We have been able to obtain definitive
experimental corroboration by means of unequivocal chiral amino acid analysis using both NMR
spectroscopy and the advanced Marfey’s method[5] over the mixture of amino acids obtained after
acid hydrolysis of telomycin.
This revision of the absolute stereochemistry of telomycin will allow us to determine its
conformation and three-dimensional structure in solution by NMR, as well as studying at the
molecular level its interaction with cardiolipin-rich liposomes. The data we obtain will be very
useful in the development of telomycin itself as an antibiotic and in the design and generation of
new analogs with optimized antibiotic properties.
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Tenacibaculum maritimum is a marine bacterial pathogen responsible for tenacibaculosis,
an ulcerative infection without host specificity and great adhesion to fishes’ mucus.[1] Due to its
high prevalence in aquaculture, Tenacibaculum spp. were listed as priority pathogens by the 2021
annual report of the committee on the availability of veterinary medicinal products (CODI-VET,
Spanish Ministry of Health), claiming novel vaccines against these bacteria.[2]
One of the main virulent factors of T. maritimum may be an iron(III) uptake system mediated
by siderophores,[3] low molecular weight molecules that scavenge the Fe(III) from the host. In
silico analysis of the T. maritimum genome led us to identify a gene cluster that could encode
deferrioxamine-like siderophores. Since the chemical structure of the siderophores produced by
this bacterium are unknown, our specific goal was to chemically characterize the siderophore(s)
produced by T. maritimum.
Thus, the bacterium was grown under iron-deficient conditions to promote siderophore
production. The cell-free supernatant was then submitted to an optimized bio-guided fractionation
based on XAD resin extraction followed by reverse-phase (RP) fractionation.[4] The fractionation
was performed in parallel on supernatants treated with Ga(III) and Fe(III) salts. While Fe(III) allows
us to evaluate the presence of siderophore activity in the fractions, Ga(III) leads to the
construction of stable complexes that are easily detectable by HPLC-MS given the particular
isotopic distribution of this metal.
Analysis of the siderophore-active fractions by HPLC-MS/MS showed a family of
hydroxamic siderophores through molecular networking. The structures of these compounds are
being characterized by NMR and MS. So far, the results indicate that they are new siderophores,
opening the door to the design of novel and efficient therapeutics against this pathogen.
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Polyketides from dinoflagellates are privileged structures usually described as super carbon
chain (SCC) compounds due to their length and complexity. These are usually toxic for humans
and affect the ecosystems, but some of their mechanisms of action make them potential
therapeutics or biomedical tools according to dose and application [1,2].
Accessing to these compounds would find applications in several areas including food safety
or pharmaceutical industry. The application of resolutive and sensitive techniques for the profiling
and dereplication of natural products have been crucial to expedite discovery programs. These
would propel dinoflagellate’s SCC compounds research by allowing to overcome issues that
make their study a challenge: the large volume of culture to achieve low harvest and extraction
yields, the biosynthesis of multiple and similar analogues and the frequent dispersion and reisolation during chromatography.
In this work are used data dependent-tandem MS experiments to generate molecular networks
with the Global Natural Product Social Media (GNPS) platform to investigate SCC polyketides in
four strains of marine dinoflagellate Amphidinium carterae. We use this approach to profile and
compare their production, dereplicate known compounds and identify new congeners though
careful interpretation of MS2 data and biogenetic criteria. This work presents an efficient approach
for qualitative characterization of extracts, unveiling target compounds or interesting analogues
to select most interesting species.
References
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Lauroxepanes of seven-membered ring oxacycles are common structures present in
marine algae, especially in red algae of the genus Laurencia.[1] Among them are the natural
products (+)-isolaurepinnacin (1) and (+)-neoisoprelaurefucin (2).
These two natural products caught our attention by their oxepane core with cis
diastereoselectivity in the ring closure. Recently, we reported a new methodology towards the
diastereoselective construction of cis-Δ4‑2,7-disubstituted oxepenes.[2] Our method is a direct
synthesis via iron-catalyzed Prins-Peterson reaction. Consequently, the shortest total syntheses
described to date of (+)-isolaurepinnacin (1) and (+)-neoisoprelaurefucin (2) were accomplished
using the mentioned protocol as key step (Scheme 1).

Scheme 1. Retrosynthetic analysis of the total syntheses of (+)-isolaurepinnacin (1) and
(+)-neoisoprelaurefucin (2).
The crucial features of the route included: first, the synthesis of precursors 4 and 5; next,
the Prins-Peterson cyclization, between bis-homoallylic alcohols 4 and aldehyde 5 would lead to
desired oxepenes 3 in a convergent strategy. Afterwards, we planned that the two natural
products would be obtained through a simple reaction sequence: orthogonally deprotection of
hydroxyl groups, halogenations, bromoetherification in the case of (+)-neoisoprelaurefucin (2) and
E/Z enynes formation.
Acknowledgments: This research was supported by the Ministerio de Ciencia, Innovación y
Universidades (MCIU), la Agencia Estatal de Investigación (AEI), and Fondo Europeo de
Desarrollo Regional (FEDER) (PGC2018-094503-B-C22). V.S. thanks the Spanish MCIU for an
FPU fellowship. D.A.C. thanks Cabildo de Tenerife for a postdoctoral transfer contract.
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With diminishing fossil resources, the development of new technologies to exploit versatile and
renewable biomasses as alternative feedstock for platform chemicals has received more attention
than ever.[1] 5-hydroxymethylfurfural (HMF) is a top value-added biomass derived molecule which
can be converted to diverse commodities including pharmaceuticals, polymers, resins, solvents,
fungicides, and biofuels.[2] Reactions of aldehyde function in HMF with different amino acid methyl
esters are a useful strategy for the synthesis of α-iminoesters which can be used as azomethine
ylides precursors. Azomethine ylides can be reacted with a wide range of dipolarophiles in
subsequent catalytic asymmetric 1,3-dipolar cycloaddition for the enantioselective preparation of
pyrrolidines.[3]
Herein we report the use of the catalytic asymmetric 1,3-dipolar cycloaddition of azomethine
ylides as a general method for the enantioselective preparation of HMF pyrrolidine derivatives.
The reaction takes place with high yields, and excellent levels of diastereo- and enantioselectivity
when CuI/(R)-Fesulphos complex is used as catalytic system.

Scheme 1. Catalytic asymmetric 1,3-dipolar cycloaddition between HMF azomethine
ylides derivatives and N-phenyl maleimide.
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The necrodane anhydride 1 is a new monoterpene necrodane found in Lavandula luisieri, who
has shown strong phytotoxic activity against Latuca sativa and Lolium perenne and nematicide activity,
becoming the first necrodane to possess this bioactivity[1,2].
In this communication, the synthetic route of the ethyl derivative of 1 (2) will be discussed. Furthermore,
the approach to some derivatives of 1 will also be presented, with the double aim of obtaining more
active natural- products-derived and performing SAR studies.

1
Phytotoxic effects of compund 1. a% Control. bp < 0.05, Mann−Whitney U-test. cPositive control.

Lavandula luisieri.
Lavandula luisieri.
The synthesis of 2 was planned to start from the accessible and low-cost monoterpene alphapinene oxide (3) (1.87€/g, 97% pure)[3]. Key steps of the approach include a double Lewis-acidpromoted rearrangement of the pinane skeleton, and the action of lead tetraacetate to induce an allylic
oxidation, and finally the generation of the anhydride moiety.
Synthesis of necrodane anhydride 2
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A crucial step in the discovery of any new molecule involves its full structure determination,
including a 3D structural proposal. For small organic molecules, this task is typically achieved
from the analysis of NMR data. Despite continuous advances in spectroscopic techniques, the
number of erroneously assigned structures in the literature is constantly growing. Usually this is
due to the inherent complexity of the target molecule and in many cases, the task is further
complicated by different circumstances, including the occurrence of separated stereoclusters,
high C/H ratio, presence of impurities and/or low sample availability, particularly in the field of
natural products chemistry.
Quantum mechanical calculations have definitively arrived to improve the quality of the
structure elucidation process. Thus, theoretical calculation of spectroscopic properties such as
NMR chemical shifts and scalar couplings by means of computational chemistry techniques is
increasingly easy and reliable. This has made the comparison between experimental and
computed values for a set of putative candidates a powerful alternative to assist in the structural
assignment of organic molecules. Indeed, this approach is widely used at present to select the
most likely structure from among a set of putative candidates. NMR chemical shifts have been
used to address complex stereochemical problems by comparing experimental and computed
values. [1] Initially, standard statistical correlation parameters were used for this task; however,
specific metrics have been recently proposed. Among these, the DP4 probability stands out from
all the others. [2] It was formulated on the basis that Bayes' theorem can be used to estimate the
probability that the chosen solution is correct. Improved versions such as J-DP4 have been
developed, modifying some requirements of the original formulation. [3]
In this communication, benefits and caveats of these methods will be discussed. [4] Recent
results of our research about the combined usage of NMR experimental measurements and
computational calculations to develop more efficient structure elucidation methodologies will be
presented. This will include new advances in the J-DP4 methods to reduce calculation times and
further enhance their reliability. The implementation of heteronuclear coupling constants, [5]
parametrically calculated coupling constants, the combination of different force fields or machine
learning techniques will be commented. Additionally, their potential usage in conformational
analysis to obtain a reliable 3D picture of complex molecules by means of information obtained
from readily accessible chemical shift values will be mentioned. [6]
References
[1] Lodewyk, M. W., Siebert, M. R. & Tantillo, D. J. Chem. Rev. 112, 1839–1862 (2012).
[2] Smith, S. G. & Goodman, J. M. J. Am. Chem. Soc. 132, 12946–12959 (2010).
[3] Grimblat, N., Gavín, J. Daranas, A.H., Sarotti, A. M. Org. Lett. 21, (2019).
[4] AH Daranas, AM Sarotti Org. Lett. 2021, 23 (2), 503-507 (2021).
[5] H Domínguez, D Cabrera García, C Cuadrado, A. Novelli, MT Fernández Sánchez, JJ
Fernández, AH Daranas, Org. Lett., 23, 1, 13-18 (2021).
[6] SW Li, C Cuadrado, Li-Gong Yao, AH Daranas, YW Guo, Org. Lett. 22, 4093-4096, (2020).

524

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S15-OC09

NMR IN WEAKLY ALIGNING MEDIA.
APPLICATIONS TO THE STRUCTURAL ELUCIDATION AND
CONFORMATIONAL ANALYSIS OF NATURAL PRODUCTS
Armando Navarro-Vázquez
Departamento de Química Fundamental, CCEN, Universidade Federal de Pernambuco,
50670-901 Recife, PE, Brazil
e-mail: armando.navarro@ufpe.br
Keywords: RDCs, aligning media, structural elucidation, stereochemistry
In this communication we will present recent developments on preparation of weaklyaligning media as well as computational approaches[3] for the application of anisotropic
parameters to the problem of elucidation of the stereochemical configuration and conformation of
natural products.[1]
Advances in preparation of polymer gels, compatible with a larger variety of polar solvents,
from DMSO to methanol and acetonitrile will be presented[2] as well as new liquid crystal systems
based on chromonic mesogens[3] and grafted graphene systems.
From the computational point of view, applications of the CASE-3D[4] method to different
problems, particularly in the presence of conformational mobility will be discussed.[5] Approaches
to speed up the computational part of the analysis will be also discussed.
The author thanks Brazilian National Council for Scientific andTechnological Development,
CNPq, for financial support(426216/2018-0) and a personal research fellowship (311683/2019-3)
as well as Centro de Tecnologias Estratégicasdo Nordeste (CETENE) for allocation of computer
time, which was supported by Fundação de Amparo à Pesquisa de Pernambuco (FACEPE APQ1864-1.06/12).
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Microfluidics
NMR spectroscopy finds applications in many different fields; however, it suffers from an
intrinsically low sensitivity. The field of microcoils (reduced-diameter radiofrequency coils) was
launched by Sweedler and co-workers in 1995 as an alternative to enhance the NMR signal since
the signal-to-noise ratio (S/N) in the NMR spectrum is inversely proportional to the coil diameter
[1]. Since then, this field has shown its potential, the concept has been commercialized, finding
application in many different fields. To date, several groups are designing and/or fabricating their
own small-volume probe-heads.
In our groups, we have exploited different microcoil geometries, planar spiral and
solenoidal microcoils. Planar spiral microcoil chips with an active volume of 25 nL showed
excellent mass sensitivity, as well as broad-band properties that allows homo- and heteronuclear
one- and multidimensional NMR experiments with a single coil in non-resonant mode [2]. These
NMR chips have also been exploited for on-flow reaction monitoring, allowing for example the
rapid determination of kinetic and thermodynamic parameters for reactions activated thermally,
or photochemically [3]. Regarding solenoidal microcoils, we developed a simple method for the
manufacturing of microfluidic devices in a single block of PDMS to include not only channels in
the PDMS device, but also a fully functional solenoidal NMR microcoil with active volumes
between 1 and a few µL [4]. The fabrication method employs materials that are commonly present
in a chemistry laboratory, and does not require much knowledge on the technique, facilitating the
access of microcoils to a wider public and at a very low cost.
Herein, we present the combination of microcoils with hyperpolarization schemes, based
on photo-Chemically Induced Dynamic Nuclear Polarization (photo-CIDNP). This boosts the NMR
sensitivity down to unprecedented sub-picomole detection limits that rivals the most sophisticated
state-of-the-art NMR equipment [5]. Normally, relatively high sample concentrations (mM range)
are needed when working with microcoils due to the very low active volumes. The combination of
microcoils with hyperpolarization schemes allows for sample concentrations in the micromolar
range, e.g. certain amino acids such as tryptophan and tyrosine or fluorinated compound.
Theoretical simulations have been carried out to understand the photo-CIDNP phenomena for
the above-mentioned molecules.

[1] DL. Olson, TL. Peck, AG. Webb, RL. Magin, JV. Sweedler, Science, 1995, 270, 1967-1970.
[2] (a) RM, Fratila, MV. Gomez, S. Sykora, AH. Velders, Nat. Commun, 2014, 5, 3025.
[3] MV. Gómez, AH. Velders, NMR Microcoils for On-Line Reaction Monitoring. In Flow Chemistry:
Integrated Approaches for Practical Applications. RSC Publishing. Cambridge, 2020.
[4] V. Saggiomo and AH. Velders Advanced Science 2015. 2(9), 1500125
[5] (a) Mompeán, M.; Sanchez-Donoso, R.; de la Hoz, A.; Saggiomo, V., Velders, A.H., Gomez,
M. V. Nat. Commun., 2018, 9, 108. (b) Manuscript in preparation.
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Catalysis is key in chemical reactivity and has played a major role from the origin of life to our
present civilization. By means of combinatorial methods and with a relatively small numbers of atoms,
natural enzymes have achieved an extraordinary activity and specificity. Indeed, they allow to carry
out simple and complex reactions at low temperatures and with great selectivity to the desired product.
To achieve the objectives they combine uni and multifunctional active sites within specific cavities or
“pockets” in where reactants and transition states are selected and stabilized. By means of chemical
principles, it has been possible to design organocatalysts and molecular catalysts formed by transition
metal complexes and identify the elementary reaction steps occurring during the catalytic process.
Structural modifications are continuously attempted with these type of catalysts to achieve additional
stabilization factors, as it occurs with enzymes. Indeed, the flexibility of the ligands in transition metal
catalysts and in organocatalysts could, in principle, be designed to go beyond the active reactive site,
towards a structural stabilization of the transition state required for selectively catalysing the reaction.
In the case of solid catalysts, the objective for catalyst development should be the same. Firstly
to design solid catalysts with well-defined uniform single or multiple active sites for process
intensification, followed by preparing catalytic materials in where weak interactions and geometrical
parameters will direct the molecular diffusion and adsorption of reactants, while leading to a further
decrease in the enthalpy of activation without paying an excessive cost on the entropy of activation.
In our presentation, we will show our view and results on how to prepare solid catalysts by
synthesizing materials in where we can make accessible well defined active sites formed by isolated
single metal atoms or small metal clusters with 2-10 atoms and nanoparticles with different sizes and
shapes. With this background, we will present the preparation of multifunctional catalysts that will
include: Acid and base, metal and acid, metal and basic sites, for multistep reaction systems. The
concept of process intensification through catalysts design will be extended by preparing bi- or even
tri-functional catalysts in where enzymatic active sites work together with the inorganic active sites
named above, for chemoenzymatic process.
Finally, it will be showed how by introducing those well defined active sites in confined spaces
we can make also use the weak interactions with the surface of the solid catalysts with the
corresponding selection of the desired reaction pathway by minimizing the enthalpy of activation with
a low penalty on the entropy of activation. These effects will be achieved by “ab initio” synthesized
solid materials that will select reaction channels, location and nature of the active sites and the spatial
distribution of the surface atoms for optimizing the weak, but in some cases, determinant chemical
interactions.
We will also show how highthroughput (HT) synthesis and characterization of the materials,
together with HT theoretical calculations and reactivity studies is allowing a better understanding of the
catalytic phenomena together with an acceleration in the discovery of new catalytic materials.
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Historically, innovations in synthetic methods and reactions have changed the way scientists think
about designing and synthesizing materials and molecules. Indeed, novel synthetic methods not
only unlock access to previously unattainable structures, but also inspire new concepts as to how
we design and build materials to address global social, economic and industrial needs. In this
talk, I will present the concept of bond breaking in reticular materials as a new synthetic
methodology that we have named Clip-off Chemistry. Unlike most state-of-the-art synthetic
approaches, which use bottom-up strategies to link atoms and molecules through the formation
of new bonds, Clip-off Chemistry is based instead on the selective cleavage of existing bonds in
reticular materials, providing precise spatial control over bond cleavage. Therefore, Clip-off
Chemistry represents a new synthetic methodology, whereby the programmed selective
disassembly of reticular materials affords new molecules and materials. This disassembly occurs
at the molecular level through a chemical reaction; in our case, through ozonolysis, a gas/solid
reaction that enables cutting of constituent organic molecular building blocks or linkers via direct
cleavage of their alkene bonds. In this talk, I will show the principles of clip-off chemistry and the
first examples of structures and molecules synthesized through this synthetic strategy.
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Computer modelling has become a key feature to understand and predict existing and new
materials. From our extensive experience applying and developing computational models, we will
illustrate through examples and in a fully non-technical manner how computer models yield key
information for the understanding and characterization of novel Covalent Organic Frameworks
(COFs).
We will show how computer models predict the structure and properties of challenging
wavy[1] and 3D-interlaced[2] COF with remarkable accuracy, for instance:

In addition, we will discuss how the electronic properties of complex twisted COFs[3] as well
as of full families of conjugated 2D COFs[4] can be easily obtained and rationalized.
Altogether, we will demonstrate how state of the art computer models can be used as virtual
microscopes providing accurate and detailed pictures of the structure and properties of these
complex and fascinating materials.
References
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Subnanometer clusters of noble metals (MNCs) and single-atom catalysts (SACs) have
attracted a great deal of interest in the last years as extremely active and selective catalysts in
organic reactions.[1] Despite the efforts made, there is yet more work to be done in order to fully
understand the exact nature of the catalytic species and their reactivity. In this context, a type of
porous materials, named Metal-Organic Frameworks (MOFs), have emerged strongly in catalysis
as vessels to encapsulate nanosized species within their channels.[2-4] However, there are still a
number of gaps remaining related to control of the size, composition, dispersed nature, spatial
distribution, stability and confinement of nanosized species incorporated within MOF matrices.

Figure 1. Three–step postsynthetic process (a-d) for the obtention of MOF supported Pd4
clusters.
Here we report how the application of the emerging postsynthetic methods in preformed
MOFs (Figure 1), acting as nanoreactors, allow the obtention of well-defined MOF-supported
MNCs and SACs of unprecedented nature showing excellent catalytic performances.[5]
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The catalytic activity and selectivity of semiconductor-free carbon-based photocatalysts will
be presented and compared against classical catalysts in selected examples of solar-driven
degradation of pollutants. The influence of the pore confining effect and heteroatom-doping upon
the photochemical reactivity of carbon-based photocatalysts in aqueous-phase are revised and
discussed. It is concluded that a new definition of the turnover number (TON) and turnover
frequency (TOF) described in terms of the textural properties of nanoporous carbons is required
for the correct report of the activity if carbocatalysts. In this sense, our group have reported [1-5]
a catalytic reaction-rate constant as a function of the surface density of adsorbed molecules
(Figure 1). This new kinetic parameter permits to normalize the photochemical reactivity of
carbocatalysts in terms of the photocatalytic turnover frequency, here denoted as PTOF, which is
highly dependent of the pore size distribution and chemical surface groups of carbons.

Figure 1. Photocatalytic TOF for methylene blue (MB) photodegradation under solar irradiation
of S-, N- and O-doped nanoporous carbons.
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Electron tomography has become a fundamental tool for the 3D characterization of
nanomaterials. Even atomic resolution electron tomography and in situ investigations have
become possible. However, the bulk of these experiments was conducted on relatively stable
materials under the electron beam, since 3D characterization requires much more electron dose
than 2D imaging. Currently, many porous materials such as MOFs or Zeolites, which are of great
scientific interest in applications such as energy storage or biomedicine, turn out to be very
sensitive to the electron beam, hampering even their 3D characterization by electron microscopy.
Therefore, the development of advanced 3D characterization techniques is required. One of the
strategies recently proposed by our group consists of minimizing the beam exposure by acquiring
a tilt series of 2D high-angle annular dark-field scanning transmission electron microscopy
(HAADF-STEM) projection images simultaneously as the holder tilts. This results in an electron
dose reduction of almost an order of magnitude and reduces the acquisition time significantly.[1,2]
On the other hand, novel low-dose imaging techniques, such as integrated differential phase
contrast (iDPC) imaging in STEM mode, can be considered the next step towards 3D imaging of
beam sensitive materials. For nonmagnetic and thin samples, iDPC-STEM yields images that can
be directly connected to the projected electrostatic potential of the atoms in the sample, allowing
the use of an extremely low electron dose while maintaining an adequate signal to noise ratio.[3]
In this contribution, the different acquisition strategies coupled with advanced
reconstruction techniques will be compared in terms of speed, resolution, and electron dose,
based on experimental tilt series acquired for two relatively beam-sensitive Zeolites: SBA-16 and
MCM-41 particles, filled up with more sensitive Halide Perovskite nanoparticles. Moreover, we
will make a quantitative comparison between the HAADF-STEM tilt series and the iDPC-STEM
tilt series.

Figure 1. Images of the 3D reconstructions (in black & white) and orthoslices (in blue) of the same
SBA-16 particle filled with PbCsBr3 nanoparticles obtained with fast HAADF-STEM tomography
(a) and iDPC-STEM tomography using a standard acquisition method (b). Dose per pixel of 1
e/Å2.
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Relatively complex organic reactions are little explored with nanostructured solid material
catalysts, since the latter have been traditionally used in fields somewhat away of organic
synthesis, such as petrochemistry and water treatment, to name a few. Besides, the spatial
restrictions imposed by the structured materials have been viewed as an unsurmountable issue
when dealing with relatively big molecules. Here we show that this view can be incorrect in many
cases, and that molecules of interest in fine chemistry and natural product synthesis, with sizes
>1 nm in some cases, can be efficiently managed by structured solid catalysts, containing metal
species or not, to give reactions of interest in synthetic organic programs.[1]
For the sake of illustration, not only classical reactions such as the hydrosilylation of
alkenes,[2] acetal hydrolysis,[3a] the Büchner reaction,[3b] the cyanosilylation of ketones,[4a] the
Nazarov reaction,[4b] heterocyle formation[4c] or carbon–carbon cross–coupling reactions,[5] but
also very recent reactions with promising uses in organic synthesis, such as the carbonyl–olefin
metathesis[6] and the hydrosilylation of alkynes,[2] will be shown. In some cases, the
regioselectivity of the organic reaction is reversed by the action of the nanostructured solid, which
opens new ways in the use of solid catalysts in organic synthesis. Metal species can also be
supported onto the solid, to produce multifunctional catalysts, where the nanostructured solidmetal interaction plays a key role during the catalysis.

Organic
products

Organic
substrates

(Metal supported) zeolites and MOFs
Figure 1. Zeolites and MOFs containing or not metal species (represented as green balls)
catalyze different organic reactions of interest in fine chemistry and natural product synthesis.
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In the current scenario dominated by crude oil and natural gas, we must seek renewable
resources to fulfill the increasing needs of society. Lignin and (hemi)cellulose are readily available
from biomass, and the design of efficient catalytic systems to upgrade them will be key to establish
a sustainable economy.
Here we address the role of metal–organic frameworks (MOFs) as heterogeneous
catalysts. These materials present well-defined sites, highly tunable node-linker combinations,
and diverse porosity, which is beneficial for biomass conversion processes. In particular, we focus
on the valorization of alkyl levulinates (easily obtained from sugars) to gamma-valerolactone (a
platform molecule used as feedstock, solvent, and fuel) by means of thermally stable Zr-based
MOFs.[1] We approach this challenge from a computational perspective, where the use of
quantum mechanical simulations (periodic DFT) allows us to understand the reaction
mechanisms at atomic level of detail. The computational results indeed provide precise structural
and mechanistic insight to guide the experimental screening of new catalysts, such as metal
doping and linker functionalization.
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Metal- and Covalent-Organic Frameworks, composed of molecular components connected
to give porous architectures, have demonstrated to be unexpectedly dynamic. However, porous
framework materials have been commonly regarded as static frameworks, mostly driven by a
conventional understanding of crystallinity.
In this talk, we will discuss how this idea is incomplete and needs to be rethought. What is
the real structure of a nanoporous material under working conditions? Which is the role of atomic
distortions and rearrangements in the ultimate catalytic properties of a porous material? By using
advanced X-ray scattering characterisation tools, such as the Pair Distribution Function (PDF)
analyses,[1] we can look at the atomic structure of materials regardless their degree of
crystallinity. This approach is pivotal to provide a better understanding of catalytic materials under
conditions relevant for applications.[2,3]

Figure 1. Pair Distribution Function (PDF) is a powerful characterisation tool which analyses both
Bragg and diffuse scattering signals simultaneously.
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Innovations in chemical synthesis have yielded, throughout history, the discovery of new materials
and molecules. Every new reaction and methodology not only helps to expand accessible
chemical space, but also inspires researchers to explore new ways of thinking and further
innovate in the iterative design and preparation of new chemical targets. The most common
synthetic approaches consist in bottom-up strategies where bonds are formed linking atoms or
molecules forming bigger compounds. Recently, in our research group, we have explored a new
approach developing a novel synthetic methodology called Clip-Off Chemistry. This new synthetic
strategy aims to generate new materials and molecules by the selective, rational cleavage of
covalent bonds in reticular materials, such as Metal-Organic Frameworks (MOFs) and MetalOrganic Polyhedra (MOPs), providing precise spatial control over the final structure. This
controllable cleavage of the bonds occurs through the ozonolysis of alkene bonds, at the
molecular level. In this communication, we will explain how a Metal-Organic Polyhedra/Cage
(MOP) can be transformed into a Metal-Organic Macrocycle using Clip-Off Chemistry. As a
starting point, a Rh(II)-based MOP (Rh-MOP) formed by two types of ligands, one with and
another without olefinic groups, was synthetized. Afterwards, the ozonolysis reaction was applied
to this Rh-MOP, selectively breaking the ligands containing the olefinic groups and thus, splitting
the MOP into two new Rh-Macrocycles.[1] The synthesized Rh-Macrocycle consists on a triangle
formed by three four connected Rh(II) paddlewheels units linked each other by three 5-tertbutylisophthalic acids and with six pendant isophthalic linkers. The Rh-Macrocycle was
characterized by 1H-NMR, UV-vis and MALDI-TOF. Following the same strategy, we will also
demonstrate that other unprecedented Rh-Complexes can be synthesized using this Clip-Off
Chemistry.
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Weak forces can play an essential role in chemical reactions1. Controlling such subtle forces in
reorganization processes by applying thermal or chemical stimuli represents a novel synthetic
strategy and one of the main targets in supramolecular chemistry2. Actually, to separate the
different supramolecular contributions to the stability of the 3D assemblies is still a major
challenge. Therefore, a clear differentiation of these contributions would help in understanding
the intrinsic nature as well as the chemical reactivity of supramolecular ensembles. In the present
work, a controlled reorganization of an hexakis[60]fullerene-based molecular compound purely
governed by the weakest van der Waals interactions known, i.e. the dihydrogen interaction –
usually called sticky fingers – is illustrated3. This pre-reorganization of the hexakis[60]fullerene
under mild conditions allows a further selective hydrogenation of the crystalline material via
hydrazine vapors exposure. This unique two-step transformation process is monitored by singlecrystal to single-crystal diffraction (SCSC) which allows the direct observation of the molecular
movements in the lattice and the subsequent solid–gas hydrogenation reaction4.

Figure 1. llustration summarizing the hexakis[60]fullerene supramolecular reorganization and
the solid-state reactivity hydrogenation with hydrazine under mild condition.
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Environmental pollution is becoming a major issue due to novel and dangerous
anthropogenic pollutants. Of particular concern are the “Emerging Organic Contaminants
(EOCs)”, term used not only to cover already known contaminants but also newly developed
compounds with negative effects for the environment and human health. Despite several
strategies have been proposed for the EOCs exclusion, the insufficient EOCs removal of these
processes makes necessary to search new efficient alternatives.
Among the novel technologies considered in water remediation, Metal-Organic
Frameworks (MOFs) are regarded as promising materials for the elimination of EOCs, since they
present many properties that commend them in water treatment: large surface area, easy
functionalizable cavities, some are stable in water, etc.[1] We study the application of highly stable
and porous MOFs in the removal (adsorption and/or photodegradation) of EOCs from water under
real or comparable conditions (i.e. using tap or river water, studying the half-life and recyclability
of MOFs, under continuous flow conditions). To further improve the EOCs elimination capacity of
MOFs, we reduced particle size, introduced different functional groups on the aromatic linker,
created defects on the MOF network or stabilized metallic nanoparticles in their porosity. These
porous materials can incorporate or degrade different challenging EOCs (e.g. sulfamethazineSMT) achieving efficient removals. Among all the tested materials, we want to highlight an
optimized ultrafast photoreduction protocol for the in situ synthesis of tiny and monodispersed
silver nanoclusters (AgNCs) homogeneously supported in the photoactive porous Ti-MOF MIL125-NH2 or [Ti8O8(OH)4(BDC-NH2)6].[2] The strong metal-framework interaction between -NH2 and
Ag clusters limits the AgNCs growth, leading to a surfactant free efficient catalyst (AgNC@MIL125-NH2) with improved visible light absorption. AgNC@MIL-125-NH2 was able to efficiently
photodegrade methylene blue (MB-dye) and SMT (antibiotic) (92% of MB in 60 min and 96% of
SMT in 30 min). Aside from these promising results, this study describes for the first time the use
of a MOF in a visible light continuous flow reactor for wastewater treatment. With only 10 mg of
AgNC@MIL-125-NH2, a high SMT removal efficiency over 70% is maintained after >2 h using
water flow conditions found in real wastewater treatment plants, envisioning their future real
applications in water remediation.
In a further step to reduce EOCs contamination, particularly originated in the agroindustry,
we have developed a novel MOF structure using the biopesticide glufosinate and Cu as building
blocks, specially tailored for the controlled release of these complementary active pesticide and
antibacterial ingredients. The chemistry of MOFs is applied here at the source-through a rational
synthesis, not as stopgap measure of the contamination. This novel material exhibits antibacterial
activity against S. aureus and E. coli, improving the results obtained with its individual or physically
mixed precursors (glufosinate and Cu(NO3)2).
All these results evidenced the potential of MOFs in the reduction of environmental
contamination, envisioning their future real application.
Acknowledgements: to the national MICIU projects Retos MOFSEIDON (PID2019104228RB-I00) and Retos Colaboración ESENCE (RTC2019-007254-5).
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Covalent organic frameworks (COFs) are crystalline, highly ordered, porous polymers
formed by the self-assembly of purely organic building blocks. Typically, the functionalities of the
resulting COF structures are pre-determined by the design and synthesis of functionalized
monomers. However, COF formation may be hampered by incompatibility of the functional groups
with the COF synthesis conditions, steric hindrance by bulky substituents, or low solubility of the
building blocks. To address these challenges, post-synthetic modification (PSM) can be employed
to tailor the COF structure without compromising its crystalline nature. However, PSM often
requires the use catalysts or harsh reaction conditions, which poses a challenge in the case of
chemically sensitive classes of materials, such as boronic-ester-based COFs.[1]
Here, a PSM strategy is presented for the expansion of π-conjugation in COFs, giving
access to pyrene-fused azaacenes in a boronic-ester-based COF. First, model compounds were
prepared to study the optical properties, such as light absorption and distinct emission in the
visible spectral range. Then, we optimized catalyst-free conditions to convert our previously
reported Dione-COF[2] to the respective azaacene COFs with yield up to 30% without
compromising the long-range order of the materials. The presented strategy is expected to find
application in the functionalization of COFs beyond boronic-ester-based materials to allow for
tailored optical properties.
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MOF-based biocomposites in which MOFs are used as efficient scaffolds is a prolific topic
in the field of MOFs that is providing innovative biotechnological solutions. These biocomposite
structures offer unique functions since permit high loadings of bioactive compounds while
preventing their degradation under challenge operational conditions (e.g., changes in pH,
presence of denaturing agents, high temperatures). In addition, thanks to the hybrid nature of
MOF scaffolds and their plausible chemical design, a programmed triggered release of bioactive
molecules can be achieved, which facilitates their ample use in desired biotechnological uses.
Herein we describe the preparation of biohybrid MOF-based nanostructures enclosing
different bioentities.[1,2] We will cover the different strategies used for biocomposite preparation,
such as infiltration and in situ immobilization including the specific characterizations employed for
biocomposite determination. Finally, we will show that it is possible to promote biomolecule
triggered release from the biocomposite, thus enabling improved antimicrobial activity, among
other biological performances.

Figure 1. Different methods to obtain biohybrid MOF-based nanostructures.
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In response to the energetic demand, the generation of solar fuels has appeared as a sustainable
alternative. In previous studies, conjugated porous polymers (CPPs), have been shown to
possess great photocatalytic properties, especially when combined with inorganic
semiconductors (e.g. TiO2) in hybrids materials. [1,2]
Covalent organic frameworks (COFs) present organic building blocks that can be reticulated via
strong covalent bonds into well-ordered 2D and 3D extended crystalline frameworks. They have
gained significant recent attention as highly promising H2 evolution photocatalysts.
Polymers based on boron-centered fluorophores are very interesting materials for photocatalytic
conversion of solar energy due to their excellent photophysical properties and high photostability.
[3]
Some of the more successful fluorophores in the literature belong to the boron dipyrromethene
(BODIPY) family of compounds. These dyes, which are composed of a dipyrromethene bonded
to a central BF2 unit (see scheme below), present an excellent chemical versatility for their use in
energy conversion in photovoltaic devices or hydrogen production. [4]
Herein, we report the design and synthesis of an unprecedented COF based on BODIPY dye.
Moreover, we have scrutinized its photocatalytic properties in comparison with its amorphous
analogue CPP based on BODIPY, whose synthesis was previously reported. [3] For this purpose,
hybrid organic-inorganic material was obtained by mixing polymers and TiO2. The photocatalytic
activity of this materials was tested in the hydrogen production reaction. The results prove that
there are clear evidences of a correlation between the photocatalytic activity of these polymers
and their crystallinity.
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The photochemistry and photophysics of Hydrogen-bonded organic frameworks (HOFs) have
attracted renewed attention as another type of promising candidates for fluorescent functional
porous materials. In this contribution, I will show our recent advances in HOFs photochemistry
and photophysics, focusing on those composed of hexatopic building block molecules, which can
provide robust frameworks with a wide range of topologies and properties[1,2]. I will focus on their
photophysics at the ensemble and single-crystal levels, and discuss their photonic applicability.
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Ceramic monoliths with cellular structure are widely used as catalytic supports in several industrial
applications. These materials stand out for the high mechanical resistance, low pressure drop,
the thermal stability and the versatility provided by the use in modular systems (cleaning,
replacement, etc). However, in this type of ceramic materials, the surface characteristics (porosity
and surface chemistry) cannot be widely modified and tailored, and the geometry is limited to
designs obtained by extrusion, consisting of parallel channels that impose laminar flow regime to
the fluid.1 This limits the efficiency of the usually expensive active phases loaded on the channel
walls, as laminar flow hinders radial diffusion of the fluid, and heat and mass radial diffusion are
impeded. The use of the 3D printing technology to prepare monoliths with specific configurations
would be a breakthrough in the field of catalysis, however the potential of 3D-printing technology
has not likely been significantly exploited in heterogeneous catalysis yet. As an advanced
solution, in this work we report the synthesis of integral carbon gels-based monoliths with unique
properties by combining the versatility of the sol-gel process and the 3D-printing technology (Fig.
1a). Advanced carbon monoliths were prepared with a complex network of interconnected
channels and were tested for CO-PrOx reaction after loading CuO/CeO2 active phase in
comparison with conventional honeycomb monoliths (Fig b).

Figure 1. a) Images of organic and carbon monoliths: general views and transversal section. b)
SEM images of carbon monoliths and CuO/CeO2-supported catalysts. Above: conventional
design and below: tortuous design. c) Active phase distribution on the surface of carbon monoliths
with different porosity. Left: Channel Branch, centre: Channel wall and Right: channel entrance
(transversal section).
Catalytic Results shown that the wide macroporosity of carbon network favors the anchoring and
dispersion of active phase both in the channel surface and the carbon network. The channel
architecture affects the gas diffusion both thorough the channel and the carbon network and
consequently, affects the active phase accessibility and activity. T50 (the temperature to achieve
the 50% of CO conversion) decreases almost 13 ᵒC at 240 mL/min in the carbon monolith with
tortuous channels (T50 =79.7 ᵒC) regarding the honeycomb monolith (T50 =93.1 ᵒC). The
turbulent path created by the tortuous channels favours the active phase-gas contact and even,
the gas diffusion inside the macroporosity of the carbon skeleton improving the catalytic
performance of the active phase regarding the conventional honeycomb design. Therefore, we
demonstrate that additive manufacturing technologies provide a disruptive transformation in how
catalysts are designed and manufactured and provide a new synthesis method in which 3Dprinting technologies is incorporated to create new and advanced carbon-based catalysts, which
cannot be obtained by the traditional technology.
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Antibiotics and anti-inflammatories are some of the most commonly detected organic
microcontaminants in municipal wastewater, posing a disturbing hazard since these compounds
are toxic even at trace level [1,2]. Various processes have been applied to eliminating
pharmaceutical compounds in water. Adsorption is a separation process that has attracted
considerable attention due to the low operating costs and availability of different adsorbents.
The importance of the textural and physicochemical characteristics upon the adsorption
capacity of the commercial activated carbons (ACs) Coconut, Wood, Merck, Darco, and Norit
towards ronidazole (RNZ) and diclofenac (DCF) from water solution was investigated thoroughly
in this work. At pH = 7, Coconut AC and Wood AC presented the highest adsorption capacity
towards RNZ (444 mg/g) and DCF (405 mg/g). The maximum mass of RNZ adsorbed onto
Coconut AC was higher in this study than those outlined previously in other works. Besides, the
maximum capacity of Wood AC for adsorbing DCF was comparable to those found for other ACs.
The adsorption capacity of all the ACs was increased by surface area and was favored by
incrementing the acidic site concentration. The π-π stacking interactions were the predominant
adsorption mechanism for the RNZ and DCF adsorption on ACs, and the acidic sites favored the
adsorption capacity by activating the π-π stacking. Electrostatic interactions did not influence the
adsorption of RNZ on Coconut AC, but electrostatic repulsion decreased that of DCF on Wood
AC. The adsorption of DCF on Wood AC was reversible but not that of RNZ on Coconut AC.
Besides, the adsorption of RNZ and DCF on the Coconut and Wood ACs was endothermic in the
range of 15–25 °C.

(b)

(a)

Fig 1. Adsorption isotherms of a) RNZ and b) DCF at pH=7 on ACs at T=25 °C and I=0.01 N
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MOFs are highly porous crystalline materials built from inorganic units connected by
polydentate organic ligands. Due to their great structural and compositional variety, together with
their high porosity and well-defined porosity, these materials are excellent candidates in multiple
social and industrial applications (energy, catalysis, biomedicine, environment, etc.) [1]. In the
field of energy storage, MOFs have been used as precursors for the preparation of nanostructured
porous carbons for their application as electrodes in different energy storage devices [2].
Nanoporous carbon materials can be obtained by MOFs carbonization, however this process is
usually accompanied by a partial or complete collapse of both their original morphology and
porous framework.
In this communication, we propose the transformation of MOFs into nanostructured porous
carbons, using the selective etching of metals with chlorine gas, which is a technique that has
been used successfully in metallic carbides and organometallic compounds as a synthetic tool to
prepare carbons maintaining both the crystalline morphology as well as the porous structure of
the precursor [3]. The structural and electrochemical results corresponding to the chlorination of
the promising MOFs IEF(Zn) and UPG-1 (Zr) will be presented.
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There is a large interest in the sustainable production of H2 from H2O using solar energy.
In this context, heterogeneous photocatalysis is a promising technology for the overall water
splitting into H2 and O2.[1] In the recent years, metal-organic frameworks (MOFs) have emerged
as novel and potential candidates for this purpose. MOFs are a class of highly porous crystalline
solids constituted by metal ions or metal clusters coordinated to organic ligands.[2] Some of the
salient properties of MOFs are their high tunability and flexibility for the preparation of efficient
photocatalysts with adequate physico-chemical and electronic properties. In fact, a large number
of examples have reported the use of MOFs as heterogeneous photocatalysts for H2 generation
from water using sacrificial agents.[2] Among them, UiO-66(Zr) (Universitetet i Oslo) constituted
by Zr-oxo clusters coordinated to 1,4-benzenedicarboxylates having an ideal formula
Zr6O4(OH)4(OOC-C6H4-COO)6 has been one of the preferred solids. Interestingly, theoretical and
experimental evidences have demonstrated that the introduction of Ce4+ or Ti4+ ions in the metal
cluster of UiO-66(Zr) facilitates the photoinduced ligand-to-metal charge transfer (LMCT)
mechanism and, therefore, its photoactivity.[3,4] Since 2017, our group and others have
continuously reported the possibility of using MOFs as photocatalysts for the overall water in the
absence of sacrificial agents.[5,6]
In this communication we describe the development of a trimetallic UiO-66(Zr/Ce/Ti)
photocatalyst with enhanced visible-light activity respect
to their analogous mono- or bimetallic MOFs for the
overall water splitting.[7] The UiO-66(Zr/Ce/Ti)
photocatalyst can achieve a H2 and O2 production of 210
and 70 mol g-1, respectively, after irradiation with
visible light during 22 h. Fluorescence and timeresolved absorption spectroscopies revealed favourable
charge separation efficiency when using the trimetallic
UiO-66(Zr/Ce/Ti). These results open new avenues for
the development of efficient MOF-based photocatalysts
for the production of solar fuels.
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The intrinsic properties of titanium such as its high polarizing power, low-toxicity, natural
abundance or photo-redox activity endows Titanium-Organic Frameworks with desirable chemical
stability or photocatalytic activity.1 Applications of Ti-MOFs in photocatalysis are continuously
expanding due to the unique properties that can arise from the combination of high surface area,
crystallinity, good photostability and photoactivity.2
The processing of this family of MOFs as thin films might offer interesting advantages for their
use as porous photoelectrodes well adapted to energy conversion applications. This would ease
the assessment of their performance by direct electrochemical and photoelectrochemical
analysis. However, the challenging chemistry of titanium ions in solution is not only detrimental to
crystal formation, but also difficult significantly the fabrication of thin films either by controlled
formation of nanoparticles prior to deposition or direct synthesis on a solid substrate.
With this goal in mind, we will describe two different approaches to tackle this problem. First, we
will introduce the use of amphiphilic modulators to control the size and colloid stability of titanium
nanoMOFs for their processing as thin films with porosities near to the pristine framework.3 Next,
we will introduce an alternative approach towards thin film formation that makes use of the metalinduced topological transformations recently reported by our team.4 Inspired by the vaporassisted conversion reported by Medina et al., our results suggest that this route is also
compatible with the fabrication of thin films of heterometallic frameworks, that are not accessible
to other methods used conventionally and might open the door for the exploitation of mixed-metal
chemistry in applications reliant on a solid support.

Figure 1 Different approaches for the processing of titanium MOFs as thin films a) Spin coating
b) Vapor-assisted conversion method
References
[1] Hala Assi, Georges Mouchaham, Nathalie Steunou, Thomas Devic, Christian Serre. Chem.
Soc. Rev., 2017, 46, 3431-3452.
[2] Javier Castells-Gil, Natalia M. Padial, Neyvis Almora-Barrios, Rodrigo Gil-San-Millán, María
Romero-Angel, Virginia Torres, Iván da Silva, Bruno C.J. Vieira, Joao C. Waerenborgh, Jacieck
Jagiello, Jorge A.R. Navarro, Sergio Tatay, Carlos Martí-Gastaldo. Chem, 2020, 6, 3118-3131.
[3] María Romero-Angel, Javier Castells-Gil, Víctor Rubio-Giménez, Rob Ameloot, Sergio Tatay,
Carlos Martí-Gastaldo. Chem. Commun., 2017, 57, 9040-9043.
[4] Natalia M. Padial, Belén Lerma-Berlanga, Neyvis Almora-Barrios, Javier Castells-Gil, Iván da
Silva, María de la Mata, Sergio I. Molina, Jesús Hernández-Saz, Ana E. Platero-Prats, Sergio
Tatay, Carlos Martí-Gastaldo., J. Am. Chem. Soc., 2020, 14, 6638-6648.

548

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S16-FP03

SELECTIVE INCORPORATION OF DIAMINES FOR COOPERATIVE
CATALYSIS IN ISORETICULAR HETEROMETALLIC Ti-MOFS
Elena López-Mayaa, Natalia M. Padiala, Javier Castells-Gila, Carolina R. Ganiveta, Ana RubioGaspara, Francisco G. Cirujanoa, Neyvis Almora-Barriosa, Sergio Tataya, Sergio Navalónb and
Carlos Martí-Gastaldoa
a

Functional Inorganic Materials team, Instituto de Ciencia Molecular, Universidad de Valencia.
Catedrático Jose Beltrán-2, 46980, Paterna (Spain).
b

Departamento de Química e Instituto Universitario de Tecnología Química CSIC-UPV,
Universitat Politècnica de València, c/Camino de Vera, 46022, Valencia (Spain).
e-mail: elenalopez@usal.es

Keywords: cooperative catalysis, MOFs, heterometallic clusters, cycloaddition of CO2.
Metal–Organic Frameworks (MOFs) have arisen as promising materials for cooperative
catalysis due to the combination of high surface areas, dense number of open metal sites and
crystalline structures for controllable arrangements of active sites and additional catalytic units
In this regard, we have recently shown the formation of MUV-10 system [TiIV3CaII3(µ3O)2(btc)4(H2O)6] (btc = benzene-1,3,5-tricarboxylic acid), a robust MOF exhibiting (the) topology.
[1] The modular and tunable properties of MUV-10 make it an ideal candidate for cooperative
heterogeneous catalysis. For instance: i) the presence of coordinatively unsaturated metal sites;
ii) high thermal and chemical stability allows an easy postsynthetic modification to incorporate a
huge variety of catalytically active sites; and iii) heterometallic material properties (possibility to
target the integration of catalytic groups thanks to their different affinity for each metal).
In the present communication, we introduce the first example of isoreticular titanium–
organic frameworks, MUV-10 and MUV-12 [TiIV3CaII3(µ3-O)2(btb)4(H2O)6] (btb = 3,5-tris(4carboxyphenyl)benzene) to demonstrate the ability of heterometallic Ti2Ca2 clusters to direct the
selective implantation of diamines to the soft Ca(II) sites in the inorganic node (Figure 1). This
results in the combination of Lewis acid Ti(IV) centers and available -NH2 sites. [2] The presence
of acid and basic centers in sizeable pores allows the catalytic cycloaddition of CO2 to epoxides
at room temperature and atmospheric pressure.
To sum up, this work shows the selective grafting of molecules to heterometallic clusters
adds up to the pool of methodologies available for controlling the positioning and distribution of
chemical functions in precise positions of the framework required for definitive control of pore
chemistry

-H20

Figure 1. Creation of two types of open metal sites (hard and soft) generated by thermal treatment

References
[1] J. Castells-Gil, N. M. Padial, et al. Angew.Chem. Int. Ed. 2018, 57,8453 –8457
[2] E. López-Maya, N. M. Padial, et al. Angew. Chem. Int. Ed. 2021, 60, 11868 –1187
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Bond-breaking is an essential process in synthetic chemical transformations, and the ability
for researchers to strategically dictate which bonds are broken translates to greater synthetic
control. Recently, our group presented a new synthetic approach, called Clip-off Chemistry,[1]
which is based on transferring the selective bond-breaking into reticular materials, crystalline
periodic structures extended by strong coordination or covalent bonds. Here, the bond-breaking
takes place at the molecular level, in a periodic, quantitative and selective fashion, translating into
the programmed disassembly of reticular materials. This disassembly occurs through ozonolysis,
a reaction that enables the selective cleavage of alkene groups localized in the structure of these
reticular materials. As proof-of-concept, we will show how Clip-off Chemistry can be applied to
synthesize two topologically distinct 3D MOFs (Zr-pcu-MOF and Sc-pcu-MOF) via rational
cleavage of two 3D MOFs (Zr-scu-MOF and Sc-soc-MOF, respectively; see Figure below) where
the alkene groups are initially inserted into the pre-selected frameworks, and then, cut off the
organic MBBs via ozonolysis, a gas/solid reaction that selectively cleave their alkene bonds. With
these two first examples, we will show that the cleavage in reticular materials can be periodic,
quantitative and selective; and can occur in a single-crystal-to-single crystal fashion across the
entire bulk precursor sample. Moreover, we demonstrated control over the cleavage of each
olefinic bond into carboxylic acid groups using oxidative conditions.
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Metal–organic frameworks (MOFs) represent a class of crystalline porous materials which can be
tailored for desired applications through the choice of the constituting building blocks. However,
difficulties of processing the polycrystalline powder of MOFs limit their application.[1] In this
communication, we report the synthesis of UiO-66 in the presence of a well-defined poly
methacrylic acid-b-poly methylmethacrylate (PMAA-b-PMMA) nanoparticles (NPs) prepared via
Reversible Addition−Fragmentation Chain-transfer Polymerization controlled Polymerization
Induced Self-Assembly (RAFT-PISA).[2] The PMAA-b-PMMA NPs with multi carboxylic acid
groups on their surface, well defined in shape and size, act as multivalent connecting agent for
the synthesis of the UiO-66. The resulting colloidally stable UiO-polymer nanoparticles are
crystalline, porous, and with an improved processability as was demonstrated by the preparation
of a thin film nanocomposite (TFN) membrane. This membrane was applied in the filtration of
Nickel(II) phthalocyanine-tetrasulfonic acid tetrasodium salt aqueous solution obtaining a water
permeability circa 20 L m-2 h-1 bar-1 with a rejection of more than 90%.

ZrCl4
+
600 nm

TFN membrane
Terephthalic acid

Preparation

+
UiO-polymer
suspension

TFN membrane

PMAA-b-PMMA NPs

Scheme 1. Thin film nanocomposite (TFN) membrane preparation from the colloidally stable
UiO-polymer nanoparticles suspension.
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Taking into account the great potential of metal-organic frameworks (MOFs), this work is
focused on a new class of analogous porous materials in which coordination bonds are released
from guiding the crystal structure and supramolecular interactions play this role. These materials,
supramolecular metal-organic frameworks (SMOFs), which contain accessible voids constitute
an alternative to more conventional MOFs. In previous works we have studied the adenine
molecule as a ligand due to its great coordination versatility and also its capacity to establish
strong supramolecular recognition patterns. In fact, there are several examples of metal–adenine
SMOFs sustained by complementary hydrogen bonds that present an open structure and
permanent porosity.[1]
In this work, we also reproduce one of the characteristics of MOFs that is the generation
of isoreticular series, in which the topology is retained but the size of the pores is modified altering
the length of the organic linkers (Figure 1). In this sense, it has been possible to create an
analogous supramolecular system based on [Cu7(μ-adeninato)6(μ3-OH)6(μ-H2O)6]2+ entities in
which we change the dicarboxylate organic anion incorporated in the structure. In all cases, the
supramolecular interactions involve π-π stacking between the adeninato moieties of adjacent
cationic heptameric entities and also held by the carboxylate anions and the adeninato ligands.
The overall supramolecular architecture is reinforced by additional hydrogen bonds with the
hydroxido bridges. Therefore, the topology of the supramolecular structure is retained but the
pore sizes can be tailored based on the length of the dicarboxylic organic anion, which produces
a profound effect on the adsorption capabilities of the compounds both in gas phase and in
solution. This feature coexists with the flexible nature of the supramolecular architecture that
presents a breathing effect depending on the filling of the pores.

Figure 1. Image depicting the molecular feature of the copper/adeninato heptameric entity and
the effect of the dicarboxylate counterion length on the porosity.
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The catalytic hydroboration of alkenes is a transformation of vital importance, which is used
to obtain organoboranes as versatile intermediates for cross coupling reactions.[1] In this field,
many catalysts have been developed by employing first-row transition metal complexes with a
low oxidation state.[2] Although these catalysts are an interesting alternative to precious metalcatalysis due to their lower cost and toxicity, sometimes they also require elaborated bulky ligands
to protect the metal from intermolecular deactivation.[3] Moreover, these catalysts are hardly
recyclable and require purification efforts to remove them from the product.
Herein, we report the first use of a 2D Covalent Organic-Framework (COF) material to
stabilize a low oxidation state cobalt center. This site-isolated cobalt catalyst is capable of
promoting the hydroboration of terminal alkenes as well as isomerization-hydroboration tandem
reactions on internal alkenes with good yield and selectivity. The high porosity of the material
could facilitate diffusion of substrates, while the robustness of the material allows the catalyst to
be reused six times without losing activity or selectivity. Furthermore, the nature of the reduced
metal inside of the material was analyzed by x-ray absorption spectroscopy.
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Tackling the increasing impact of agrochemicals on aquatic environments has become a
necessity for health and ecological reasons. Herein, we report the use of eco-friendly water-stable
isoreticular MOFs as adsorbents for the removal of neonicotinoid insecticides from water.[1] In
particular, the novel multivariate MOF {SrIICuII6[(S,S)-methox]1.5[(S,S)-Mecysmox]1.50(OH)2(H2O)}
.
36H2O (5) exhibits the higher removal efficiency, capturing 100% of acetamiprid and thiacloprid
in a single capture step under dynamic solid-phase extraction conditions –less than 30 seconds.
Such unusual outstanding efficiency, high stability in environmental conditions, and low-cost
straightforward synthesis in 5, place this material among the most attractive adsorbents reported
for the removal of this type of contaminants.

Figure 1. Perspective views of acetamiprid@5 (a) and thiacloprid@5 (b)

[1] Mon, M.; Lloret, F.; Ferrando-Soria, J.; Martí-Gastaldo, C.; Armentano, D.; Pardo, E. Selective
and Efficient Removal of Mercury from Aqueous Media with the Highly Flexible Arms of a BioMOF.
Angew. Chemie Int. Ed. 2016, 55 (37)
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Metal-organic frameworks (MOFs) have recently generated excitement due to their
versatility for a broad range of applications, including switchable materials, drug delivery and
photocatalysis. However, their suboptimal light absorption and mechanical instability hamper their
penetration in the industry, where high flow pressures and high efficiencies are required. We have
developed MOFs that show mechanical properties outperforming those of any previous porous
material,[1] with pore features and surface chemistry that can be finely tuned, and a porous
network that can host different types of guests[2] with full control over confinement grade, such as
halide perovskites (PVK).[3] PVKs are emerging materials with unique optoelectronic properties
that have put them at the forefront of light-harvesting technologies, including photovoltaics, light
emission devices and photocatalysis. However, their poor atmospheric stability when exposed to
humidity and oxygen limits their widespread application and deployment.
Herein we propose a new type of PVK@MOFs hybrid composite that leverages the
excellent light absorption and charge generation properties of PVKs together with the high
density and high optical quality of our MOFs, whilst using the combined properties to
overcome PVKs' instability. This synergy results in a real alternative for optoelectronic
applications with the additional gain of having tunable properties, high performances and material
longevity with a minimised material volume.
[1]
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[2]
A) Horcajada, P. et al. Nat. Mater. 2010, 9, 172; b) Zhang, H. B. et al. Nano Energy 2016, 22,
149; c) W. et al. Energy Environ. Sci. 2015, 8, 568; d) He, H. et al. Adv. Mater. 2019, 31, 1806897;
e)
Aguilera-Sigalat,
J.
et
al.
Coord.
Chem.
Rev.
2016,
307,
267.
[3]
a) Avila, E. et al. To be submitted; b) Zhang, C. et al. Nat. Commun. 2017, 8, 1138.

555

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S16-FP11

TUNABLE PROTON CONDUCTIVITY AND COLOR IN A NONPOROUS
COORDINATION POLYMER VIA LATTICE ACCOMMODATION OF SMALL
MOLECULES
E. Resines-Urien,a A. Develioglu,a E. Fernandez-Bartolome,a R. Poloni,b L. Martín-Pérez,a S. J.
Teat,c J. Sanchez Costaa and E. Burzuría
a

IMDEA Nanociencia, Madrid, Spain

b

CNRS, SIMAP, Université Grenoble Alpes, Grenoble, France

c

Advanced Light Source (ALS), Berkeley Laboratory, Berkeley, USA
e-mail: esther.resines@imdea.org

Keywords: coordination polymer, non-porous, sensing, proton conductivity
Efficient and low cost detection of harmful volatile organic compounds (VOCs) is a major
health and environmental need in industrialized societies. For this, tailor-made porous
coordination polymers are emerging as promising molecular sensing materials thanks to their
responsivity to a wide variety of external stimuli. Nonporous coordination polymers (npCPs) able
to accommodate molecule through internal lattice reorganization[1,2] are uncommon materials with
applications in sensing and selective gas adsorption.[3]
Here, a non-porous crystalline 1D Fe(II) coordination polymer acting as a porous
acetonitrile host is presented.[4] The desorption of interstitial acetonitrile is accompanied by
magneto–structural transitions easily detectable in the optical and electronic properties of the
material. This structural switch and therefore its (opto)electronic readout are reversible under
exposure to acetonitrile vapor. In addition, an analogue npCP is formed by in situ exchange of
these weakly bound acetonitrile molecules by pyrrole, resulting in a different optical response.[5]
Therefore, the color and conduction properties are determined by the weakly bonded molecules
in the lattice. These findings open the door to the design of switchable protonic conductors and
capacitive sensors working at low humidity levels and with selectivity to different molecules.

Figure 1. a) Crystal structure of 1·2CH3CN, (Fe represented in purple, C in grey, N in blue, O in
red, B in green, F in yellow, H in white and the uncoordinated acetonitrile in black). b) G vs. T in
a 1·2CH3CN crystal at 32% RH, at 45% RH, and a crystal containing pyrrole in the lattice.
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Metal-Organic Frameworks (MOFs) are crystalline and porous materials composed of two
elements: metal or metal clusters nodes bonding by polytopic organic ligands.[1] These materials
are very attractive due to their unique physicochemical properties and their use in many different
areas such as gas storage/separation, catalysis, drug delivery, chemical sensing, water
treatment, among others.[2-4]
In the present work, the synthesis of UiO-66 nanoparticles was investigated, examining the
role of different parameters in order to produce UiO-66-NH2 crystals smaller than 100 nm. We
demonstrate that the role halide ions (Cl-, Br- and I-) as co-modulator for the reduction of size,
keeping the octahedral morphology and improving the reaction yield. The critical role of the comodulator was extended to the synthesis of UiO-66 nanoMOFs in order to discard the influence
of the pending group.
The nanoMOFs obtained with Cl- and Br- as co-modulator presented high crystallinity which
was corroborated with High-Resolution Transmission Electron Microscopy (HR-TEM) and the
presence of these halides was confirmed in the crystalline structure by Energy-Dispersive of Xray (EDX). The use of different halides as co-modulator did not show any significant change in
adsorption and thermal properties according to Brunauer–Emmett–Teller (BET) surface area or
Thermogravimetric analysis (TGA).
All the systems studied presented great colloidal stability against different pHs, the
presence of proteins or ionic strength keeping their effective diameter, even after they were postloaded with rhodamine 6G (R6G). The leaking of R6G was negligible up to 24 h at different media.
These NMOFs were highly biocompatible according to resazurin assay up to 100 µg/mL of Zr and
they were incubated with living mammalian cells (A549 cell line) where they were internalized and
did not impair cell viability even at relatively high doses.[5]
[1] S. Seth, A. J. Matzger. Crystal Growth & Design. 2017, 17, 4043-4048.
[2] X. Cai. Z. Sie. et.al. Coordination Chemistry Reviews. 2020, 417, 213366.
[3] A. Hashemzadeh, G. P. C. Drummen, et. al. Journal of Materials Chemistry B. 2021, 9,39673982.
[4] F. Demir, R. S. Forgan, et. al. Journal of Materials Chemistry B. 2021, 9, 3423-3449.
[5] M. Ceballos, M. Cedrún-Morales, et. al. Nanoscale. 2022. Submitted.
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Advanced oxidation processes (AOPs) are powerful technologies for the removal of
emerging pollutants from wastewater. Among them, the ElectroFenton (EF) process has attracted
great interest[1]. However, despite the advances achieved for the in situ generation of H2O2, the
EF process still requires the use of two catalysts; one of them acting as an electrocatalyst for the
oxygen reduction reaction (ORR) to H2O2, and the second one as a Fenton-type catalyst (e.g.,
Fe)[2]. In this work we propose the synthesis of highly graphitic carbon xerogels by doping with
different Fe concentration (0.20, 0.4, 0.8 %) to be used as bifunctional electrodes for ORR and
EF. These materials have been extensively characterized and tested in ORR. TEM and XRD
images show that the presence of Fe generates highly graphitic clusters (see Figure 1) that
improve both conductivity and their catalytic performance in ORR. The presence of these graphitic
clusters increases with increasing Fe loading and consequently, the current density (jK). The
number of electrons transferred (n) also increases with increasing Fe content, however, in all
cases n was less than 2.5 and the generation of peroxides higher than 60 %. Therefore, it has
been shown that these Fe-doped carbon xerogels may be optimal candidates as bifunctional
catalysts in the EF degradation of emerging pollutants.

Figure 1: TEM images of graphitic clusters at different Fe concentration

References
[1] E. Brillas, I. Sirés, M.-A. Oturan. Electro-Fenton Process and Related Electrochemical
Technologies Based on Fenton’s Reaction Chemistry. Chem. Rev. 2009, 109, 6570– 6631.
[2] M.-H. Zhang, H. Dong, L. Zhao, D.-X. Wang, D. Meng, A review on Fenton process for organic
wastewater treatment based on optimization perspective, Science of The Total Environment, 670
(2019) 110-121.

558

XXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

S16-FP14

EFFECT OF SURFACE CHEMISTRY OF COCOA HUSK-DERIVED
ACTIVATED CARBONS ON THEIR PERFORMANCE AS ELECTRODES FOR
SUPERCAPACITORS.
L.D. Ramírez-Valencia a, E. Bailón-García a, F.E. López-Suárez b, L.R. Conde-Rivera b, A.
Bueno-López c, F. Carrasco-Marín a, A. F. Pérez-Cadenas a.
a

Carbon Materials Research Group. Department of Inorganic Chemistry. Science Faculty.
University of Granada. Campus Fuentenueva 18071 Granada, Spain.
b
IPQA group, Department of Chemical Engineering, Universidad de Bogotá Jorge Tadeo
Lozano, Street 4 # 22-61, 110311, Bogota, Colombia.
c
MCMA group, Department of Inorganic Chemistry, Faculty of Sciences, University of Alicante,
Ap. 99 E-03080, Alicante, Spain
e-mail: liliandr@correo.ugr.es
Keywords: Supercapacitor, electrical double layer, pseudocapacitance, activated carbon
Carbon based materials are widely used as electrodes in supercapacitors because they have
good electrical conductivity and their synthesis is simple and inexpensive, especially when
lignocellulosic wastes are used. In addition, two of the most outstanding characteristics of these
materials are their high surface areas that contribute to electric double-layer storage and their
content of surface oxygenated functional groups, that contribute to the pseudocapacitive storage,
thus increasing the overall capacitance [1],[2],. In this work, activated carbons were synthesized
from cocoa husks using KOH as activating agent; materials were obtained at three agent/solid
ratios (1:1, 3:1 and 5:1), and three carbonization temperatures (500, 650 and 800°C) in order to
know the best conditions for obtaining materials with a high surface area and generation of
different functional groups on their surface that allowed improving capacitance. Results indicate
that at a carbonization temperature of 800°C with KOH/solid ratios of 1:1 and 3:1 and of 650°C
with a KOH/solid ratio 5: 1 produces BET areas as high as 1032, 1444 and 1633 m2/g which is
traduced in a good electrochemical performance with capacitances of 385, 454 and 512 F/g at
125 mA/g, respectively in a three-electrode system (Figure 1). This performance is mainly due to
the surface area and porosity development of each of the samples (Figure 2) in addition to the
content of oxygenated functional groups especially hydroxyl, carbonyl and quinone groups
(Figure 3).
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SYNTHESIS OF HIGH-PERFORMANCE CARBONACEOUS MATERIALS
FOR ELECTRO-FENTON PROCESSES
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Currently, the presence of antibiotics in aqueous media is generating great concern, due
to the possible increase bacterial resistance, which is a risk to world health[1]. Electro Fenton (EF)
is one of the most promising advanced electrochemical oxidation processes (EAOP's) for the
treatment of water contaminated with antibiotics[2]. However, an EF limitation is the rate of
generation of hydrogen peroxide (H2O2), for which the cathode material is decisive because in
this cathode where the H2O2 is generate[3]. Carbonaceous materials have been studied as
cathodes in the production of H2O2, due to their unique properties such as chemical stability, high
electrical conductivity, and good performance in the generation of H2O2.
In the present work, carbon xerogel inks doped with graphene oxide (GO) in different
concentrations (0.2, 0.4 and 0.8 mg L-1) are presented, synthesized by microwave-assisted solgel polymerization and deposited in a graphite sheet using different techniques (screen printing
(A), painted (E) and conventional (C)), for application as a metal-free cathode in the electroFenton process, using carbon-coated magnetite as a Fenton catalyst. Electrodes made using the
painting technique were selected to evaluate the effect of OG concentration on ORR.
It was shown that for all OG concentrations, the materials presented electrocatalytic activity
for ORR through the 2-electron pathway. However, the sample with 0.8 mg L-1 showed the highest
current density (Fig 1).

a
)

c
)

b
)

Figure 1. a) CV with O2, b) LSV to 1500 rpm and c) Number of electrons.
A 100% degradation of amoxicillin was achieved in a time of 3 h, under the conditions of
Fenton catalyst [100 mg L-1] and -0.55 V vs Ag AgCl-1.
References
[1] Y. Zhu, F. Deng, S. Qiu, F. Ma, Y. Zheng, and L. Gao, “A self-sufficient electro-Fenton system
with enhanced oxygen transfer for decontamination of pharmaceutical wastewater,” Chem. Eng.
J., vol. 429, no. September 2021, p. 132176, 2022, doi: 10.1016/j.cej.2021.132176.
[2] H. Kadji, I. Yahiaoui, Z. Garti, A. Amrane, and F. Aissani-Benissad, “Kinetic degradation of
amoxicillin by using the electro-Fenton process in the presence of a graphite rods from used
batteries,” Chinese J. Chem. Eng., vol. 32, pp. 183–190, 2021, doi: 10.1016/j.cjche.2020.08.032.
[3] F. Sopaj, N. Oturan, J. Pinson, F. I. Podvorica, and M. A. Oturan, “Effect of cathode material
on electro-Fenton process efficiency for electrocatalytic mineralization of the antibiotic
sulfamethazine,” Chem. Eng. J., vol. 384, no. October, p. 123249, 2020, doi:
10.1016/j.cej.2019.123249.

560

POSTERS

Catalysis for sustainable chemistry

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-001
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The catalytic isomerization of allylic alcohols to carbonyls is a clean alternative to non-catalytic
methods due to a number of reasons: it does not require harsh redox conditions, it displays 100%
atomic economy, and can also be performed at low temperatures and in non-toxic solvents such
as water. Nevertheless, not all allylic alcohols are prone to be catalytically isomerized and this
depends on the degree and type of functionalization at the alkene carbon atoms. Allylic alcohols
containing substituted double bonds, electron-withdrawing groups, and competing alkenes, are
known to be more difficult to isomerize. Herein we present a study on the catalytic isomerization
by [RuCp(OH2-κO)(PTA)2](CF3SO3) (1) (Figure 1) of the substituted allylic alcohols: (E)-trans-1,3diphenyl-2-propen-1-ol, farnesol, S,R-(-)-carveol and conferyl alcohol. As expected, the
isomerization conversion is largely dependent on the double-bond substituents, being very low or
non-significant for the alcohols farnesol (48 h, 83 ºC, 3,4 %), S,R-(-)-carveol (48 h, 83 ºC, 0%)
and coniferyl (22 h, 83 ºC, 0 %). Nevertheless, and luckily the largely substituted (E)-trans-1,3diphenyl-2-propen-1-ol isomerizes into 1,3-diphenyl-1-propanone, upon reaction with 0,01 mol%
of 1 in MeOH/H2O at 80 ºC during 4 h.

1
Figure 1. Left: structure of the catalyst [RuCp(OH2-κO)(PTA)2](CF3SO3). Right: allylic alcohols
used in the present work.
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3D HIERARCHICAL COMPOSITE OF HYDROTALCITE AS CATALYST FOR
THE BAEYER–VILLIGER OXIDATION
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In this work, hierarchical materials consisting of silica microspheres coated with Mg/Al
hydrotalcite (labelled SiO2@HT) were synthesize. The composites were characterized by using
instrumental techniques including scanning and transmission electron microscopies, microRaman spectroscopy, X-ray diffraction, nuclear magnetic resonance and X-ray photoelectron
spectroscopies. This material was used as catalyst in the Baeyer-Villiger reaction of ketones with
a mixture of 30% aqueous hydrogen peroxide and nitrile as oxidant. We optimized the reaction
temperature using 40, 55, 70 and 90°C, obtaining the best catalytic results at 90 °C. Also, we
used various nitriles, where benzonitrile proving the most effective for the intended purpose. The
reaction was found to occur to an acceptable extent with other carbonyl compounds as substrates.
The synthesis of SiO2@HT was preceded by the preparation of a hydrotalcite with a
conventional coprecipitation method described in detail elsewhere [1]. The procedure involved
mixing Mg(NO3)2⋅6H2O and Al(NO3)3⋅9H2O in 200 mL of de-ionized water (i.e., using an Mg/Al
ratio of 2) and then slowly (2 h) dropping the mixture over 500 mL of an NaOH solution at pH 9 at
60 °C under vigorous stirring. The hierarchical 3D material was obtained similarly (Fig. 1). Thus,
the metals solution was added to a suspension of 500 mg of microspheres in 500 mL of de-ionized
water that was previously sonicated for 90 min to ensure thorough dispersion of the microspheres.
The addition time was 2 h at pH 9 at 60 ◦C under vigorous stirring [2]. The resulting solids were
named HT and SiO2@HT, respectively. Finally, the materials were tested in the Baeyer-Villiger
oxidation at 90 °C in a flask containing 0.006 mol of ketone, 0.049 mol of benzonitrile, 0.05 mol
of hydrogen peroxide (30%) and 0.10 g of catalyst. Products were identified from their retention
times as measured by Varian gas chromatograph with a capillary column (VF-1MS, 15 m x 0.25
mm ID) and a flame ionization detector (FID).
KETONE

FIG 1. TEM IMAGE
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In Heterogeneous catalysis the dispersion of the metallic phase is a crucial parameter to control
the catalytic behavior of the systems. In the most recent period, great efforts have focused on
moving from catalysts based on metal nanoparticles to alternative ones based on single atoms,
which ideally represent the limit of metal usage efficiency.[1-4] However, the stability against
sintering of such atomic species when dispersed on the surface of solid, non-porous, oxides under
reaction conditions has become a critical issue.[5]
In this work we have prepared, using polyaminic macrocyclic complexes as precursors, PdSACs catalyst supported on two different oxides, MgO nanoplates and CeZrO2 nanoparticles, by
using a semi-wet impregnation method. These catalysts were pre-treated in (5%)O2/He at 500ºC,
to decompose the precursors and then tested in CH4 oxidation reaction. A catalyst prepared from
a conventional Pd(NO3)2 precursor was used as a reference.
High Resolution High Angle Annular Dark Field (HR-HAADF) images show that in the
catalyst prepared using the new precursor, calcination at 500ºC in (5%)O2/He gives rise to a
redispersion of the small Pd clusters present in the fresh catalyst (figure 1a) into Pd single atoms
(SA) (figure 1b). More important, Pd remains highly dispersed, as SA, even after CH 4 oxidation
at 750ºC (figure 1c). On the contrary, a large sintering process occurs in the catalyst prepared
from Pd(NO3)2. This crucial finding will allow us to hypothesize, on solid structural grounds, the
nature of the active sites in this relevant reaction.

Fig. 1. HR-HAADF images of Pd1Mdien/MgO sample A) fresh, B) after (5%)O2/He 500ºC
treatment and C) after CH4 oxidation reaction.
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Polymeric materials derived from ionic liquids (ILs) have shown to be very efficient systems
for the immobilization and stabilization of enzymes [1]. The high tunability of the ILs structure
allows the design of various materials with different molecular and macroscopic properties. This
communication presents the immobilization of alcohol dehydrogenase enzyme from
Rhodococcus ruber (ADH-A) and its coenzyme in this type of advanced materials. Thus, the
activity, stability and reuse of these biocatalysts have been evaluated in the enantioselective
reduction of ketones. In these tests, the immobilized enzyme remained active and highly
enantioselective, showing excellent stability in both aqueous solutions and traditional organic
solvents after several recycling uses [2].

Figure 1: Biopolymeric material with immobilized ADH-A.
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Amino-acid derived imidazolium salts as efficient catalysts for the metal
and solvent free C-C and C-N functionalization of heterocycles via allylic
substitution of alcohols
M. Martos, Y. Pérez-Almarcha and I. M. Pastor
Instituto de Síntesis Orgánica (ISO), Universidad de Alicante, ctra. San Vicente
del Raspeig s/n, 03690, San Vicente del Raspeig, Alicante, Spain.
e-mail: mario.martos@ua.es
Keywords: Imidazolium salts, ionic organic solids, heterocycles, allyl alcohols,
sustainability
Nitrogen-containing heterocycles are extremely important scaffolds, as they are
ubiquitously present in a wide variety of natural products and drug formulations. [1] Thus, the
development of protocols to obtain functionalized N-heterocycles is of great relevance. However,
common approaches often include transition metal-catalyzed reactions and pre-activated
substrates in volatile organic solvents, which result in very environmentally damaging protocols.
Therefore, there is a need for novel methodologies to achieve such transformations in a more
sustainable way. Herein, we report the synthesis of C- and N-functionalized heterocycles via
allylic substitution of alcohols promoted by 1,3-bis(carboxymethyl)imidazolium chloride, an ionic
organic solid (IOS) derived from glycine which has proven to be very effective for the synthesis
of allylanilines and other heterocyclic substrates.[2] This solvent and metal-free protocol is
compatible with several heterocycle cores, such as pyrazole, triazole or tetrazole, which
selectively experience N-functionalization, whereas the use of indoles as substrates results in CC bond formation reactions. Our methodology enables the synthesis of a wide variety of allylheterocycles in good to quantitative yields in short reaction times under mild conditions, while
using regular non-activated alcohols as substrates (Scheme 1). The use of a heterogeneous
catalyst, stoichiometric reagents and the generation of water as the only byproduct result in most
products being obtained pure after simple filtration, which further adds to the already reduced
environmental impact of this protocol.

Scheme 1. General allylation of heterocycles catalyzed by IOS
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The increasing demand for fuels and chemicals traditionally derived from fossil resources
have created the needed to find alternatives based on renewable materials. In this sense,
lignocellulosic biomass (hemicellulose, cellulose and lignin) has become in a relevant alternative
to obtain added-value products such as furanics acid or -valerolactone (GVL) among others [1-3].
The obtention of GVL have been widely reported, using different catalysts and substrates
including levulinic acid (LA) or alkyl levulinates (AL) [4-6]. Furfuryl alcohol, which can be easily
obtained from furfural, has an extensive industrial purpose, that can be converted into valuable
derivatives. GVL production from FAL involve a multi-step reaction sequence starting with furfuryl
alcohol alcoholysis to LA or AL [7], followed by hydrogenation to corresponding 4hydroxypentanoates (4-HPs) and cyclisation to produce GVL [7,8].
In this work, mesoporous materials Al-SBA-15 have been synthesized and functionalized
with different Al/Zr molar ratio and 0.5% Au and Ru, respectively, employing a mechanochemical
synthesis previously reported by our research group [9]. The textural and structural properties of
the synthesized materials have been analyzed by TEM (Transmission Electron Microscopy), SEM
(Scanning Electron Microscopy), XPS (X-ray photoelectron spectroscopy), XRD (X-ray
Diffraction) and N2 adsorption/desorption technique, among others. The catalytic activity of the
synthesized materials has been evaluated in the one-pot reaction of furfuryl alcohol employing 2propanol as H-donor solvent to obtain GVL under Microwave-assisted irradiation (CEM Discover®
2.0) and continuous flow conditions (Phoenix Flow ReactorTM ,ThalesNano).
The first experiments shown that all synthesized catalysts displayed conversions up to 99%
with a GVL selectivity of ca. 40% after one-hour reaction time. These results are promising
according to those already reported in literature and will be further optimized to maximise GVL
yields.
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Benzazepines, benzofused seven-membered azaheterocycles, are privileged structures
that are present in a large number of natural products which possess interesting biological
properties that have aroused great interest in the chemical and pharmaceutical communities[1].

In classical synthetic approaches, annulation reactions (with loss of FG groups) are among
the most efficient strategies. Nowadays, dehydrogenative annulations via metal-catalyzed C-H
activation has emerged as an attractive step-economy and eco-friendly strategy[2]. In this field,
metal-catalyzed [4 + 3] and [6 + 1] annulations have been successfully used to synthesize 2benzazepines.[3] We herein report the new [5 + 2] oxidative annulations to azolic 2-benzazepines
via metal-catalyzed C-H activation of N-benzylazoles with alkynes.
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catalysts for GDI soot oxidation
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Faculty, University of Alicante, Av. Alicante s/n, 03690, San Vicente del Raspeig, Alicante,
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Perovskites (ABO3) are interesting mixed oxides as their properties can be widely tunable
by using different strategies, such as i) synthesis procedure, ii) selection of A and B cation, iii)
partial substitution of A and/or B cation, and iv) doping[1]. Among other uses, these solids are
potential substitutes of PGM-based catalysts[2], and they are highly used in the current automotive
exhausts to remove the pollutants before being emitted to the atmosphere. In a previous study,
the authors concluded that Ba0,7MnO3 is the best catalyst for CO oxidation from a series of
BaxMnO3 perovskites, due to its high amount of oxygen vacancies[3]. Based on these statements,
in this work, Ba0.9MnO3 and Ba0.9A0.1MnO3 (A=Mg, Ca, Sr, Ce, La) perovskites have been
synthesized, characterized and tested for GDI soot removal.
The synthesis of the perovskites (named as BM0.9 and BM-X, being X the symbol of
additional A metal) was carried out by the sol-gel method in aqueous medium, using citric acid
and EDTA as chelating agents. For samples characterization XRD, H2-TPR, XPS and O2-TPD
have been employed and the catalytic activity for GDI soot oxidation has been studied under fuel
cuts GDI operation conditions (1% O2 in He or 100% He). XRD results reveal that: i) all the
perovskites present the BaMnO3 hexagonal perovskite structure and ii) after the partial
substitution of Ba, a decrease in the average crystal size, a modification of the cell parameters
and a slight increase in the BET surface area are detected, being BM-Ce the sample presenting
the most significant changes. As an example, in Figure 1 the Temperature Programmed soot
conversion profiles in 1% O2 for the catalysts are shown, being T50% (which is the temperature to
achieve the 50% of soot conversion) and CO2 selectivity data (SCO2) included in Table 1. Note
that most of the perovskites (except BM0.9, BM-Sr and BM-La) increase the soot conversion and
all of them present a higher selectivity to CO2 than the observed for the soot, being BM-Ce the
best catalyst which is more active than BM reference perovskite.
Catalyst

T50%

SCO2 (%)

(ºC)

Figure 1. TPR soot conversion profiles in 1% O2.

BaMnO3 (BM)
Ba0.9Ca0.1MnO3 (BM-Ca)
Ba0.9La0.1MnO3 (BM-La)

676
685
706

90
88
97

Ba0.9Mg0.1MnO3 (BM-Mg)

690

89

Ba0.9Ce0.1MnO3 (BM-Ce)
Ba0.9Sr0.1MnO3 (BM-Sr)

648
712

87
91

Ba0.9MnO3 (BM0.9)

707

93

Soot

716

42

Table 1. T50% and CO2 selectivity values
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Mixed oxides with perovskite-type structure (ABO3)[1] present interesting catalytic
properties to be used for atmospheric pollution control, being a promising alternative to the use
of noble metals based catalysts. In a previous study, a series of BaxMnO3 perovskites has been
studied for CO oxidation, being Ba0,7MnO3 the best catalyst due to its high amount of oxygen
vacancies, that are able to act as active sites[2]. On the other hand, a series of BaFe1-xCuxO3
catalysts have been tested for GDI and diesel soot oxidation, concluding that BaFeO3 is the most
active catalyst as the activity seems to be mainly related with the amount of O2 evolved during an
O2-TPD, which decreases with copper content[3]. Based on these statements, in this work, two
series of BaxMnO3 and BaxFeO3 (x= 1, 0,9, 0,8, 0,7) catalysts have been synthesized,
characterized and tested for GDI soot removal .
The synthesis of the two perovskites series was carried by the sol-gel method in aqueous
medium and using citric acid and EDTA as chelating agents (denoted as BxME and BxFE).
Additionally, a BaxFeO3 series has been obtained in the absence of EDTA (denoted as BxF).
Catalysts were characterized by XRD, H2-TPR, XPS and O2-TPD and the catalytic activity for GDI
soot oxidation has been studied under fuel cuts GDI operation conditions (1% O2 in He or 100%
He). XRD results reveal that: i) all the BaxMnO3 catalysts present the BaMnO3 hexagonal
perovskite structure and ii) a phase transition from the BaFeO2,67 hexagonal perovskite to the
BaFe2O4 spinel takes place for BxFE catalysts series as the Ba amount decreases. As an
example, in Figure 1 the Temperature Programmed soot conversion profiles in 1% O2 for some
selected catalysts are shown, being T50% (which is the temperature to achieve the 50% of soot
conversion) and CO2 selectivity data included in Table 1. No effect of barium amount is observed
for BxME perovskites, while for BxFE perovskites, the BaFe2O4 spinel structure presents a higher
activity to accelerate the soot conversion respect to the BaFeO2,67 perovskite structure. So, the
catalytic activity BaxBO3 perovskites for GDI soot removal in fuel cut conditions seems to depend
on the electronic configuration of B cation, as it determines the oxygen activation.

Figure 1. Soot conversion profiles for the
catalysts.

Catalyst

T50% (ºC)

BME
B0,7ME
BF
B0,7FE
Blank

702
701
710
686
718

CO2
selectivity
(%)
88
93
89
85
42

Table 1. T50% and CO2 selectivity
values for the catalysts.
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In the last decades, non-planar graphene-type aromatic systems have emerged as
intriguing molecules due to their ability to modify and improve the electronic and optical properties
of their planar analogous. In this context, trimerization of (cyclic) alkynes and arynes is being
considered as a powerful tool to achieve curved PAHs with the incorporation of non-hexagonal
rings.1

We have recently developed the formation of tub-shaped benzofused cyclooctatetraenes
(benzoCOTs) through a halogen-radical ring opening of dihydrobiphenylenes.2 The reactivity and
nature of these non-benzenoid compounds have been poorly studied due to the lack of synthetic
methodologies to achieve them.3 While the trimerization of benzynes is well known, the
trimerization of cyclooctatrienynes have been less studied.4 We herein report on how the
treatment of halogenated benzoCOTs with potassium tert-butoxide (generation of
cyclooctatrienynes) in the presence of a Pd-catalyst undergo [2+2+2] cycloadditions to afford
benzofused tri[8]annulene derivatives.
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Active catalysts with direct application in most of the relevant fields of Sustainable
Chemistry are being widely demanded. Therefore, the design and synthesis of new metallic
nanomaterials, outstanding metallic nanoparticles (NPs), becomes necessary. The use of new
synthetic approaches is a useful path to better control the size, morphology and surface chemical
composition of those nanostructured materials. The electrochemical deposition of a metal on the
surface of an electrode using non-conventional solvents, such as ionic liquids and deep eutectic
solvents (DES), emerges as a satisfactory alternative to the traditional methodologies.[1] In
particular, choline chloride-based DES, using urea or glycerol and its derivatives as the DES
hydrogen-bond donor, represent a new generation of bio-based green solvents, coming from
renewable sources, and safe for the environment and human health.[2,3]
Nitrogen management, either in urban wastewater treatment (where the main source of
nitrogen comes as urea from urine) or in rural aquifers treatment (where nitrate contamination is
significant due to the extensive use of fertilizers), represents one of the main challenges to be
solved at present, as stated in H2020 objectives. In both cases, electrochemical water treatments
by means of metallic electrocatalysts afford a suitable technology that is being widely applied,
thanks to its greenness (no waste generation), simplicity, reliability and small physical footprint,
to transform both contaminants into innocuous N2.
In this communication, two model systems have been selected: i) Sn electrode for the
electrocatalytic reduction of nitrate,[4] and ii) Ni electrode for the electrocatalytic oxidation of
urea.[5] In particular, we present herein the synthesis of new Sn NPs and Ni NPs by electrochemical technologies, using different types of bio-based DES as the synthetic medium and the
electrolyte. The selection and use of the most suitable DES were carried out through the study of
their physical-chemical properties, such as conductivity, viscosity, polarity parameters, etc. The
morphology, size and chemical composition of those new catalytic nanomaterials were fully
characterized, and their electrocatalytic activity was evaluated through cyclic voltammetry and
chronoamperometry. Finally, the morphological characteristics and performance of those
nanoparticles electrosynthesized in DES have been compared with nanoparticles previously
reported in the literature for denitrification and elimination of urea in water.
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The growing pressure to develop new sustainable methods to produce energy, fuels and
chemicals is prompting researchers to approach the use of biomass as a renewable feedstock.
Due to its abundance and high carbon content, lignocellulosic biomass is a promising raw material
for the production of chemical products. Specifically, the biomass generated in the Almeria area
contains 85-90% hemicellulose and cellulose, whose hydrolysis yields glucose and fructose, and
their dehydration produces 5-hydroxymethylfurfural (HMF) as the main component. The varied
reactivity of the functional groups of HMF (aldehyde and hydroxyl) allow its manipulation by simple
transformations into a wide variety of compounds.[1] All these facts make HMF a Bio-based
Platform Chemical.
As a consequence of the diene condition of these compounds, there are numerous
bibliographical references where Diels-Alder processes are reported for the preparation of guest
compounds in supramolecular chemistry, aromatic hydrocarbons and derivatives, and for
polymers synthesis and reticulation. However, most of the literature that uses HMF in this type of
cycloaddition begins with a chemical modification of the system due to its poor reactivity, which
is caused by the strong deactivation of the aromatic ring by the electron-withdrawing character of
the aldehyde. The first successful reaction of this type with HMF or furfural, another biomass
derivative, was not described until 2021.[2]
In our research group, we are working on the optimization of the method (Scheme 1). We
use N-methyl maleimide as dienophile and water as solvent. Kinetic studies and different
experiments have been carried out, varying the concentration and temperature. In all cases, the
transformation is not complete, since there is an equilibrium between all the species in solution.
We are currently testing the method with some heterogeneous catalysts with the aim of shifting
the equilibrium towards tricyclic cycloaddition products.

Scheme 1. Diels-Alder reaction with N-methyl maleimide in water.
The methodology involves many of the principles of green chemistry since water is used
as a solvent, it does not generate waste, high efficiency in terms of atomic economy and number
of stages, in addition to the high sustainability of the global process that begins with the
transformation of the biomass.
References
[1] F. Popowycz, et al. Curr. Org. Synth. 2019, 16, 583-614.
[2] P.C.A. Bruijnincx, et al. Green. Chem. 2021, 23, 367.
574

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-014

Black BiVO4: A Novel Material for PEC Applications
Miguel García-Tecedor,a Mariam Barawia, Miguel Gómez-Mendozaa, Freddy E. Oropezaa and
Víctor A. de la Peña O’sheaa
a

IMDEA Energy, Avda. Ramón de la Sagra, 3. Parque Tecnológico de Móstoles, E-28935
Móstoles, Madrid (Spain).
e-mail: miguel.tecedor@imdea.org

Keywords: BiVO4, Oxygen Vacancies, Photoelectrochemistry, Water Splitting.
During the last few years, photoelectrochemical (PEC) solar water splitting has stood out
as one of the most promising alternatives to the obsolete fossil-fuel-based economy for the
production of clean energy vectors as hydrogen. [1, 2]
BiVO4 is one of the most promising candidates to fabricate reliable photoanodes for lightdriven water splitting. BiVO4 is an n-type semiconductor, with a 2.4 eV bandgap and consequently
a theoretical solar to hydrogen (STH) efficiency of 9.2% with a maximum photocurrent of 7.5 mA
cm-2 under 1 Sun illumination, showing low overpotential and favorable band-edge positions.
However, BiVO4 also presents important drawbacks as poor electron transport, high surface
recombination and slow water oxidation kinetics.[3] Big efforts have been made in the recent years
in order to mitigate these limiting factors through different approaches such as doping,[4]
nanostructuring,[5] heterostructuring[6] and the use of efficient co-catalysts.[7] Moreover, an
additional
strategy
to
improve
the
performance of BiVO4 photoanodes relies on
the intentional creation of oxygen vacancies.[8]
In this work, we present a direct method
to intentionally create oxygen vacancies in
BiVO4 photoanodes to successfully enhance
their PEC performance by laser irradiation,
fabricating Black-BiVO4. In addition, the role of
oxygen vacancies in the final performance of
BiVO4 photoanodes will be deeply analyzed
through different advanced characterization
techniques and spectroscopies.
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The key feature of metal-catalysts is the crucial role of the metal ions which promote the
catalytic conversions of the coordinated substrates. Indeed, an important class of metal catalysts
is represented by classical Lewis acids that activate organic molecules via strong coordination
binding with acidic metal centres.[1]
Another approach to catalysis relies on the catalytic functions of the ligands themselves
boosted by the coordination to the metal ions. The substrates are activated by the ligand sphere
of metal complexes via noncovalent interactions. In these systems, the Lewis acidic metal does
not activate the substrates directly but increases the catalytic properties of the ligands
themselves. For instance, the Brønsted acidity of the coordinated ligands greatly increases as
compared to the original non coordinated form.[2]
On the other hand, the development of the chemistry of frustrated Lewis pairs (FLPs) has
led to their full entry into the catalysis arena incorporating new mechanistic pathways.[3] When an
FLP bearing metal components catalyses a reaction, there is at least one step in which the metal
and one of the ligands cooperatively react in a synergistic fashion. Hence, formally, this type of
catalysis could be considered to occupy an intermediate place between the two previous
examples.
In recent years, we have prepared and studied the catalytic activity of a series of Brønsted
acids with the H-bond donating ability increased by means of electron-withdrawing metallic Lewis
acids.[4] The term Lewis acid assisted Brønsted acid catalysts (LBA) has been coined for this type
of catalysts.[5] Figure 1 shows schematically one of the types of LBA catalysts prepared by us.
Serendipitously, we encountered that these compounds behave as transition metal frustrated
Lewis pairs (TMFLPs).
In the present work, we describe the capability of such species to act as both Brønsted and
FLP catalysts in some organic processes.

Figure 1
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Nowadays, large-scale production of clean energy from renewable sources is needed to satisfy
the growing global energy demand and replace CO2-polluting fossil fuels. In this scenario, solar
energy is one of the most promising sources of energy, as it is an ideal C-neutral energy which
can promote the electrolysis of water into oxygen and hydrogen. The hydrogen fuel generated in
this way is named as ‘‘solar fuel’’.[1] The hardest step in the water splitting process is the oxidation
of water into protons and oxygen. Therefore, the development of catalysts that improve the results
in the water oxidation catalysis (WOC) is essential. Research on water splitting catalysis has been
conducted under two major perspectives: molecular and heterogeneous catalysis. A large part of
the most active homogeneous catalysts in WOC are based on ruthenium and iridium complexes
containing N-heterocyclic carbene ligands. [2] It is well known that one of the main difficulties with
homogeneous catalysts is their stability and recyclability. To solve it, new strategies consistent
on the covalent attachment of the molecular organometallic complexes to solid surfaces, such as
graphene oxides or carbon nanotubes, are being studied.[3]
Our group has previously synthesized several organometallic complexes containing NHC ligands
that have shown good water splitting activity. In this work, we are looking to build water soluble
iridium-NHC complexes in order to increase their solubility in water and so, improve their catalytic
activity. On the other hand, the support of the complexes on thermally reduced graphene (TRGO)
is reported. Finally, the catalytic activity for water splitting of all the synthesized complexes has
been tested using CAN as sacrificial oxidant.
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The compounds 3-methylcyclohex-2-en-1-ol, 1-methyl-2-cyclohexen-1-ol, verbenone, transverbenol, 3-penten-1-ol and 3-methylcyclohex-2-en-1-one belongs to the pheromone system of
the female Douglas-fir beetle (Dendroctonus pseudotsugae), that is a coniferous forests pest,
causing both ecological and economic damage. Among the extensive work to alleviate its
damages, the synthesis of these natural pheromones is central, because they are useful tools to
build traps for these bugs.[1] In our group we have been working in catalytic isomerization of allylic
alcohols in water that can transform natural allylic alcohols into economically relevant chemicals,
showing that the complexes [RuClCp(PTA)2] (1) and [RuCp(PTA)2(H2O-kO)](CF3SO3) (2)
(PTA=1,3,5-triaza-7-phosphaadamantane) are valuable catalysts for the isomerization of linear
and cyclic allylic alcohols in water.[2,3] In this communication we present the results obtained by
studying the isomerization, 1,3-transposition, and oxidation reactions of the pheromone 3methylcyclohex-2-en-1-ol catalyzed by 1 and 2, in water, in dry CH3OH or in a biphasic system
(H2O/Cyclohexane 1:1). Depending on the atmosphere in which the reactions are carried out, the
formation of 3-methylcyclohexanone is prevalent under inert atmosphere, where the formation of
1-methylcyclohex-2-en-1-ol and 3-methylcyclohex-2-enone occur under aerobic conditions.
When 1 is used the formation of 3-methylcyclohexanone is lower than with 2, but the formation of
the pheromones 1-methylcyclohex-2-en-1-ol and 3-methylcyclohex-2-enone are higher.
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Figure 1. Isomerization and 1,3-transposition of 3-methylcyclohex-2-en-1-ol depending on the
time mediated by 2 (under N2) and 1(under Air) in biphasic system (H2O/Cyclohexene).
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In a previous publication, the kinetics of oxidation of different biologically-active FeII bisthiosemicarbazone complexes with O2 was studied in water solution.[1] DFT calculations
suggested the formation under steady-state conditions of superoxo and hydroperoxo
intermediates. Based on these results, we have now investigated whether they can be formed via
the reaction of the complexes with H2O2 in acetonitrile solution. Interestingly, we found that the
complexes can catalyze the oxidation of organic substrates. We have carried out a thorough
kinetic study on the formation of the reaction intermediates, and alsostudied the catalytic
processes using thioanisol and styrene as substrates by NMR. As no superoxo or hydroperoxo
species are observed, DFT calculations have been used to propose possible structures for the
intermediates detected. A summary of these results will be presented.
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The palladium-catalysed cross-coupling reaction between alkenes and aryl halides (the
Mizoroki–Heck reaction) is a methodology of choice when constructing new carbon–carbon
bonds.[1] However, the success of this reaction is in part hampered by an extremely marked
regioselectivity on the double bond,[2] which dictates that electron-poor alkenes react exclusively
on the β-carbon. Here, we show that palladium clusters in solution catalyse the α-selective,
regioirregular, intramolecular Mizoroki–Heck coupling. Besides, the α-selective intermolecular
coupling of aryl iodides with styrenes is also achieved with palladium clusters encapsulated within
fine-tuned and sterically restricted zeolite cavities, to produce 1,1-bisarylethylenes.[3]

Figure 1. Regioirregular Mizoroki-Heck reaction.
On one hand, the α-selective intramolecular Mizoroki–Heck coupling occurs in solution
when catalyzed by the palladium clusters (Figure 2, top), however, the intermolecular coupling
does not occur. Only the use of Cs+-exchanged zeolites containing the catalytic palladium clusters
allows the α-selective intermolecular Mizoroki–Heck coupling (Figure 2, bottom), without the
requirements of any base since the same basic zeolite acts as such. The process can also be run
in flow.

Figure 2. α-Selective intramolecular (top) and intermolecular Mizoroki–Heck coupling
(bottom) catalyzed by palladium clusters supported or not in CsX zeolite.
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Development of sustainable methodologies has been a challenge over the last decade,
due to the damage volatile organic solvents can do to the environment as well as being toxic. As
an alternative to these solvents, Deep Eutectic Solvents (DES) were developed improving the
sustainability of the reaction media. These DES are not only more sustainable, but also apport
physicochemical properties such as low vapor pressure and non-flammability, can be formed with
natural products, recycled, have a low ecological footprint, require easy preparation, and can be
used in a variety of applications such as metal extraction, as reaction media and even in
catalysis.[1]
We have previously developed L-Proline based a variety of Chiral Deep Eutectic solvents
and employed them in organocatalytic Michael additions of ketones to nitrostyrenes affording the
corresponding conjugate products in good yields and selectivity’s.[2] Herein we will disclose and
focus on a specific variety of (aminomethyl)pyrrolidine derived CDES used as a green
organocatalytic reaction media.[3]

Scheme 1. CDES in asymmetric organocatalysis
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N-Heterocyclic carbenes (NHC) are a family of ligands capable to stabilize metal species.
They form robust bonds to metals, due to their outstanding σ-donor coordinative nature, and exert
steric protection to the M-C bond through the N-substituents.[1] We have synthesized
enantiomerically pure complexes of Ni from the imidazolium salt and nickelocene, starting from
amino-acids,[2] and obtained single-crystals of some of them. X-Ray diffraction studies show that,
apart from the carbene ligand, the Ni complex has an 5-coordinated cyclopentadienyl. Unlike
other complexes found in the bibliography, this type of compounds does not require another
counteranion ligand, because of the presence of the carboxylate group of the NHC, which is
bounded to the metal center, resulting in a C,O-bidentate ligand in a chelating coordination mode.
This structure has also been confirmed by HRMS and appears to be same in solution, according
to the NMR data collected.

Figure 1. a) Amino acid derived NHC complexes of Ni. b) Solid structure of the complex derived
from (L)-methionine.
Other complexes explored are the nickel biscarbenes which are obtained forming the
carbene in situ by deprotoning the imidazolium salt.
Here we will present out results in the synthesis of the new complexes, and preliminary
outcomes on their use as catalyst for the hydrogenation of ketones in THF or in water, both with
PhSiH3 and under mild conditions.

Figure 2. Amino acid derived NHC complexes as catalyst in in hydrogenation.
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Three-component artificial photosynthetic systems rely on photosensitizers to harvest
sunlight and initiate a cascade of electron transfer processes that ultimately lead to the reduction
of CO2. This role has been traditionally played by complexes containing heavy metals, due to their
ability to efficiently populate their long-lived triplet excited state as well as for their favorable
electrochemical properties. However, the scale-up of these systems is hindered by their toxicity,
scarcity and cost, and interest is now placed on the development of more sustainable options [1].
On this basis, our efforts are directed towards the design of organic molecules that combine
the possession of long excited state lifetimes together with suitable electrochemical properties,
most importantly a strong reducing power of the ground state. More specifically, chemical species
displaying thermally activated delayed fluorescence (TADF) have been explored in order to
rationally design dyes with such properties [2].
Following their synthesis, the compounds were characterized photophysically and
electrochemically. The derivatives were then coupled with a sacrificial electron donor and an
earth-abundant manganese catalyst to study the suitability of their use in CO2 photoreduction.
Finally, mechanistic investigations were performed by means of quenching experiments and
comparison of the dyes’ photophysical and electrochemical properties allowed for the
rationalization of the different turnover numbers.

Figure 1 Schematic representation of the studied system.
This project has received funding from the European Union’s Horizon 2020 research and
innovation program under grant agreement No. 101006839.
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CO2 is the primary greenhouse gas emitted from anthropogenic sources and is responsible for
momentous environmental issues.[1] Thus, the scientific community is striving towards the
lowering of CO2 emissions and its conversion into industrially relevant chemical feedstocks.[1] To
this aim, the CO2 reduction reaction (CO2RR) is of major interest, especially if driven by renewable
energy sources such as sunlight.[1] To develop an efficient photocatalytic approach, however, it
is necessary to activate the rather inert CO2 molecule while suppressing the competing hydrogen
evolution reaction (HER).[2] With this regard, functionalized quantum-dots (QDs) with molecular
ligands and cocatalysts have proven to enhance both catalytic activity and selectivity.[3] In
particular, our recent studies in collaboration with Prof. Reisner have shown an increased CO2RR
conversion and HER suppression upon anchoring imidazolium ligands on ZnSe-QDs.[3]
Building upon those results, in this flash presentation I will describe our recent computational
findings in the rational design of functionalized ZnSe-QDs for the CO2RR to CO using dithiol
ligands (1,2-ethanedithiol (EDT), 1,6-hexanedithiol (HexDT) and 1,8-octanedithiol (OctDT)) and
a phosphonated Ni-1,4,8,11-tetraazacyclotetradecane (Ni(cycP)) cocatalyst. Our DFT
simulations indicate that HER only occurs on the surface Zn2+ ions, and is therefore suppressed
upon functionalization of the QD surface.[4] For the CO2RR, on the contrary, two mechanisms
are possible, either on the surface Zn2+ ions or on the Ni(cycP) cocatalyst.[4] While CO2RR on
Zn2+ is only feasible upon CO2 activation by the ligands and is promoted by short chain dithiols
like EDT (see Figure), the Ni(cycP)-mediated pathway does not necessarily require their
intervention due to the intrinsic activity of the cocatalyst.[4] However, HexDT presents the optimal
chain length to establish non-covalent interactions with the CO2RR intermediates on the Ni2+
centre, enhancing CO2 conversion (see Figure).[4] These theoretical predictions have been
confirmed experimentally, showing the highest CO yields upon functionalization of the ZnSe-QDs
with both the Ni(cycP) cocatalyst and HexDT.[4]

Figure. Depiction of the CO2RR carried out on ZnSe | EDT and ZnSe | Ni(cycP) | HexDT.
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The abundance of arenes in nature makes them very interesting substrates in organic
synthesis. Through their dearomatizative oxidative reactions, they can be easily converted into
very elaborated molecules, containing multiple stereogenic centers with potential biological
interest.
In nature, heme and non-heme iron oxygenases can oxidize arenes disrupting their
aromaticity while using mild conditions. On one hand, monooxygenases can produce the
epoxides of arenes, and on the other hand, Rieske Dioxygenases can perform the syndihydroxylation of alkenes and arenes.[1] The most studied enzyme within this family is
naphthalene-1,2-dioxigenase (NDO) which can realize enantioselectively the syn-dihydroxylation
of naphthalene.
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Even though enzymes can perform those reactions with good yields and excellent
enantioselectivities, due to the complexity of those reactions very little is currently known about
their realization using artificial systems.
In literature we can find two examples that imitate the behavior of those mono and
dioxygenases. Both use transition metal complexes as catalysts and hydrogen peroxide as
oxidant. The first example consists of an iron catalyst that can perform the same reaction of the
NDO enzyme, unfortunately, the yield obtained for the product is very low and cannot be used for
synthesis.[2a] The second example is based on a manganese porphyrin which can dearomatize
the naphthalene and other polyaromatic rings to produce their epoxides.[2b]
Taking this into account, in this work we want to use transition metal-based catalysts to
perform oxidative dearomatizative reactions using naphthalene as a model substrate and
hydrogen peroxide as oxidant. We want to break the aromaticity while generating different
stereogenic centers through the oxidation. Our main objectives are to achieve yields that can be
used for synthesis, and to combine the transition metals with chiral ligands to induce
enantioselectivities on our reactions, since till now those enantioselective reactions remain
exclusive for enzymes.
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The transition from traditional carbon-based energy systems into more sustainable and
renewable ones is a crucial subject matter nowadays. In this regard, molecular hydrogen arises
as one of the main and most efficient energy vectors as its reaction with oxygen provides energy
and only generates water as a by-product. The difficulties in its storage and transport can be
overcome with Liquid Organic Hydrogen Carriers (LOHC), organic substances that store
hydrogen through catalytic hydrogenation and dehydrogenation processes over multiple cycles
and may support a future hydrogen economy. In this sense formic acid is considered as one of
the most promising LOHC. Dehydrogenation reactions play also a key role in the valorization of
readily available and inexpensive bulk chemicals such as glycerol, or in the production of fine
chemicals like carbonyl and carboxylic compounds from primary and secondary alcohols.
Interestingly, under acceptorless conditions dehydrogenation reactions generate valuable
molecular hydrogen as by-product, making the processes more competitive from an economic
point of view. [1]
Within this context, Ir-NHC compounds have been stablished as leading catalysts in the
dehydrogenation processes of a wide range of substrates. [2,3] In the present work, we depict the
synthesis of different Ir(I) and Ir(III) complexes bearing asymmetric NHC ligands with a pyridyl
fragment and a rigid oxygen-donor moiety in its structure. These compounds have shown to be
efficient catalysts for the dehydrogenation of several substrates such as glycerol, benzyl alcohol
derivatives and formic acid [Scheme 1]. The coordination mode of the ligands plays an essential
role in the dehydrogenation processes, resulting in marked differences in catalytic activity.

Scheme 1. Acceptorless dehydrogenation reactions catalyzed by Ir-NHC complexes.

References
[1] F. Ferlin, F. Valentini, A. Marrocchi, L. Vaccaro. ACS Sustainable Chem. Eng. 2021, 9,
9604−9624.
[2] T. Shimbayashi, K. Fujita. Iridium-Catalyzed Dehydrogenative Reactions. Topics in
Organometallic Chemistry, Eds. L. A. Oro; C. Claver, Springer. 2020.
[3] D. Borah, B. Saha, B. Sarma, P. Das. Dalton Trans. 2020, 49, 16866-16876.
586

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-028

DEVELOP OF NOVEL TASK SPECIFIC IONIC LIQUIDS BASED ON
DIMETHYL SULFOXIDE DERIVATIVES. PROPERTIES AND APPLICATIONS
Cuesta M.,a Porcar,b R., Nuevo, D.a Altava, B.a and García-Verdugo, E.a
Departamento de Química Inorgánica y Orgánica, Universitat Jaume I, Av. Sos Baynat s/n,
12071, Castellón, Spain.
Departamento de Química Orgánica y Bio-orgánica, Facultad de Ciencias, Universidad
Nacional de Educación a Distancia, UNED, Avda. Esparta, 28232-Las Rozas, Madrid,Spain
e-mail: malvaro@uji.es
Keywords: Ionic liquids, Sustainable, Green chemistry, Task-Specific Ionic Liquids

Ionic liquids are a tunable ionic solvent with unique properties that have opened their use
in a wide variety of applications including among other catalysis, materials, electrochemistry, etc.
This study presents our efforts to obtain task specific ionic liquids (TSILS) based on
dimethyl sulfoxide derivatives. The introduction of methyl sulfoxides onto imidazole units allows
to adjust the structure of the ILs for different applications (Fig. 1). For instance, a family of TSILS
ion-tagged-DMSO with different chain length can be prepared. The presence of the dimethyl
sulfoxide allows to modulate properties such as the viscosity, thermal stability, or reactivity. These
IL have the potential for cellulose processing. [1]

Figure 1: Reaction of sulfonated imidazolium to form sulfonated IL.
Alternatively, they can be functionalized with sulphonic groups by reaction with 1,3propanesultone to provided novel zwitterionic TSILS tagged with dimethyl sulfoxide that form a
dimeric specie (Fig. 2).

Figure 2: Aggregate of sulfonated zwitterionic IL
The zwitterionic TSILS tagged with dimethyl sulfoxide leads with LiNTf2 eutectic mixtures.
The chemo-physical and conductivity properties of these eutectic mixtures can be tuned by
changing the molar composition of these two components. [2]
Acknowledgements
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Light olefins are pivotal building blocks for the production of valuable chemical
intermediates.[1] Due to the high demand for these useful compounds, enormous amount of
studies have been devoted to the search for effective and environmentally friendly synthetic
procedures in the latest years.[2] Within this framework, metal nanoparticles and nanoclusters
have been shown as efficient catalysts due to their high activity and the large fraction of atoms
available in their active sites.[3] In particular, the C–H activation of light alkanes to form olefins by
using Pt nanoclusters as catalysts has been demonstrated as promising alternative to the current
steam cracking of crude-oil-derived naphtha or the catalytic cracking of heavy oils
methodologies.[4]
In this contribution we will present our findings on the sequential C–H activation of ethane
to generate H2, ethylene and/or acetylene catalyzed by Pt2X nanoclusters (X= Pt, Ge, P, Sn, Si
and Rh) using DFT calculations.[5] Our results show a strong dependence between the electronic
structure of the nanocluster and the selectivity towards ethylene or acetylene formation.

Figure 1
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Nitriles are interesting class of organic compounds included in a wide variety of natural
products and industrial processes. Typical routes to prepare nitriles proceed with low atom
economy, require toxic reagents, and/or have limited selectivity. An alternative procedure for
primary amine oxidation is to use organic electrosynthesis. Organic electrosynthesis allows the
replacement of dangerous and toxics chemicals, as well as reducing the amount of solvents used
applying only current. One of the main aims in electrosynthesis is the achievement of stable and
robust electrodes. In our group we have developed porous Ti/Ni alloys as electrodes for the
oxygen evolution reaction (OER) and observed low overpotential and high-density currents.[1]
These Ti/Ni electrodes are prepared with a high electrochemical surface area and a high
concentration of active species using a facile and scalable method based on powder metallurgy.
Here we explore the use of these Ti/Ni electrodes for the electrooxidation of amines to nitriles. In
addition, different conditions were tried, varying the electrolyte concentration and different nickel
electrodes such us Ni foam, showing here some results of the best conditions tested.
Furthermore, the proposed methodology using these electrodes allows improving some aspects:
a) the electro-oxidation of primary amines (-CH2-NH2) is thermodynamically more favorable than
OER and helps for enhancing hydrogen evolution reaction (HER), and b) the nitrile products are
hydrophobic and can easily be separated from the aqueous electrolyte/electrode reaction
interface.
To conclude, the proposed electrodes compared with Ni/Se reported in the literature for the
electrooxidation of amines[2] have a great benefit because allow reducing by half the reaction time
for the complete oxidation.
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Following the principles of Green Chemistry, sustainability, efficiency and selectivity are
fundamental aspects to consider when developing a successful new chemical methodology.
Thus, the transition-metal catalyzed activation of inert and ubiquitous C-H bonds has emerged as
a powerful strategy for the design and development of environmentally benign synthetic
procedures, since it allows the use of non-functionalized reagents, providing more straightforward
and sustainable protocols.[1] Still, the main drawback of this transformation is the use of toxic and
hazardous organic solvents. Hence, the development of benign and environmentally-friendly CH activation methodologies remains in demand.
Deep Eutectic Solvents (DESs) have emerged as sustainable solvents with unique and
tunable properties,[2,3] with their use as alternative and green solvents being widely explored
recently several reactions.[3,4] Herein, this study aims to demonstrate the broad potential of DESs
to replace volatile organic solvents, showing a versatile and efficient methodology for rutheniumcatalyzed C-H activation reaction that has been developed in these sustainable reaction media.
The adjustable and unique properties of DESs allowed the use of a wide range of suitable
substrates for the C-H activation transformation obtaining promising results (Scheme 1). Also, it
was possible to recycle the reaction medium for at least 3 consecutive cycles with a slight
decrease in the results and to perform the reaction at gram scale.

Scheme 1
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In the last years, the scientific community has shown a huge interest for the use of CO2 as
C1 feedstock with the objective of reduce its concentration in the atmosphere. One of its most
interesting transformations is the reduction into methanol, which can be used as fuel or as a
building block to synthesize valuable chemicals.[1] To carry out this reduction, several reducing
agents have been studied with homogeneous catalysts, where hydroboranes stand out for
favoring mild reaction conditions and enabling the use of organocatalysts.[2]
Guanidines [R1–N=C(NR2R3)(NR4R5)] have been widley used in medicine, biology, and
coordination chemistry because of their strong basicity and versatility.[3] Also, examples of cyclic
guanidines such as 1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD) or 7-methyl-1,5,7triazabicyclo[4.4.0]dec-5 -ene (Me-TBD) used as catalysts for the reduction of CO2 by catalytic
route can be found.[4] However, trisubstituted guanidines can be modulated according to their
substituents to better control the steric and electronic factors of the catalyst. They can also be
easily obtained from the addition of amines to carbodiimides by catalytic guanylation.[5]
In this work, we use four different trisubstituted guanidines [R1–N=C(NHR2)(NHR3)] (R =
alryl or alkyl groups) as catalysts for the reduction of CO2 to methanol using two commercial
hydroboranes (BH3·SMe2, 9-borabicyclo-[3:3:1]-borane (HBBN)) as reductant agents. Several
experiments have been carried out to optimize the catalytic conditions, as well as catalysts’
recycling experiments to prove their activity. Furthermore, stoichiometric experiments helped us
to identify the intermediates of the catalytic reactions.

Figure 1: Catalytic reduction of CO2 with HBBN and BH3·SMe2
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Non-heme Iron complexes are used as biomimetic of oxygenase metalloenzymes. These
enzymes are capable of changing the oxidation state of its iron center to control O-O bond
formation and cleavage, which makes their mimetics an ideal model for carrying out oxidative
transformations. [1] Previous studies with a non-heme iron complex supported by the neutral tetradentate N-based PyNMe3 ligand reveal that, upon addition of periodate, this compound initially
forms a mixture of two oxoiron(IV) isomers that evolve more slowly to form exclusively the
thermodynamically favored one. [2] In this work we report kinetic studies on the isomerization
process and the HAT (Hydrogen Atom Transfer) and OAT (Oxygen Atom Transfer) reactions of
both isomers. Several RPyNMe3 complexes that differ in the nature of the R substituent at the
pyridine ring are included in the study, and Hammett plots are used to explore the mechanistic
details of the processes.
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The rate of isomerization of the [(RPyNMe3)FeIV(O)(NCMe)]2+ depends on the nature of the
R substituent, and Hammett plots at different temperatures show negative slopes, which indicates
that some positive charge is built at the complex during the isomerization process, which can be
considered to result from total or partial dissociation of an acetonitrile ligand. In contrast, Hammett
plots show that the nature of the substituent does not have any effect on the kinetics of HAT
processes using both isomers, thus showing that the process occurs without development of
positive or negative charge, in agreement with rate-limiting transfer of a neutral hydrogen atom.
Finally, the Hammett plots for OAT processes show a positive slope for both isomers, which
indicates that some negative charge is built at the FeIV(O) intermediates, in agreement with
electrophilic attack to the substrate.
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Heterometallic cooperativity between active centres is currently attracting great attention since it
represents an emerging strategy to enhance catalyst reactivity and selectivity[1] in both small and
macromolecular transformations. Heterodinuclear catalysts have shown to outperform
significantly their monometallic analogues or mixtures in many catalytic processes, since a
synergic electronic communication between the two centres can simultaneously modify the metal
Lewis acidity as well as metal-R bond polarity. We describe here the rational design of a series
of novel chiral heterobimetallic Mg/Al-based helical scorpionate-based complexes with a rigid
extended planar π-C2N2(sp2)–Al/Mg core, and their unprecedented employment as highly efficient
and versatile initiators through cooperativity between their centres in several sustainable and
industrially-demanded processes. We initially verified their potential utility for the well-controlled
ROP of rac-LA, as these species act as single-component initiators at room temperature in few
minutes, exhibiting high levels of heteroselectivity (Ps = 0.86). Very interestingly, these
heterobimetallics also display very good efficiencies for CO2 fixation processes. Thus, in
combination with tetra‐n‐butylammonium bromide, these complexes led to very active and
selective catalysts for the production of five‐membered cyclic carbonates, through the
cycloaddition of CO2 and a wide range of epoxides, including mono-, di- and bio‐renewable
derived substrates, under mild and solvent-free conditions. Moreover, they exhibited high activity
and selectivity as one-component initiators for the synthesis of poly(cyclohexene carbonate) via
ROCOP of cyclohexene oxide and CO2 under soft conditions, affording polycarbonate materials
with narrow dispersity values (Figure 1).

Figure 1.
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Biomass is a potential sustainable alternative to fossil fuels, which are mainly associated
with environmental problems as greenhouse gas emissions or pollution. Nowadays, biomass
transformation to fuels and high-added value chemicals is one of the most important challenge of
heterogeneous catalysis. [1] 5-Hydroxymethylfurfrual (HMF) is one of the most promising “platform
chemicals”, having a very versatile structure and a wide range of furanic derivatives with multiple
applications. [2] Some of the oxidation products of HMF (Scheme 1) are: 2,5-furandicarboxilyc acid
(FDCA), 2,5-diformylfurane (DFF), 5-formyl-2-furancarboxilyc acid (FFCA) and 5-hydroxymethyl2-furancarboxilyc acid (FFCA). DFF has been used in the synthesis of macrocyclic ligands or
pesticides, HMFCA can act as an antitumoral agent and FFCA is mainly used in drug synthesis.
Nevertheless, FDCA is the most promising compound of the family as it is between the 12 highest
added-value compounds and it can be used in the polymer industry replacing p-xylene (98 % of
p-xylene is used in the synthesis of polyethylene terephthalate). Besides, the furanic structure
present in FDCA facilitates the degradation of materials containing this monomer, so it is an ideal
candidate for the preparation of biodegradable polymers. [3]

Scheme 1. Principal HMF oxidation products
HMF oxidation can be promoted by using a heterogeneous catalyst based on noble metals
such as Ru, Pd, Pt or Au. In this work, catalysts differing in the support (Al2O3, carbon) or the
metal (Pd, Au) are going to be studied under different basic conditions (testing different anions:
CO32- and OH- and different anions: Na+, Li+, K+, Cs+). Leaching and kinetic studies are also
described.
Acknowledgements: We want to thank the financial support offered by Junta de
Andalucía (Ayudas a la I+D+I en el ámbito del plan andaluz de investigación, desarrollo e
innovación-PAIDI 2021-red. P20:01027
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In the view of depleting fossil fuels, developing efficient processes for the valorizations of
biomass-derived substrates is crucial for a future sustainable production of chemicals and fuels
to cope up with the increased energy demands. In the light of earnest scarcity of efficient and
selective homogeneous catalyzed one pot hydrogenation of biomass derived substrates, we
address this concern with the aim of developing processes that function efficiently under mild and
sustainable conditions.
Herein, we report a new and efficient route to convert biomass derived substrates. For example,
furanics such as hydroxymethyl furfural (HMF), 5-methylfurfural (MF) and furfural (FAL) can be
converted to respective furfuryl alcohols using low loadings of PNP metal complexes under mild
conditions. Thus, using 0.05 mol% (500 ppm) of a PNP-Ru complex in a 2 mol% NaOEt/EtOH
solution at 25 0C converts HMF to 2,5 bis(hydroxymethyl)furan (DHMF) in 1 min, with a TOF
>1900 min-1 . Similarly, employing 50 ppm of Ru-MACHO in neat MF at 120 0C results in an
unprecedented transformation to 5-methyl furfuryl alcohol (MFA) in 5h. Further lowering the
catalyst loading to 5 ppm leads to 74 % conversion in 48 h, corresponding to a TON 148000 and
a TOF of 51 min-1. This protocol could be easily expanded to yet another bio relevant substrate,
FAL. Loading 500 ppm PNP-Ru under 30 bar H2 at 25 0C, a very high catalytic conversion rates
of FAL to furfural alcohol (FA) was also achieved.
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Extensive research is currently focused on H2 production and storage as a means to develop a
sustainable, clean energy source. [1] Water undergoes electrochemical splitting through the
oxygen evolution reaction (OER) and the hydrogen evolution reaction (HER), with the former
being widely considered to be the rate-determining half reaction. [1,2] Many different catalysts
have been developed for the OER, with IrO2 providing great efficiency in acidic media owing to
its remarkable stability (essential property in harsh acidic media) and activity. Yet reaction
upscaling remains limited by the costly iridium. [3] Thus current research naturally develops into
mainly two different directions. On the one hand, reducing the kinetic overpotential may enhance
the process’ overall efficiency. On the other hand, advanced nanofabrication could provide an
effective means to minimize metal loading on the catalyst without compromising its activity. [4]
Hybrid core shell nanoparticles happen to conveniently merge both strategies: not only can their
catalytic properties be tuned finely, but their composition may also be changed to perfectly suit
the required noble metal ratio at the catalytic sites whilst minimizing its content elsewhere. [4]

Scheme 1. Proposed reaction mechanisms for the oxygen evolution reaction. [5]
In this contribution we will show our work on the catalytic activity for the oxygen evolution reaction
of three hybrid core shell surface models: RuO2@IrO2; Ir@IrO2 and IrNi@IrO2. For that, for each
material, we will discuss by means of DFT periodic calculations the feasibility of the three most
frequently described OER mechanisms, namely, the water nucleophilic attack (WNA), the oxocoupling mechanism (I2M) and the lattice oxygen evolution reaction (LOER) (Scheme 1) [5].
Moreover, we will also analyze how the shell-to-core ratio influences the catalytic performance
and report the most efficient systems, which ultimately will allow us to propose new potentially
active materials.
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There is a great interest from academia and industry for the development of sustainable
metal-free catalysts for advanced oxidation processes (AOPs).[1] The challenge in this area is the
replacement of transition metal catalysts by sustainable metal-free carbonaceous materials. The
first reported examples in carbocatalysis for AOPs employed activated carbons and the field
expanded continuously with the discovery or new carbon allotropes such as nanodiamonds,
carbon nanotubes or graphenes as well as their related carbon materials.[2] Some important
aspects in carbocatalysis include the development of atomically precise active sites as well as to
gain some insights about the observed catalytic activity. Since the preparation of nanodiamonds
at industrial scale by the detonation method using a mixture of explosives such as hexogen of
1,3,5-trinitrotoluene
their interest in heterogeneous catalysis greatly expanded.[3] In addition
to the use of nanodiamonds as catalyst support several studies have shown their potential for the
preparation of carbocatalysts. One common approach in the field of carbocatalysis using
nanodiamonds is their modification by thermal annealing at high temperatures resulting in a hybrid
structure with diamond core and graphitic shell together with oxygen and nitrogen functionalities.
A series of studies have employed these hybrid nanodiamonds as active metal-free AOPs catalyst
for the activation of oxidants such as peroxymonosulfate or persulfate.[3]
In this communication we report a comprehensive study on the preparation of thermally
annealed nanodiamonds under argon atmosphere and their use as metal-free catalysts for O3
activation and oxalic acid model pollutant degradation in water.[4] The thermal treatment at
different temperatures determines the resulting structure of the carbon material with a diamond
core and graphitic shell together with different oxygen and nitrogen content. The catalytic results
obtained showed a volcano-type trend relationship between the catalytic activities and the sp2/sp3
carbon ratio. The most active carbocatalsyst
prepared by thermal treatment of nanodiamonds at
1100 ºC under Ar for 1 h showed a unique sp2/sp3
core-shell structure with optimized amounts of
oxygen and nitrogen functionalities. This work
shows the possibility of tailoring the physicochemical properties of commercial nanodiamonds
for the development of efficient ozonation
carbocatalysts in water.
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Hydroformylation (HF) reaction is one of the most relevant industrial process for the
production of aldehydes from olefins and syngas (CO+H2)[1,2]. At large scale, it is a homogenously
catalyzed process, being Co and Rh complexes modified with phosphorus ligand are widely used
as catalysts. Although biphasic systems have been applied in HF of light olefins, the metal
leaching and the catalyst recycling are still the major drawbacks of this process [1]. Single atoms
dispersed over a heterogeneous support are postulating as a cost-effective alternative, providing
isolated atoms and facilitating the catalyst recovery. Besides, a way to improve the resistance to
metal leaching in heterogeneous catalysts is by creating strong metal-support interactions. In view
of that, the present work involves the design of Rh single atoms over ECN with different metalsupport interaction and the evaluation of their stability in HF reaction.
Graphitic carbon nitride (g-C3N4 or ECN) has been claimed as a promising support for
single atom catalysts (SACs), being able to host single atoms in its s-triazine rings[3]. Accordingly,
Rh addition over ECN was conducted through (i) wetness impregnation (Rh/ECN) and (ii)
incorporation of Rh into the ECN structure (Rh-ECN). The synthesized catalysts were
characterized by XRD, TGA, XPS, N2 physisorption, HRTEM, ICP and elemental analysis. At low
Rh amount, Rh-ECN shows a shift to lower 2θ when comparing with bare ECN and Rh/ECN,
indicating the incorporation of Rh in ECN structure (Fig 1(a)). Generally, no peaks belong to Rh
phases are perceived in the XRD (Fig 1(a)). Additionally, the strong metal support interaction of
Rh-ECN catalysts can be clearly observed by their shift to higher decomposition temperature
compared to ECN accomplished by TGA (Fig 1(b)). HRTEM analyses displayed Rh single atoms
highly dispersed over ECN through both synthesis routes (Fig 1 (c)). All catalysts prepared were
further submitted to HF reaction using styrene as substrate.

Fig 1. (a) XRD, (b) TGA and (c) HR TEM of the synthesized materials
[1] J. Amsler, B. B. Sarma, G. Agostini, G. Prieto, P. N. Plessow and F. Studt, J. Am. Chem. Soc.,
2020, 5087-5096
[2] M. Beller, B. Cornils, C. D. Frohning and C. W. Kohlpaintner, J. Mol. Cata. A: Chemical, 1995,
17-85
[3] Z. Chen, E. Vorobyeva, S. Mitchell, E. Fako, M. A. Ortuño, N. López, S. M. Collins, P. A.
Midgley, S. Richar, G. Villé and J. Pérez-Ramirez, Nature Nanotech, 2018, 702-707
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KINETIC AND MECHANISTIC INSIGHTS ON THE DEHYDROGENATION OF
FORMIC ACID MEDIATED BY A Mo3S4 HYDRIDE CLUSTER CATALYST
UNDER BASE FREE CONDITIONS
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Fernández-Trujillo,c and M.G. Basallotec
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Chemical hydrogen storage has become one of the most investigated issues in the recent
years as it constitutes a green alternative to the intermittent energy sources. In particular, liquid
organic carriers, such as formic acid (FA), have been deeply studied as H2 vectors.[1, 2]
Catalytic dehydrogenation (DH) of FA can be achieved by a wide number of noble metalbased catalysts while the examples of molybdenum-based homogeneous catalysts remain almost
inexistent.[2, 3] Here, we present the first trinuclear [Mo3S4H3(dmpe)3]BPh4 cluster catalyst for the
FA dehydrogenation. The reaction, depicted in Scheme 1, has been monitored over the time. This
study has allowed to go further into the kinetics of the reaction.

HCOOH

[Mo3S4H3(dmpe)3]+

H2

+

CO2

propylene carbonate
120 ºC
Scheme 1. Formic acid dehydrogenation reaction mediated by a Mo3S4 hydride cluster.
Finally, DFT calculations let us to propose a plausible mechanism, shown in figure 2, that
involves a formate cluster intermediate. Detailed kinetic and mechanistic results will be
discussed.

=

Figure 1. Base free catalytic mechanism of the DH of FA.
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La(III), Cd(II) AND Ni(II) BIOSORPTION USING ALGAE RESIDUE
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Water contamination by heavy metals represents a major ecological and health problem
given their toxicity and their tendency to accumulate in the food chain [1]. Rare earth metals
constitute strategic metals that require careful recycling. Most metal recovery processes from
wastewater are expensive and inefficient, especially at low concentrations, and they can also
generate new residues that, in turn, need to be treated.
Brown algae have the capacity to accumulate metal ions, thanks mainly to the alginate
present in the cell wall containing functional groups (hydroxyl, carboxyl, amines, etc.) [2]. During
the extraction of bio-stimulants from algal biomass a residue is produced; the algae residue is
currently poorly valorized. In this study, the residue issued from the treatment of brown algae
Laminaria digitata was used for the biosorption of La3+, Cd2+ and Ni2+ from aqueous solution
(single vs. binary metal solutions).
The algae residue (sorbent) is used directly, without physical, chemical or mechanical
treatment. The pH analyses, both of the sorbent (pHPZC determination) and the metal-bearing
solutions, correlates the optimum pH (at pH close to 5) with the surface charge of the sorbent.
The kinetic curves are systematically fitted by the pseudo second order rate equation, with kinetic
coefficient (Figure 1). Single system sorption assays revealed similar sorbent adsorption capacity
for La (0.83 mmol·L-1) and Cd (0.81 mmol·L-1), and slightly lower for Ni (0.71 mmol·L-1). However,
in binary systems (i.e., La:Cd and La:Ni), the selectivity of the sorbent towards La is highly
favorable, thus contributing to separate La from Cd and Ni (Figure 2). Analysis by XPS and FTIR
revealed the presence of carboxyl and hydroxyl functional groups and their contribution into the
mechanism of metal ion binding, through an ion exchange mechanism. SEM and SEM-EDX
observations were also used for characterizing the materials and the distribution of metal ions at
the surface of the sorbent.

Figure 1. Kinetics profiles for La3+, Cd2+ and
Ni2+. Sorbent dosage: 0.5 g·L-1

Figure 2. Sorption isotherms for
equimolar binary system
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Catalytic hydrogenation of organic substrates is a key reaction in chemistry due to its great
practical significance, and transition metal catalysts have been the most effective in achieving this
transformation. Cuboidal Mo3(µ3-S)(µ-S)3 clusters are active catalyst for the hydrogenation of
nitrocompounds to produce aniline derivatives using formic acid, silanes or hydrogen as reducing
agents[1] In the former case, hydrido Mo-H cluster complexes have been identified as the active
species. Diamino Mo3S4 clusters catalyze the semyhydrogenation of alkynes as wells as the
hydrogenation of azocompounds to afford aniline. Interestingly, hydrogen activation in both
reactions occurs without direct participation of the metal, as shown in Figure 1. [2-3]

Figure 1. Hydroden activation by Mo3S4 clusters: some representative intermediates
In this presentation, we will discuss the capability of molybdenum sufide materials to
activate hydrogen through uncommon sulfur-based mechanisms. These results open attractive
possibilities towards their applications in other hydrogenation processes.
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The hydroformylation of alkenes is nowadays one of the most important industrial
applications of homogeneous catalysis, consisting of a one-carbon chain elongation of double
bonds by usually adding CO and H2 (syngas). Industrial processes use mainly Co and Rh
catalysts, but due to their high prize, recycling difficulties and supply risks, there is an enormous
interest to replace them by other metals such as Pd, Fe or Cu.[1] Employing formic acid and acetic
anhydride as syngas surrogates, a Pd-catayzed regioselective hydroformylation of several alkene
substrates could be achieved.[2] Currently, the group of Dr. Godard (URV) has developed a new
approach using a more readily-available syngas surrogate, formaldehyde.
Based on these experimental results, here we present our computational studies on the
reaction mechanism of styrene’s hydroformylation with formaldehyde catalyzed by Pddiphosphine. Differently from the previous mechanistic proposals resembling those for Rh
catalysts,[1,2] we characterized a novel catalytic cycle in which the acid additive acts as co-catalyst.
This mechanism agrees with the observed regio- and chemoselectivity, as well as, with the
necessary presence of an acid. The computational study was mostly based on the
characterization of the potential energy surface by means of DFT methods, but also the attempts
of microkinetic and descriptor- based modelling will be presented in the poster.
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For centuries, humans have been inspired by nature to create better materials, new
machines, devices or techniques. Chemists have also found in nature a model to create new
molecules such as drugs, biodegradable polymers, etc.
In our group, we have been impressed by the way nature employs enzymes to catalyse
chemical reactions inside our bodies with high selectivity and speed.
Here we present our recent studies on the active center of hydrolases enzymes which we
have used to create small-molecule artificial hydrolases[1] as well as adaptable molecular
receptors with an oxyanion-hole motif.[2] We have also tried to engage with the cellular machinery
to create new anticancer pro-drugs activated under certain cellular conditions.
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The ionic liquids (ILs) are unique tools simultaneously improving the catalytic efficiency and the
sustainability of chemical transformations. [1] The immobilized version of these systems allows
exploiting the unique properties of ILs in catalysis while facilitating the isolation of products and
the recovery of the catalysts as well as the phase functionalized with IL. [2],[3]
Here we report a simple synthetic methodology for the preparation of multifunctional task-specific
catalysts supported ionic liquid-like phases. These systems are functionalized with DLhomocysteine thiolactone, which enables the simple preparation of a libraries of multifunctional
ILs with great structural diversity. The presence of the IL-like moieties and additional functional
groups presented in the SILLPs play a key role to immobilize and stabilize cupper species leading
to efficient catalytic systems for the synthesis of 1,2,3-triazoles by click terminal alkyne
cycloaddition (Cu-AAC). The scope of these systems has been studied with various
aromatic/aliphatic acetylenes obtaining excellent results. In addition, we have developed
photocatalytic a strategy allowing the recover and reuse of the catalytic systems in multiple
reaction cycles with good results.

Figure 1. Scheme of application of SILLPs in the synthesis of triazoles.
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The increasing demand of more sustainable transformations has risen particular attention in
multimetallic complexes. Through cooperation of the metals in close proximity, these species
display enhanced catalytic properties in an arrange of organic transformations (e.g.: C-C, C-N
bond formation) [1] over their monometallic counterparts. In contrast to the large number of
examples of late transition metals, multimetallic systems formed by abundant and early transition
metals are scarce. In specific, titanium is the 9th most abundant of all elements in the earth´s
crust and offers great potential in catalytic applications,[2] however the synthesized polymetallic
species up to date are mostly bimetallic compounds linked by labile anionic ligands, and their
applications are limited to polymerization. [3]
Herein we report the preparation and characterization of new trinuclear titanium species
generated by metalation reaction of preorganized bridging ligands. The isolated compounds were
tested in catalytic intramolecular hydroamination of non-activated alkenes. Preliminary
mechanistic investigations point a crucial role played by the multimetallic synergy, which enables
intramolecular cyclization under relatively mild reaction conditions.[2]
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Nitrogen-containing compounds, particularly amines and their derivatives, are important
intermediates for pharmaceuticals, and for many others interesting compounds.[1] The alkylation
of amines is a widely used organic reaction involving an amine and an alkylating reagent having
a good leaving group.[2]
The most prominent processes to obtain this alkylation of amines with allylic alcohols
normally use a transition metal as catalyst to activate the hydroxyl group, promoting a nucleophilic
substitution.[3]

Scheme 1. N-alkylation of anilines with allylic alcohols under mild reaction conditions
In this study, we have replaced the use of common organic solvents and metals as catalysts
in the model reaction between anilines and allylic alcohols by greener and milder conditions,
including room temperature (Scheme 1). This is an improvement over most examples reported in
the literature, where higher temperatures and stronger reaction conditions are usually used.
These features make our approach an attractive metal-free green alternative to develop this
process.[4]
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The use of carbon dioxide (CO2) as a C1 chemical feedstock is attracting a significant
amount of interest as a result of it being a cheap, renewable and non-toxic compound. Whilst
many applications have been developed,[1] one of the most interesting is the atom-economic
coupling of epoxides and CO2 to form cyclic carbonates. A large number of Lewis acid-based
catalysts have been developed for this conversion, with some of the most active examples being
based on aluminium.[2] However, and surprisingly, despite this success with aluminium, few
catalysts have been reported based on other group 13 elements. This has left a large void in the
research landscape given the well-established and exploited Lewis acid properties of these other
elements (boron, gallium and indium). In this contribution we will report our most recent
published[3] and unpublished results on the search for and application of group 13 catalysts
beyond aluminium. The newly developed catalysts have also been studied through DFT and AbInitio Molecular Dynamic investigations and important mechanistic insights arising from these will
also be highlighted. Finally, an overview of the application of these catalysts towards the synthesis
of bio-based monomers for polymer synthesis will also be presented.
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With the high demand for renewable energy and the attention to environmental pollution,[1]
biomass valorization to higher value-added chemicals is getting more popular, especially within
sustainable fuel development. Homogeneous organometallic catalysis has shown great versatility
in this area. The plethora of green processes developed in the last couple of decades using pincer
complexes catalysis shows great promise for this catalyst type to become a key player in the
transition to the sustainable chemical industry.
While staying in the Nielsen group, I have developed novel transformations of biomass
using organometallic catalysis, which will give direct access to value-added compounds otherwise
not easily accessible.
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The isomerization of terminal alkenes is currently carried out in industry with unselective
and relatively costly processes, to give mixtures of alkenes with significant amounts of
oligomerized, branched and reduced by–products[1]. We have found that part–per– million
amounts of a variety of commercially available ruthenium compounds, transform into an extremely
active catalyst for the regioselective migration of terminal alkenes to internal positions, with yields
and selectivity up to >99% and without any solvent, ligand, additive or protecting atmosphere
required, but only heating at temperatures >150ºC. The resulting internal alkene can be prepared
in kilogram quantities, ready to be used in nine different organic reactions without any further
treatment.
Figure 1 shows that the Ru-catalyzed isomerization reaction can be easily engaged in onepot with a variety of reactions, since the internal alkene is obtained in pure after isomerization,
thus any further technical operation is not required. Not only classical oxy-addition reactions to
the double bond of methyl isoeugenol 2 can be carried out but also metal-catalyzed carboncarbon bond forming reactions such as alkene metathesis[2] and Mizoroki-Heck reaction[3] can be
directly performed on the same flask of the isomerization reaction of methyl eugenol, since the
remaining traces of Ru do not interfere. These results illustrate the simplicity of the solventless
Ru-catalyzed isomerization procedure found.

Figure 1. One–pot reactions of the internal alkene product methyl isoeugenol 2.
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The capture of solar energy and its direct conversion into chemical energy using artificial
photosystems is one of the most promising routes to provide the global demand of energy in a
sustainable way. Among the different existing approaches, the photoelectrochemical (PEC)
energy conversion has attracted considerable interest in solar energy storage through the
formation of chemical bonds in the form of dihydrogen molecules or carbon-based fuels. [1] These
systems are normally based on semiconductors that absorb solar energy, that is, photoanodes
(photooxidation reaction) and photocathodes (photoreduction reaction), coupled to catalyst and
connected by an aqueous electrolyte. However, the main challenge lies in the lack of efficient,
inexpensive, stable and scalable semiconductors, particularly in the photoanode, where the
oxygen evolution reaction (OER) takes place.
Metal oxides are the most studied materials as photoanodes since they have a valence
band with a thermodynamically favourable energy for the OER. Several semiconductors have
been tested, such as titanium dioxide (TiO2), hematite (α-Fe2O3), bismuth vanadate (BiVO4) and
tungsten trioxide (WO3) among others. [2] Among all of them, we focus our attention on Bismuth
vanadate (BiVO4), that in the last two decades has emerged as one of the most robust, efficient,
and inexpensive photoanode for water electrolysis. In particular, BiVO4 is characterized by having
a bandgap of 2.4 eV, allowing it to absorb a higher amount of solar energy compared to the
previously mentioned oxides.[3] However, the practical conversion efficiency of BiVO4
photoelectrodes is below the theoretical maximum photocurrent density under standard sunlight
for water splitting processes (7.5 mA/cm2).[4] This difference could be explained by the excessive
hole-electron recombination, the slow charge transportation and poor water oxidation kinetics. [5]
Understanding these limitations is the initial step to be able to obtain large area photoanodes with
competitive photocurrents. Different strategies to obtain efficient photoanodes based on
morphological control, hetero/homo-junction fabrication or surface co-catalyst deposition have
been developed. [6]
In this communication I will describe different fabrication methods of nanostructured
BiVO4 photoanodes and their PEC characterization, which is essential to understand the
mechanisms that are limiting the photocurrent response. For this porpoise, synthetic and
mechanisms studies were currently carried out in our laboratory.
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H2 production through water electrolysis is a very promising strategy for storing sunlight energy.
For the limiting oxygen evolution reaction, iridium oxide containing materials are very promising
due to their stability in acidic conditions. Unfortunately, iridium is an expensive precious metal and
thus, lowering the iridium content on the catalyst is an essential issue for their practical
implementation. Several research groups have synthetized small IrO2(IrOX) nanoparticles of
about 1.5 – 2.0 nm that have been shown to be within the most active species, particularly when
normalizing by the catalyst amount.
In this contribution, we present our recent studies on the catalytic activity for the oxygen evolution
reaction of iridium oxide nanoparticles, we describe the model construction,[1] the material-water
interface[2] and the catalytic process itself.[3] Results show that penta-coordinated sites located
at the (110) surface are poorly active when compared to other centers of the nanoparticle. In
contrast, tri- and tetra-coordinated sites mainly located at tip, corner or edges (in larger models)
of the nanoparticle present lower overpotentials. This suggests that these low coordinated sites
are responsible for the higher catalytic activity observed for nanoparticles when compared to
crystalline materials.
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Nowadays, the role of carbon dioxide as one of the major greenhouse gases responsible
of global warming is well known to all. Recently, interest has grown both in reducing the emissions
of CO2 and its use as a source of C1 for the synthesis of high-added value compounds.[1] One of
these products is formate, which can be obtained by hydrogenation of CO2 in a basic medium.[2]
This is a promising system in terms of the valorization of CO2 and its potential utilization as
hydrogen storage, but it remains a challenge due to the stability of this gas.
In this work, a series of heterogeneous palladium catalysts have been developed. The
synthesis of the nanoparticles has been carried out by the organometallic method,[3] using ligands
and supports of different nature for their stabilization. Indeed, the aim was to modify the surface
of these catalysts both at a morphological/size level and at an electronic level through their
interaction with the stabilizer and the support. The catalysts were characterized by several
techniques and their catalytic activity evaluated in for the hydrogenation of CO2 to formate.

Figure 1. Catalytic performance of phosphine stabilized palladium nanoparticles for carbon
dioxide conversion to formate.
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Porous frameworks is a highly promising class of materials in multiple applications,
including CO2 conversion and water splitting under visible light (Z-scheme process) due to their
conduction band and valence band suitable alignment.[1,2] Usually, these materials are designed
and developed for covering the role of photosensitisers, catalyst and/or catalytic support systems.
However, framework-based materials have been demonstrated to be a promising area in the
photoreduction of CO2.[3]
Due to their porosity, structural versatility, and ability to engineer the bandgap, 2D COFs
offer new opportunities for sunlight harvesting, water splitting, and CO2 reduction. However, to
date, syngas production by simultaneous catalytic CO2 reduction and water oxidation with 2D
COF-based has not been explored, even lesser in a continuous-flow reactor.
2D COFs can be designed as host photosensitisers to produce efficient photoactive hybrid
materials. However, electron-hole recombination remains a major drawback for these systems. It
has been theorised that metal and metal oxide nanoparticles (localised metallic species with
space restricted metallic oxide moieties) embedded in 2D COF porous network will increase the
charge-separated state lifetime by reducing the charge recombination process.
The development of these materials is part of the objectives of the NEFERTITI[4] project,
an EU-funded project that aims to develop an efficient photocatalytic process coupling in a single
device with both the simultaneous conversion of CO2 and H2O and the formation of C-C bonds.
In this work, the design of framework-based catalysts for use in the first flow photoreactor will be
presented.

References
[1] Wisser, F. M. et al. Angew. Chem. Int Ed. 2020, 13, 5116-5122.
[2] Fu, Z. et al. Chem. Sci. 2020, 11, 543-550.
[3] Liu, M. et al. Appl. Catal. B: Environ. 2019, 245, 496-501.
[4] https://projectnefertiti.eu/

613

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-056

PHOTOACTIVE ORGANIC-POLYMER APPLIED FOR SOLVENT-FREE
PHOTOCATALYTIC OXIDATION PROCESES
Miguel Sánchez de la Fuente,a Alicia Jimenez-Alamarza,a José Alemánb and Rubén MasBallestéa
a
Departamento de Química Inorgánica, Módulo 7, Facultad de Ciencias, Universidad
Autónoma de Madrid, 28049 Madrid, Spain
. b Departamento de Química Orgánica, Módulo 1, Facultad de Ciencias, Universidad Autónoma
de Madrid, 28049 Madrid, Spain uthor affiliation
e-mail: miguel.sanchezd@uam.es
Keywords: photocatalysis, solvent-free, oxidation, polymer, organic, metal-free.
In the context of Green Chemistry, Photocatalysis has played a fundamental role in the
development of environment-friendly and clean organic transformations. Specifically for this
purpose, wide variety of polymeric photoactive materials have been designed focusing on the
choice of the monomeric units, with intrinsic functionality. These materials have been successfully
applied, for example, in oxidation reactions for derivatization of relevant organic compounds[1] and
pollutants degradation.[2] Following this approach, in this work we assembled the phenotiazine
containing trialdehyde building block 4,4′,4″-(10-phenothiazine-3,7,10-triyl)tribenzaldehyde and
(1R,2R)-cyclohexane-1,2-diamine.[3] Condensation of such building blocks at high concentrations
results in the formation of a yellow transparent film (see Figure). Characterization of this material
indicates that it is the result of the assembly of a linear polymer resulting from the linking of iminebased macrocycles. Phenotiazine units confer to this plastic promising photophysical properties,
such as an intense absorption of visible-range light and the capacity of promoting the formation
of reactive oxygen species. Furthermore, the transparency of the obtained material enabled the
performance of solvent-free photocatalytic processes. This concept is illustrated by the oxidation
of liquid organic sulfides, which can be performed in a recyclable manner. According to selective
quenching experiments, such processes are the result of the energy transfer to oxygen molecule,
generating singlet oxygen that is able to activate the sulfide molecules directly.

Blue LEDs

Sulfide oxidation with thin-layered PTH-containing polymer
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Halide perovskite materials (HPM) have been recently employed as photocatalysts in H2
generation, CO2 reduction and organic synthesis.[1] However, the high toxicity of lead is directing
research to Pb-free halide perovskites with bismuth as main candidate to replace Pb. [2] In this
work, we carry out the synthesis of two bismuth-based halide perovskites with chemical
composition Cs2AgBiBr6 and Cs3Bi2Br9 via a solvent-free mechanochemical process in a ball mill.
The obtained perovskite powders were characterized via X-ray diffraction, scanning electron
microscopy (SEM) and absorption and photoluminescence (PL) steady-state and time-resolved
spectroscopy.
Both photo-systems were employed in the
oxidation of vanillyl alcohol to vanillin, the aldehyde
derivative, under UV or visible illumination. Moderate
values of photocatalytic conversion (15-30%) were
observed except for Cs2AgBiBr6 under visible light
irradiation where 95% conversion could be obtained
after only 80 minutes of exposition. PL measurements
with the fluorescent probe hydroethidine and electron
spin resonance (ESR) demonstrated the formation of
superoxide radical species (●O2) after photoexcitation,
with a larger concentration observed for Cs2AgBiBr6
under visible light due to higher absorption and longer
lifetime of the photogenerated charge carriers.
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Carbon dioxide anthropogenic emissions are estimated to be on the order of 35 Gt per
year, part of which has accumulated in the atmosphere reaching a concentration higher than 400
ppm.[1] Since CO2 is one of the greenhouse effect gases, it contributes to climate change with the
well-known disastrous consequences. However, CO2 may be an interesting sustainable carbon
source if we are able to reduce it efficiently to more reactive products such as CO, HCOOH,
CH3OH or CH4, which can be used as energy vectors or as intermediates for other chemical's
synthesis.[2] The high stability of CO2 (Gf0 = -394.228 kJ/mol)[3] makes that the barriers for any
reaction to transform it very high, so a significant energy input and the use of efficient catalysts
are usually required. The electrochemical and/or photochemical approaches are the most
common ways to tackle this challenge,[4] being the latter more attractive due to the possibility of
using directly the green, renewable and powerful source of energy provided by the sun. Molecular
complexes of earth abundant metals with aza macrocyclic ligands are the basis of highly selective
photocatalytic systems for CO2 reduction.[5] Unfortunately, high activities are still rare. Therefore,
the development of more efficient systems is still necessary for commercial applications.
Here, we report the results of the photoreduction of CO2 to CO using a series of metal
complexes containing tetraaza N2N'2-donor ligands with different characteristics (Figure 1) in the
presence of a photosensitizer and a sacrificial electron donor. The effect of the metal (Fe(II),
Co(II), Ni(II)), the aromatic skeleton (N2 = bipyridine or phenanthroline), nature of the N'2-donor
groups (imine or amine), substituents R (aryl or alkyl) and the other ligands X (halide or triflate)
were considered. The catalytic systems containing Fe(II) complexes produced CO under
irradiation at 460 nm LED light achieving up to TONCO ca 102 mol CO2 converted/mol catalyst.
Carbon monoxide was the only reduced CO2 product but hydrogen was also formed.

Figure 1
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In the last decades, the sustained increase in energy consumption has led to an excessive
use of fossil fuels to cover the demand. The resulting emissions of greenhouse gases have greatly
contributed to the global climate change.[1] Therefore, in the urgent transition from a fossil fuels
based economy to a carbon neutral society with circular economy, processes inspired by nature,
such as photosynthesis, can be taken as source of inspiration. In particular, artificial
photosynthesis aims for the efficient generation of fuels or chemical feedstocks (i.e. H2, MeOH,
syngas, ethylene, etc.) from water or water/CO2 and sunlight energy. However, to achieve such
a challenging objective, selective and efficient catalysts are needed.[2]
Nanoparticles (NPs) are heterogeneous catalysts with high active surface area whose
performance can be tuned by means of surface functionalization (i.e. ligand-capping).[3] In the
present communication, the synthesis of metallic nanoparticles by means of the organometallic
approach is proposed as a way of obtaining tailored nanocatalysts. By the addition of molecular
stabilizers under mild reducing conditions, this method allows obtaining NPs of controlled size
and morphology.[4] Moreover, the stabilizers at the surface can have additional roles, such as the
harvesting of light or as anchoring points to affix the hybrids to conductive/semiconductive
supports.[5,6] In this regard, dyad systems, where the stabilizing agent is also a light harvesting
entity, are of particularly interest. They are composed of a molecular photosensitizer (PS) and an
electrocatalyst (NPs) which are at a close, fixed distance (Figure 1.a). Such a systems allow the
study and fine-tuning of the electron transfer properties between the PS and the NPs. In our
specific case the PSs used are ruthenium-bipyridine based molecular complexes. Additionally,
the molecular PS can serve as anchoring point to a semiconductor (Figure 1.b), improving charge
separation and diminishing charge recombination in photocatalysis.

Figure 1. Representation of the PS anchoring to a NP (a) and the PS anchoring to a
metal oxide semiconductor (b) through different functional groups.
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The interest in replacing traditional plastics is rising due to the pollution produced by the
large amount of plastic waste. Bioplastics appear as an environmentally friendly option because
they can be originated from renewable sources (biobased) and they can be also biodegradable.[1]
Poly-L-lactic acid (PLLA) is a well-known biobased and biodegradable polymer that can be
synthesized from L-lactide (LLA), a cyclic diester that can be produced from renewable feedstock,
by Ring-Opening Polymerization (ROP). Furthermore, PLLA may exhibit advanced properties
such as piezoelectricity through a well-designed synthesis and an adequate polymer processing
leading to the alignment of the dipoles present along the polymeric chain in form of C=O bonds.[2]
In order to prepare this kind of polymers, a good control over the ROP process is needed.
Metallic complexes exhibit a great capability to exert a high stereocontrol over the polymerization
to give isotactic polymers with high molecular weight and adequate polydispersity. Recently, in
our group we have developed potassium-based catalysts which are very active for the ROP of
cyclic esters.[3] The importance of using potassium is based on its non-toxicity, Earth-abundance
and biocompatibility that enable the use of the polymer obtained also in medical applications.
In this work, we have explored the influence of the use of crown ethers as ligands to tune
the coordination sphere of the catalyst and, thus, to achieve a better control of the LLA
polymerization. Specifically, a potassium oximate bearing a crown ether was synthesized and we
have investigated its influence in the activity and selectivity of the ROP process. Moreover, the
influence of the addition of benzyl alcohol (BnOH) as co-initiator on the molecular weight and
polydispersity have been studied. With the purpose of obtaining piezoelectric PLLA, the
synthesized polymers were processing by electrospinning method. Finally, thermal,
morphological and piezoelectric properties of the polymers and the produced nanofibers were
characterized.

Figure 1. ORTEP diagram of potassium complex.
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Nowadays, plastics play an invaluable part of our everyday lives and are as a result
applied on an enormous scale. Two main issues arise from excessive use of plastics; one being
the fact that traditional polymers, which form these plastics, are generally derived from petroleum
feedstocks (which are limited) and the other being that they are usually difficult to degrade and
recycle and thus remain in the environment long after the end of their useful life. Efforts are
therefore focused on solving these two issues, by searching for bio-based monomers and creating
more recyclable/biodegradable materials.[1]
In addition, the use of CO2 as a reagent is well established in organic synthesis, where it
is considered a highly attractive renewable C1 building-block.[2] In particular, the reaction of CO2
with high energy substrates, such as epoxides, under catalytic conditions to provide cyclic
carbonates has gained a lot of attention. Our group has recently shown that gallium catalysts can
be powerful mediators for this conversion.[3] In an attempt to apply these newly developed
catalysts further, most recently we have become interested in the synthesis of cyclic carbonates
from bio-derived feedstocks, using well established chemical transformations to realize the
epoxide starting materials. When di-cyclic carbonates have been synthesized we have applied
these in the synthesis of Non-Isocyanate PolyUrethanes (NIPUs), through the combination of
these di-cyclic carbonates with di-amines. In this contribution we present our latest advances in
the synthesis of bio-derived NIPUs, focusing on the design and use of novel monomers obtained
from renewable feedstocks.
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The production of cheap energy from renewable sources, like solar or wind energy, provides the
opportunity to use electrochemistry for the synthesis of chemical products in a cost-effective
manner[1]. The development of photoelectrochemical systems and electrolyzers to produce H2
from water has been the most studied process to store renewable energy and thus solve the
inherent problem of the source intermittency. Lately, the reduction of CO2 to energy-rich
chemicals (CO, formic acid, methane, etc.) is gaining increasing attention. However, none of
these routes has become competitive with conventional, but less environmentally friendly,
production methods yet. To overcome this gap, there are other alternative chemical routes, such
as the synthesis of products with added value for the chemical industry which may combine both
environmental and economic interests, despite being much less developed[2].
One chemical transformation of interest is the production of aniline by reduction of nitrobenzene,
as this species is widely employed as a building block to produce aniline-based dyes, explosives,
pesticides, and drugs. This 3-steps mechanism involves the insertion of 2e- and 2H+ species in
each of the hydrogenation steps of the NO2 group of the molecule.
Cu-based electrodes have efficiently been used for the electro-reduction of nitrobenzene in
aqueous media [3] due to their high energy of activation for the competing hydrogen evolution
reaction (HER)[4]. In this work, decoration of Cu foil surface with Pd by galvanic replacement
technique was used to improve the catalytic properties of this material. Compared with cooper,
palladium shows high activity for the hydrogenation of organic compounds, mainly due to their
affinity for the adsorption and storage of H* species.
Using Cu-Pd electrodes, we have observed an enhanced performance and selectivity, achieving
a complete reduction of nitrobenzene, obtaining aniline with 70% yield. Finally, a detailed analysis
using Impedance Spectroscopy has revealed the improvement in the catalytic performance of
Cu-Pd electrodes, by increasing the adsorption of hydrogen in the electrode surface, favouring
the selectivity in the reduction of nitrobenzene to aniline. In conclusion, the electroreduction of
nitrobenzene requires the formation (and stabilization) of H* in the electrode surface to reach an
effective reduction and hydrogenation. This requisite highlights the importance of developing
materials capable of producing H* in order to succeed in this electro-transformation.[5]
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One of the most promising technologies for green hydrogen production is acidic proton-exchange
membrane electrolyzers.[1] The major drawback of this technology, however, is that the anodic
oxygen evolution reaction is currently catalyzed with iridium, and the scarcity and high cost of this
transition metal make large scale energy storage via this method unattainable.[2] Iron is orders
of magnitude more abundant in the earths crust than any other transition metal, which makes
identifying tractable ligand design principles for Fe-based water evolving catalysts particularly
desirable (Fig. 1). Fillol et al. [3] have synthesized a family of some of the most active OER
catalysts with a mononuclear first-row transition metal center. Having explained activity and
inactivity within this family of complexes,[4] in this communication, I will present a method to
simulate degradation pathways for these complexes using density functional theory to rationalize
experimental mass spectrometry data of ligand degradation products.[5] Integrating this picture
can be shown to lead to quantitative correlates of the total turnovers for known experimental
catalysts. Finally, I will present the results of applying these principles to a set of catalysts using
ligand frameworks predicted to be resistant to oxidation.

Figure 1. Outline of creation of ligand design principles for Fe-based catalyst discovery.
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Low-valent early transition metals (LVETM) have shown great promise in synthesis as catalysts
for different chemical transformations such as C-C, C-O and C-N bond formation, via reductive
coupling of unsaturated organic molecules. [1,2] In line with their strong reductant nature, LVETM
are difficult to synthesize and to handle. Typically, they are stabilized by π accepting ligands,
being cyclopentadienyl derivatives predominant ligands in this field.[3] Recent advances point to
the use of more tuneable ligands such as amidinates, guanidinates or PNP species to take full
advantage of the catalytic potential of these metal compounds.[3]
Herein, we report the synthesis of titanium compounds in a variety of oxidation states ranging
from I to III, stabilized by ortho-phenylenediamine (PDA) ligands. These compounds proved to be
highly active in catalytic cyclotrimerization of alkynes, affording selectively a variety of symmetric
1,3,5-trisusbtituted arene derivatives in excellent yields.
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It is well known that CO2 is considered a greenhouse gas, which, In the last decades, its emissions
have increased dramatically and have become a problem for our society and our planet. This
situation has been led in most of the cases by the misuse of non-renewable and fossil sources.
These emissions are directly related to global warming and climate change, so the necessity to
start researching in a substitution of the actual energy sources by others much more sustainable
emerged and has now become not only an important field, but also necessary to fulfill the needs
of people and moreover the needs of a damaged planet.[1]
Indeed, incoming investigations in the field of sustainable bioeconomy are beginning to take these
problems into account and trying to solve them. A factor that plays a role here is biomass waste,
which are often burned out with many different purposes such as obtain energy or just because
nobody knew how to take advantage of these residues, so the CO2 that had been removed from
the atmosphere in several years, is freed in just a moment. Biomass wastes are often obtained in
agriculture, between which cellulosic and lignocellulosic residues can be distinguished. Under
thermal treatment, it is obtained 5-hydroximethylfurfural (HMF) among others. This highly
versatile molecule, considered as a bio-block, is the monomer used for the elaboration of a wide
range of polymers such as PET.
In this project, it was studied the catalyzed oxidation of HMF to its maximum oxidation state, 2,5furandicarboxilyc acid (FDCA) and its other oxidation products with Ruthenium catalyzers
supported by different metallic oxides and Carbon in mild conditions (H2O2 as oxidant,
atmospheric pressure, and water as solvent), including the study of the catalyzers used. [2]

The purpose is to optimize a robust reaction, studying the yields toward FDCA and the rest of the
oxidation products, the effectivity of each catalyzer and the recyclability of them to make the
process a step closer to the change.
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Alkenes are fundamental chemicals in industry for the large-scale production of a wide
variety of products such as detergents, polymers, soaps, lubricants, cosmetics and fragrances.[1]
However, internal alkenes are generally much more expensive than their corresponding terminal
alkenes, which limits their subsequent transformations.
The isomerization of terminal alkenes is the most direct way to synthesize internal alkenes
and simply consists in the migration of the double bond along the chain.[2] However, the reported
methods for this reaction generally use metal loadings, ligands, additional additives or solvents,
which makes them neither environmentally friendly nor industrially viable.[3-6] In addition, branched
alkene products are usually obtained, which are unacceptable for many applications.[7]
In this contribution, we report a regioselective migration methodology to convert a variety
of terminal alkenes to internal alkenes with excellent yields (˃95%) when part-per-million amounts
of different ruthenium sources are used as a catalyst at temperatures between 150 and 200 ºC
under solventless conditions. In addition, the extreme activity of the Ru catalyst, generated in-situ
under reaction conditions, has made possible to obtain industrial fragrance precursors at a
kilogram scale with a dramatic decrease in the production costs. We will also show that
mechanistic studies indicate that the catalytically active Ru species are in-situ formed per-alkene
Ru species.

Figure 1. General isomerization reaction of terminal alkenes.
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From the simpler to the more sophisticated example, any catalytic support is an extended
surface with, potential energy wells, diffusion limitations and undesired adsorption sites, and
these drawbacks are not generally addressed but simply assumed.[1] Such is the case of the
Lindlar catalyst (Pd–Pb nanoparticles supported on calcium carbonate), the catalyst of choice in
the fine chemical, pharma and natural products synthesis for the semi–hydrogenation of alkynes
to cis–alkenes. It is generally accepted that Pd atoms act as the main catalytic site, dissociating
H2 while activating the alkyne, whereas Pb acts as an alloying agent to prevent excessive Pd
agglomeration and the subsequent sub–surface hydride formation, which is highly detrimental for
the selectivity of the reaction. We considered the minimum catalytic unit of the Lindlar catalyst to
be a single or few Pd atoms with its surrounding calcium carbonate [(CaCO3)n], and envisioned
that if such a sub–nanometric chemical entity could be prepared,[2] all the (toxic) additives of the
solid catalyst would be avoided, and the catalytic site could be more available for hindered internal
alkynes.
The minimum catalytic unit of the Lindlar catalyst, is here prepared in solution or
supported on alumina (Figure 1), to catalyze the selective semi-hydrogenation of internal alkynes
at higher rates than terminal alkynes[3]. Mechanistic studies show that this observed trend in
reactivity, i.e. internal alkynes more reactive than terminal alkynes, comes in part from the higher
electrophilicity of the Pd–(CaCO3)n cluster compared to the nanoparticulated Lindlar catalyst, and
the higher accessibility to the active site compared to the commercially available, functionalized
colloidal Pd nanoparticles, which unveils the advantages of isolating the minimum catalytic unit
of a solid catalyst. The translation of solid active sites into soluble catalysts constitutes a
paradigmatic shift in catalyst design by turning around the classical approach.
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Figure 1: Conceptual scheme of the minimum catalytic unit of the Lindlar catalyst.
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Mechanochemistry deals with chemical and physicochemical transformation of substances
in any aggregation state, due to the effect of mechanical energy[1]. Importantly, mixing efficiency,
heat transfer, interfacial mass transfer and the possibility of distributed production using modular
systems are among various advantages flow synthesis can offer as compared to traditional batch
processes[2], largely significant if coupled with mechanochemical syntheses.
Metal-Organic Frameworks (MOFs) are one of the most prominent and emerging porous
crystalline materials composed of inorganic clusters linked by organic ligands[3]. In the last
decades, the field of these nanomaterials has drastically grown since they are attractive
candidates for several industrially relevant tasks including alternative energy and sustainability
applications[4]. This fascinating class of porous coordination polymers offers a unique chemical
versatility combined with tunable structures and unprecedentedly large and excellent porous
functionalities[5].
This contribution has been aimed to explore alternative synthesis of metal-organic
frameworks in a semi-continuous flow mechanoreactor, their characterization and test their
catalytic activity in different biomass valorization reactions. The results are then compared to the
ones widely reported in literature[6-8] in which traditional ball milling is used, offering an interesting
and alternatively competitive mechanosynthesis strategy.

Figure 1-Simple schematic representation of MOFs mechanosynthesis.
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Enzymes are catalysts of chemical processes that occur in living beings. Their effectiveness
is unquestionable: they work with very low catalytic amounts and high selectivity. However,
enzymes are scarce, difficult to purify and structurally very complex, therefore they are not
commonly used in synthetic processes. Organocatalysts mimic the catalytic activity of enzymes.
One of the challenges of organocatalysis is the recovery of the catalyst, a problem that could be
solved by running the reactions in heterogeneous media. The catalyst should then be attached to
a solid support, allowing for simple recovery through filtration after reaction completion.
Previously, our group synthesized two complementary catalysts, which displayed excellent
catalytic activity in solution, even below 1 mol% of catalytic load.[1,2]
Considering previous works, we decided that the best solid support could be polystyrene resin
cross-linked with 1 % DVB (PS). In order to anchor organocatalysts on the PS we used “Click
Chemistry” between a propargyl ether in the C4 position of the proline and the
azidomethylpolystyrene. These immobilized organocatalysts proved to be efficient for conjugate
addition reactions of aldehydes to β-nitrosytyrenes and could be reused up to several times
without significant loss of enantioselectivity. Nevertheless, in this work we lead modifications on
the organocatalyst and the linker to improve its catalytic activity and recycling.[3]
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Metalorganic frameworks (MOFs) are a class of crystalline hybrid materials resulting from
the assembly of metal centers and organic linkers to form a porous framework. Among their
possible applications, MOFs have been studied as catalysts due to the high surface area, the
accessible pores and the metal center provide an exceptional environment to facilitate catalytic
reactions1.
Four MOFs have been obtained based on the organic ligand 2,2′-biquinoline-4,4′dicarboxylic acid and different metals, Sr (II), Y (III), Ba (II) and Cd (II), using solvothermal
conditions. In their structural characterization by single-crystal X-ray diffraction, we appreciate
that some of the compounds have a 3D distribution with a potentially accessible porosity. The
thermal stability of the compounds was tested by thermogravimetric analysis, the compounds
show being stable until above 400 ºC.
The catalytic activity of the synthesized compounds was tested performing cyanosililation
reactions (Fig. 1) in solvent-free conditions and room temperature. Cyanosilylation is a type of
reaction quite used to obtain cyanohydrins, intermediate products of many organic compounds2.
The preliminary results show that the compounds have a potential application as catalyst
in green chemistry due to no dissolvents and heat supply were required for the total conversion
of many of the reactants tested.

Figure 1. Schematic representation of the cyanosilylation of aldehydes (X=H) and ketones
(X=CH3) using Barium MOF as catalyst.
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Chiral nitrogen-containing compounds are interesting building blocks in organic synthesis,
as this moiety is present in natural products and drugs [1]. Among them, chiral α,α-disubstituted
amino carbonyl compounds are particularly attractive because they can be converted into
optically active non-natural α,α-disubstituted amino acids [2], intermediates in the synthesis of
pharmaceuticals and biologically active molecules [3]. An appropriate methodology to generate
enantioenriched α,α-disubstituted amino carbonyls is the organocatalytic enantioselective αamination of α-substituted aldehydes [4].
Herein, we describe the use of a simple chiral carbamate-monoprotected cyclohexane-1,2diamine [5] as organocatalyst in the solvent-free conjugate addition of α-substituted aldehydes to
azodicarboxylates, an example being shown in the scheme. In addition, theoretical calculations
have been carried out to justify the absolute configuration of the obtained enantioenriched
adducts.
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Environmental catalysis plays a key role in the environment sustainability and protection being
one of its most relevant contribution the by-product upgrade into useful chemicals: the selective
oxidation of CO, dry reforming of methane or the valorization of glycerol, etc. are ones of the possible
routes to recover some of these by-products. The most common catalysts employed to accomplish
these transformations are Pd, Au and their combinations and is well known that the activity and
selectivity of the catalyst is not only influenced by the metal particle size but also by the support-active
phase interaction. Besides, both parameters are highly affected by the method of synthesis, which
somehow determine the nature of the forces that bind the metal to the support.
In this communication we present a new synthesis method based in; (i) the use of a multidentate
chelate ligand (Figure 1A) able to form mono and binuclear Pd(II) complexes stables in aqueous
solution and (ii) the thermodynamic control of the precursor solution[1] (Figure 1B). This new
methodology combined with the classical impregnation method has been used to prepare highly
dispersed Pd catalysts supported on MgO (Figure 1C).

A

B
C
Figure 1. (A) Structure of the polyaminic ligand used to complex Pd(II), (B) Species
Distribution Diagrams for the mono and binuclear system and (C) HR-HAADF image of a Pd
catalyst supported over MgO

The potentiometric study conducted over the L/M system (1/1 and 1/2 molar ratio) in aqueous
solution has been used in order to stablish the stability constants of the different metallic species and
they were used to build the Species Distribution Diagrams (Figure 1B). This Diagrams were used to
stablish the pH which assure the presence of the desired Pd(II) species in the impregnation solution.
This allowed us to tune the charge of the metallic precursor and the support in order to favor
electrostatic interactions between them.
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Photoredox catalysis has recently obtained increasing attention as a sustainable means for
organic chemists, enabling the formation of suitable radical species through electron- or energy
transfer.[1] Specifically, the merger of photoredox and metal-assisted catalytic cycles has rapidly
gained popularity as an efficient and environmentally friendly strategy to open the way to new
reaction pathways, especially those able to generate highly reactive nucleophilic species.[2]
Recently, our attention has been focused on different classes of organic dyes, showing
peculiar photophysical properties that can be exploited to trigger photoredox cycles in specific
conditions. Firstly, isophthalonitrile derivatives – an easily prepared class of organic dyes – have
been studied in detail due to their long-lasting excited state, originating from a thermal-activated
delayed fluorescence (TADF) deactivation. Secondly, cationic diaza[4]helicenes have been taken
into account due to the combination of their low energy-lying absorption spectrum and tailored
redox potentials at the excited state.
The analysis of photo-induced electon transfer kinetics in the presence of such
chromophores and suitable metal complexes guided us in the design of C-C bond formation
reactions, namely i) allylation,[3-4] ii) propargylation[5] and iii) the pinacol coupling of aldehydes,[6]
which require benign TiIV or BiIII species in catalytic concentration to operate. These reactions
occur upon visible-light excitation in the presence of cheap and widely available sacrificial agents,
without the use of toxic and expensive metal species. Moreover, the stereocontrolled versions of
the same reactions,[6-7] in the presence of either chiral NiII complexes or Ti(salen) metal catalysts,
has been developed to obtain excellent enantioselectivities.
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Lindane (γ-1,2,3,4,5,6-hexachlorocyclohexane, -HCH), which was used as pesticide in the XX
century1 has become an important environmental problem since during its production, besides
the gamma stereoisomer, different HCH stereoisomers and other chlorinated compounds were
produced (85-92% wt.). All this waste was disposed of in landfills over different countries of
European Union,2 assuming a risk for human health and the environment.3
Our research project includes the study of different transformations of concentrated residues of
the different isomers of HCH to obtain useful products with a higher added value in a sustainable
way. One of the studied reactions is the dehydrochlorination of the HCH (figure 1) with bases in
order to obtain a mixture of trichlorobenzenes (TCB)4,5 which, subsequently, would be
transformed in different products.
In this study of the dehydrodechlorination reaction, bases of different nature were used, playing
also with their solubility in different solvents and at different temperatures. An important effect of
the solvent and the strength and solubility of the base was observed, affecting reaction rate and
yield, It has been possible to optimize the procedure described in the literature4,5 using NaOH.
Total conversions in short times have been reached optimizing the different parameters of the
reaction. Reactions with real samples from the production waste have been also tested in order
to check the applicability of the developed strategy.

Figure 1. Basic dehydrochlorination of HCH.
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The synergic combination of biocatalysts with ionic liquids (ILs) and ILs-based materials has been
shown as an efficient tool for developing (multi)catalytic green and clean chemical processes green
processes, even solvent-free systems, because the best solvent for chemical reactions is no solvent
[1,2], being able to directly provide pure products. This has been successfully demonstrated by several
examples of green synthetic processes in sponge-like ILs, (e.g. flavours [3], omega-3 monoglycerides
[4], etc.).
As a first representative example of technological
solutions for CO2 capture, and its conversion into addedvalue products, a sustainable chemo-enzymatic process
for producing both glycerol carbonate acrylate (GCA) and
glycerol carbonate methacrylate (GCMA), has been
carried out. Both compounds are useful monomers for
preparation of biodegradable plastic materials, and they
have been prepared from vinyl (meth)acrylate, glycidol
and CO2, by using CALB immobilized onto a supported
ionic liquid-like phase (SILLP) (containing covalently
attached 1-decyl-2-methylimidazolium moieties) in a
solvent-free system and under mild conditions (60 ºC, 110 bar) in one-pot system. The CALB-SILLP works as a
Fig. 1. Schema of the one-pot chemodual system able to catalyse firstly the transesterification
enzymatic synthesis of GCA under solvent-free
reaction with glycidol, and secondly the cycloaddition of
conditions.
CO2 to the epoxide ring, leading to up to 100 % GCA or
GCMA yield after 6 h (Fig. 1).[5]
As alternative examples, biocatalytic transformations between solid substrates under solvent-free
conditions were also carried out by means of the irradiation-assistance or the Deep Eutectic Solvent
Technology. The excellent results obtained for the enzymatic synthesis of amphipathic esters (i.e.
panthenyl laurate [6], xlylityl laurate [7] etc.) by direct esterification of each polyol (i.e. panthenol or
xylitol) with free fatty acids and under the absence of any solvent will also be presented in this
contribution (e.g. up to 95% xylityl monolaurate yield after 90 min at 40 ºC under ultrasound assistance.
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One of the most valuable contributions of Catalysis to sustainability and preservation of the
environment is the catalytic mitigation of carbon and other pollutant emissions. In this research
area the oxidation of CO must be highlighted as one of the most efficient way to reduce its high
levels in the atmosphere what represents a serious health and environmental issue. In this
scenario supported gold catalysts are known to be very active for low temperature CO oxidation
and a great interest is centered not only in optimizing its use but also in improving its catalytic
activity. In this sense two factors must be mentioned, the dispersion and the stability towards the
sintering of the metallic nanoparticles.
In this communication we will present how the use of a polyaminic coordination complex of
Au(III) as precursor in combination with its potentiometric study in aqueous solution could provide
us with a useful tool for controlling the speciation of the impregnation solution. In this study, using
a tridentate ligand (Diethylenetriamine) to complex Au(III) and using the Species Distribution
Diagram (Figure 1) we tune the coordination environment of the metal center.[1] This is crucial in
the preparation of gold supported catalysts because is well known that the presence of chloride
ions promote the sintering of gold nanoparticles.
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Figure 1. Specie distribution diagram of [Au(Dien)Cl]Cl2 in aqueous solution.
A solution of [Au(Dien)Cl]Cl2 at pH 12 was used to synthetize supported gold catalysts
over three different supports with gold loadings close to 0.5%. These catalysts were pre-treated
in (5%)O2/He at 400ºC, to decompose the organic ligand and tested in CO oxidation reaction.
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N-Heterocyclic carbene-catalysed radical transformations have emerged as an elegant tool
for the synthesis of organic molecules.[1] Although still in its infancy, the field is rapidly growing,
therefore welcoming an increasing number of research groups to its domains. Many of their
contributions propose the formal formation and cross-coupling of radicals. Thus, in those reports
in which aldehydes are key substrates, it is broadly accepted that carbenes react with them to
form the so-called Breslow intermediate AH. In most transformations, these intermediates were
supposed to transfer an electron to a substrate S; however, electrochemical studies performed in
our laboratory employing model carbenes overthrew this hypothesis, suggesting that enolate Ais a stronger and more suitable reducing agent.[2]
In the work presented herein, we employ actual organocatalysts (NHCs such as
thiazolylidenes and triazolylidenes) for the determination of the redox potentials of key
intermediates in radical NHC-catalysis. The isolation of key species and the electrochemical study
of a broad family of compounds have allowed us to revise and update the electrochemical data
towards a better mechanistic understanding.[3]
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Rationalizing the use of Critical Raw Materials is essential for a social and economic development.
Among these materials, we could highlight the nickel because even though its natural abundance
is so extensively employed that is classified as of extremely high economic and technological
value. One of the uses of nickel in environmental catalysis is the catalytic valorization of methane
where high metallic loadings are frequently employed due to the ability of nickel to sintering.
Therefore, it is clear that using this element more efficiently and increasing its stability under
working is crucial.
In this communication, we show a new preparative methodology not only to optimize the usage
of this metal but also to improve the performance of the catalyst in relevant processes such as
Dry Reforming of Methane (DRM). This method is based on the use of coordination complexes
as metallic precursor and the thermodynamic control of its solution.[1] Specifically, we have
selected a coordination complex with Diethylentriamine (Tren) as ligand which is able to form
stable nickel species over a wide range of pH. Moreover, a common nickel precursor (Ni(NO3)2)
was used to test the advantage of using this kind of molecular precursor. Both nickel precursors
were supported on ZrO2 with metal loadings of 1% using the speciation-controlled incipient
wetness impregnation method. They were characterized structurally and chemically and tested in
the DRM reaction after being calcinated at 450ºC to decompose the precursors.
We will show the improvements in the catalyst prepared using the molecular precursor where the
metal presented not only higher dispersion but also better catalytic activity than the one
synthetized using the common nickel salt. The advantage of the use of the species distribution
diagrams will be also presented.

Figure 1. XEDS elemental maps of 1% Ni catalysts supported over ZrO2 using [Ni(tren)]2+
(on left hand-side) and [Ni(H2O)6]2+ (on the right hand-side) as metallic precursor under
thermodynamic control
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In the last few decades, a new family of synthetic porous materials emerged, known as
metal-organic frameworks (MOFs). The name was given by Yaghi and col. in 1995. These new
materials came out as a bridge between organic and inorganic coordination chemistry. [1,2]
MOFs could be defined as periodic network structures formed by the connection of
coordinated covalent bonds between organic ligands containing oxygen or nitrogen and metal
ions (or groups of metal ions). [3] A wide range of studies have been found for several applications
of MOFs such as gas separation and purification, heterogeneous catalysis or biomedical
applications. [4]
Biomass is a promising raw material of renewable origin which is generated as a by-product
in many processes related to agri-food industry. [5] Owing to the great potential of lignocellulosic
biomass, it is used to obtain biofuels, high added-value compounds and energy. [5,6] This work
was aimed to the design of Ti/Fe bimetallic MOFs for biomass-derived furanics conversion,
employing furfural as a reagent to obtain furfuryl alcohol and using 2-propanol as a solvent and
hydrogen donor. The reaction was carried out in a continuous flow reactor and in a microwave
reactor with successful results, obtaining conversions over 80% with a selectivity of 95%. Scheme
1 illustrates the overall process.

furfuryl alcohol
Scheme 1: Furfural to furfuryl alcohol, reaction’s condition.
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Transition-metal catalyzed C-H bond activation has proven to be a powerful synthethic
methodology to access to polycyclic aromatic hydrocarbons (PAH’s) from readily available
starting materials.1 Recently, we have described the synthesis of a novel class of N-doped
cationic PAH’s bearing the benzo[c,d]fluoranthene scaffold by Rh(III)-catalyzed double oxidative
annulation of 2-arylbenzimidazoles with alkynes.2 Ullazines, aza-cyclopenta[c,d]phenalenes,
possess a conjugated aromatic 16 electron π-system isoelectronic with pyrene and, therefore,
become useful building blocks for organic materials with important applications in dye-sensitized
solar cells (Figure 1).3

Figure 1. Ullazine-based Organic Photosensitizers
We herein report the exploration of a new synthetic route to Ullazines by Rh(III)-catalyzed double
C-H/C-H activation (oxidative annulation) between 1-arylpyrroles and alkynes (Scheme 1).

Scheme 1. Rh-catalyzed route to Ullazines
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UNRAVELING THE POTENTIAL OF FURFURAL TOWARDS 1,5PENTANEDIOL THROUGH Co-SPINEL NANOPARTICLES AS AN
ALTERNATIVE TO NOBLE METAL CATALYSTS
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Biomass is claimed to replace petrochemical feedstock not only for energetic purposes, also as
a source of chemical products. Among them, furfural (FA) is one of the few which nowadays is
only produced from agricultural sources (280 kTon/year). From FA hydrogenation it can be
produced furfuryl alcohol (FFA) and tetrahydrofurfuryl alcohol (THFA), while hydrogenolysis can
produce a wide range of straight chain products. Among them, 1,2-pentanediol (1,2-PeD) and
1,5-pentanediol (1,5-PeD) are particularly interesting for its usage as monomers and resins.
These diols have been prepared from THFA as well as from FA [1,2] in good yields employing Pd
or Ir noble metals [3]. However, despite its high selectivity, it is desirable to find a cost-effective
and sustainable alternative to noble metal.
Co supported on mesoporous material has been used for hydrogenation of FA to FFA [4]. Our
interest was focused on pushing further FA hydrogenation to the formation of diols, for which we
have studied the behaviour of a CoAl-spinel based catalyst prepared by flame-spray pyrolysis [5].
This material was able to achieve a 30 % yield of 1,5-PeD from FA (one pot) if the reaction
conditions and catalyst reduction temperature are properly selected, results comparable or even
improved to those reported with noble metal-based catalysts [1-3]. The activity towards the
hydrogenation/hydrogenolysis of FA was attributed to the surface acidity and growth of metallic
surface Co nanoparticles segregated during reduction from the Co−Al spinel NP structure. The
formation of these Co NP strongly depended on the reduction temperature and have proved to
be essential to promote the FFA hydrogenolysis. Thus, the reaction points to a bifunctional
mechanism where the surface acid and metallic sites are involved, and their distribution must be
optimal for increasing 1,5-PeD yield.
This finding is an important step for the design of new materials more stable and cheaper not only
to produce pentanediols from FA, but also for the selective production of FFA since these
catalysts have proved to be stable for the FFA production and no metal leaching was detected.
This fact suggests a strong metal-support interaction, revealing improved features compared to
other Co-based catalysts for aqueous phase conversion of biomass, hence presenting an
appealing alternative to noble metal catalysts.
References
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Fatty acids are an important and valuable bio-derived feedstock due to their wide versatility,
whereby they have found many applications, such as, in biodiesel, plastics, lubricants and as
additives. Erucic acid, a monounsaturated omega-9 fatty acid, which is mainly found in the seeds
of Brassicaceae and therefore the resulting oils derived from these (e.g. rapeseed oil and mustard
seed oil), is toxic when it overcomes a tolerable daily intake of 7 mg/kg body weight. As a result,
only the canola oil, with a low erucic acid content <1-2%, is available for human consumption and
animal feeding. The non-food cultivars, with high erucic acid content 30-50%, are however still
grown as a result of demand from the oleochemical industry.[1] Thus, the upcycling of erucic acid,
which can be readily extracted from theses oils, and would be considered as waste, represents a
bi-directional opportunity. Firstly, the non-food oils would be safe for human consumption, adding
value to the products, whilst secondly, the realization of bio-derived chemical products is a
potentially important contribution to the challenge of developing sustainably derived chemicals.
One reported use of fatty acids as bio-based sources is the preparation of cyclic carbonates
(CCs).[2] These are commonly obtained from the epoxidation of unsaturation in the aliphatic chains
and subsequent reaction with carbon dioxide (CO2). An important opportunity for the use of diCCs is their reaction with diamines to form valuable Non-Isocyanate PolyUrethanes (NIPUs),
which offers an alternative to traditional polyurethanes which use toxic isocyanates. In this
contribution we will describe the application of our recently developed highly-efficient catalytic
system based on Ga for the synthesis of CCs[3] towards epoxides derived from erucic acid and
the conversion of the resulting di-CC monomers into NIPUs through the reaction with diamines.
In addition, optimized multigram regio- and stereoselective challenges of the CC synthesis will be
detailed.
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Among n-type semiconductors, Bismuth vanadate (BiVO4) has emerged as the most
promising material as photoanode for water oxidation due to its moderate band gap (2.4eV),
adequate band positions, low-cost, stability in aqueous medium and efficient performance.[1] In
this regard, our group designed and studied different methodologies for the preparation of this
type of photoelectrodes.[2] However, the large-scale synthesis of this material is still limited to the
use of conventional batch processes, and it is necessary to achieve high-production yields due
to the increasing demand in the field of energy materials. Since the automatization of this process
has significant advantages with respect to cost, safety and more precise control of the physical
and chemical properties, the emergence of continuous flow technology offers an alternative
choice for preparing inorganic nanoparticles.[3]
In this communication we show the preparation of BiVO4 nanoparticles using a simple
microreactor based on two liquid peristaltic pumps (Figure 1). The proposed system allows to upscale the synthesis through the continuous flux process and contributes to the possible production
of large-scale photoelectrodes. Preliminary morphologic studies as well as photoelectrochemical
characterization of the obtained material are currently underway in our laboratory.

Figure 1. Schematic representation of the microreactor used for the synthesis of the BiVO4 for the
preparation of photoanodes for solar water splitting.
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Nowadays, the production of energy by renewable resources is a great challenge in the
scientific community. The global contamination due the use of hydrocarbon sources is a wellknown major problem. For this reason, the development of new technologies, such as
(photo)electrochemistry, that guarantee the obtention of high amounts of energy with low
contamination are an urgent necessity. The reactions most studied in (photo)electrochemistry are
water splitting and CO2 reduction.[1] However, these reactions still lack economic viability due to
the high energy consumption and relatively low energy conversion efficiency from an industrial
point of view. To avoid this inconvenient and to produce energy at the same time, the oxidation
reaction can be used to obtain added-value compounds such as furanoic derivatives. Among the
furanoic derivatives, furfural and HMF (5-hydroxymethylfurfural); are gaining popularity as biosource alternatives for the production of resins, solvents, pharmaceuticals, liquid transportation
fuels and fine chemicals.[2]
The oxidation product of HMF, known as FDCA (2,5-furandicarboxylic acid) is a useful
building block, and constitutes a very important component in the pharmaceutical and polymer
industry, since it can replace the monomers traditionally used in the synthesis of ethylene
terephthalate (PET).[3] On the other hand, the product of the reduction of HMF, BHMF (2,5bis(hydroxymethyl)furan), can be used as a precursor for the synthesis of many bio-based
polymers, including polyurethanes, polyethers, and polyamides.
In this work, we have used nickel-oxide electrodes electrodeposited on graphite (pencil
rod), for the oxidation of HMF. These electrodes combine the high porosity of the pencil rods and
the catalytic activity of the redox pair Ni2+/Ni3+ or (Ni(OH)2/Ni(OOH•)) formed by an applied
potential in the reaction media. These electrodes have been used previously electrodeposited on
FTO glass for the oxidation of HMF showing the great versatility of the Ni2+/Ni3+ pair.[4]
Here we have obtained a 98% conversion of HMF into product and a yield of 75.9% of
FDCA with a Faradaic Efficiency of 61.8% in 1 M LiOH with the Ni/pencil rod electrodes. We
proposed a study with Electrochemical Impedance Spectroscopy (EIS) of the electrodes to see
the process that occurs in the electrochemical oxidation of HMF.
References
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Clear advantages exist in terms of selectivity and mechanistic understanding for using
molecular catalysts in the activation of small molecules for energy-relevant transformations.
However, on the road to applications for molecular catalysts, a necessary step is their
heterogenization in solid support structures. With very high internal surface areas and excellent
chemical stability, Metal-organic frameworks (MOFs) are becoming popular heterogeneous
support matrices in which discrete molecular catalysts can be incorporated. One effect of the
heterogenization of molecular catalysts within a finite 3D porous structure is that
reactants/substrates and possibly even electrons/holes must be transported through the MOF
particles as the reaction proceeds.[1] The catalytic reaction can then take place within the bulk of
the material or in a thin layer near the surface of the particles if transport limitations interfere.
One challenge for analyzing the mechanism of MOF-based molecular catalysis is the lack
of detailed kinetic models for multi-step, multi-electron reaction-diffusion processes, which are of
current interest in the production of renewable fuels (water-oxidation, CO2 reduction, hydrogen
evolution). Utilizing the four-electron oxygen evolution reaction driven by a chemical oxidant as
an example mechanism, herein we present a quantitative kinetic model[2] to diagnose this coupled
and non-linear reaction mechanism, including intraparticle mass and charge transport. This allows
us to provide answers to the questions: Where does a given catalytic reaction spatially occur
within a MOF particle? And, what fraction of incorporated molecular catalysts within the framework
participate in the reaction? Assigning either bulk or surface reactivity over a wide range of
conditions is possible using simple quantitative metrics and kinetic zone diagrams. Additionally,
the influence of surface reactivity or transport limitations on measured turnover frequencies
(TOFs) will be discussed. We find that when measured under conditions where surface reactivity
persists, apparent TOFs deviate from the true activity of the molecular catalyst. Finally, we identify
which operational parameters to modify in order to transition from surface to bulk reactivity and
best optimize MOF-based molecular catalysis of multi-step reactions.
References
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When we consult the Spanish Chemistry curricula at school and university levels, little
about the applicability of this subject is developed. Chemistry is taught in discrete chunks of facts,
often disconnected. This occurs not only in Spain. The Royal Society of Chemistry[1] in UK and
the American Chemical Society[2] in USA developed two learning projects based on context- and
problem-based learning to address this issue. Those projects treat to emphasized ideas as
applied to real-word scenarios, making it more relevant to students.
With this idea arises the inter-university project Science-IES[3], where the University of Jaén
takes part. This novel project tries to stimulate the curiosity and creativity of high-capacity students
at Secondary Education Institutes (IES), in the 4th year of ESO and 1st year of Baccalaureate,
through small research projects related to the study and the research carried out in Andalusian
universities. A line of action in the year 2020 dealt with the introduction to the Spectroscopy, a
research field that is the project researchers’ area of expertise. In the development of this one
and the design of activities, context- and problem-based learning have been applied. Its main
objective is to introduce the students to some of the spectroscopic techniques that are used when
analyzing any chemical system, what they consist of and the information to be drawn from them.
Next, this information is applied to study the composition of a bulb and the monitoring of a specific
chemical reaction. The students have access to the basic material in a chemical laboratory and
to the specific devices for obtaining atomic and molecular spectra. They are also able to use
public databases available on the Internet.
Three work sessions were designed: (a) Session 1, Introduction to Spectroscopy, where
students are introduced to this discipline by watching popular science videos on YouTube open
platform, so that they can subsequently answer a series of questions related to this topic; (b)
Session 2, Atomic Spectroscopy and its application to the chemical composition of a low-energy
bulb; and (c) Session 3, Molecular Spectroscopy and its application to the study of an acid-base
reaction.
With this project, students have been able to both develop the ability to handle basic
chemical laboratory instruments and, at the same time, increase their scientific knowledge so that
they can fully develop their potential in an inclusive context and to identify with research-based
professions.
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The project-based learning (PjBL) methodological strategy has been implemented to
address the practical part of several Analytical Chemistry subjects, with the aim of generating
more effective learning, motivating students, boosting their creativity and critical analysis, and
promoting collaborative work. PjBL can add value to subjects with an experimental nature, as it
provides an interesting context for practical work and encourages students to: formulate
questions; discuss ideas; define their objectives; choose the samples to be analyzed and the
analytical tool to be used to solve the problem; design and plan their experiments; generate,
collect and analyze data; draw conclusions; communicate their results; and identify possible
improvements.
In this case, the path that we followed was defined by different stages. First, (1) the working
topic was chosen and the "driving question" was posed: What are the bioactive compounds that
are found in the olive leaf at the highest levels? After that, (2) teams were formed (between 5-8
students), and (3) the final product to be achieved and the priority learning objectives were
defined. The different groups (4) started the planning, time allocation and assigned different roles
to the team members, and then (5) started the literature search and in-depth study. They had to
gather information about the importance of olive leaves as a by-product of the olive oil industry,
their composition (bioactive compounds), the different varieties of olive tree, which are the most
common, etc. Being an Analytical Chemistry subject, it was essential to find out how the bioactive
compounds are extracted from the olive leaf and which analytical tools can be used to determine
them, as well as the advantages and disadvantages of each one. At this point, it was essential to
discuss with all the members of the team and the lecturer the approach to the practical sessions
and the samples to be considered, the sample treatment to be carried out, the analytical technique
to be used, the laboratory material (instruments and reagents) to be employed, etc.
The key stages of the project were (6) the execution of the entire practical work (extraction
of the samples, establishment of the LC-MS conditions to be used, evaluation of the necessary
analytical parameters, and injection of the samples into the system), generating the experimental
results, and (7) the thorough study of the data obtained and their critical evaluation. This led to
(8) the presentation of the "final product", i.e. the justified report that led the team to be able to
answer the initial question. It is essential, at this juncture, to disseminate the results, so that the
team members can share their experiences and proudly show all the work they have done. The
last element of this whole cycle is (9) the final evaluation and reflection, which should consider
not only the final product, but the whole work process, including self-evaluation, co-evaluation
and hetero-evaluation. It will be paramount to identify what could have been done differently and
to formulate recommendations for improvement.
In this communication, details of the whole process will be presented, with particular
attention to the Analytical Chemistry aspects and the care given to the different parts of the
analytical process.
The experiences shared by the different lecturers presenting this contribution, following this
PjBL approach, have been very satisfactory. In our opinion, this type of initiative enables learners
to develop higher level cognitive tasks, to reach a deeper understanding of the subject matter and
to develop their intellectual potential to its maximum.
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Carbon dioxide (CO2) is one of the main gases that cause the greenhouse effect, whose
contribution to climate change is a major current concern for society, due to the progressive
increase in its concentration in the atmosphere derived from anthropogenic emissions. It is also
an important marker of indoor air quality when it is conditioned almost exclusively by occupant
breathing [1].
According to Decree 98/2016, which establishes the ESO and High School curriculum in
Extremadura, the subject of Physics and Chemistry should provide ESO students with knowledge
about the impact of some compounds and chemical reactions on the environment and health. We
propose two experiments about the interpretation of a real problem (air pollution) from theoretical
contents taught in class, facilitating the learning process [2].
The first experiment consists of simulating on a small scale the process of ocean
acidification by solubilization of CO2, as a consequence of the increase of atmospheric CO2 levels,
affecting the growth of mollusks and/or corals [3]. A stream of gaseous CO2 (generated by the
addition of vinegar on a certain amount of sodium hydrogen carbonate) is passed through a
diluted sodium hydroxide (NaOH) solution containing phenolphthalein (pink solution). The
discoloration of the solution by the drop in pH allows students to experimentally discover the
acidification process and predict the effects of CO2 emissions on water bodies.
The second experiment focuses on the production of CO2 from human respiration in
confined spaces. A low-cost infrared analyzer is deposited inside a closed box to measure the
concentration of CO2. A student exhales through a valve, observing on the sensor that the CO2
concentration increases with the number of exhalations. Thus, they understand the importance
of good ventilation for health, and the operation of an analyzer to determine the concentration of
pollutants in the ambient air.
These activities have been carried out with various groups of schoolchildren within the
framework of the dissemination activities carried out by the Air Quality Surveillance Network of
Extremadura (REPICA), with good results.
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Ozone (O3) is a fundamental component of the atmosphere that is involved in multiple
environmental processes. In the stratosphere it is found in the ozone layer acting as a radiative
filter. In lower layers such as the troposphere it can be found as a secondary pollutant formed by
multiple chemical reactions. Secondary school students should have a transversal training in
environment according to the objectives of the LOMCE. For this reason, we propose an
experiment to detect ozone through a redox and a complexation reaction, as a teaching resource
to introduce its environmental relevance. Color changes in chemical reactions are recognized
intuitive aids for developing a better understanding of chemical concepts or processes[1].
The experiment is based on the detection of O3 produced by a low-vol generator
(commercially available for domestic uses) through its well-known redox reaction with potassium
iodide (KI) to form iodine (I2) [2]. The reaction is carried out on a paper strip wetted with a potassium
iodide and starch solution. The generated I2 reacts to the excess I- forming I3– that complexes with
the starch (specifically with amylose) giving a variable purple hue depending on the O3
concentration. Prior to the experiment, the importance of ozone in the environment is explained,
as well as its impact on living beings. In addition, the redox nature of the reaction helps to
understand the essential concept of reactions based on electron transfer in pre-university levels.
The concept of complexation reactions can be also introduced at a basic level. While observing
the color change, students can interpretate the reactions that occurs, write and adjust the redox
part, and predict which reagent is reduced and which is oxidized.
The detection of ozone based on the color change produced through the described
reaction allows the student to acquire a significant learning of the importance of ozone in the
environment, as well as the aforementioned chemical concepts. This experiment has been carried
out at different educational levels in several centers, in the framework of the divulgation activities
carried out by the Air Quality Protection and Research Network of Extremadura (REPICA).
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Introduction : The present work, is a compilation of data obtained through the
conversation with Chemistry teachers from different secondary and high schools in the Region
of Murcia about the problems that they had to face during the months of lockdown, as well as
the solutions they had to adopt , the students response and the academic outcomes.
Contents :The lockdown was by and large very difficult for all the students. All the lessons
were on line. The secondary school students were hardly connected although their parents forced
them, but those from the Bac dit it. Teachers prepared theoretical contents collecting information
and they passed them to the students using informatics programs. Teachers complained that they
had not had any sort of training or materials to cope with this hard work,but it is necessary to
emphasize their great adaptability and the many hours they dedicated to prepare the lessons.
Another issue is the fact that it has been impossible to carry out laboratory practices, in some
occasions the teacher sent a video to the students simulating these practices.Students studying
research Bac, have had to do a bibliographic work due to the impossibility of doing a presentation
of it in class . For secondary students, the exams consisted in a collection of exercices in order
to improve their qualifications, but for Bac students , the exam was made through the platform
zoom and monitored by the teacher.In those schools where International Bac was studied,
students had to do simulations via Internet. The informatics programs used in almost all the
schools for the lessons were the following: Google classroom, Google meet, Xodo, Jamboard by
which one can write on a tablet , ,the app Cam Scannner in order to convert heavy photos in pdf
documents and to share them with the students, the space Aula Virtual was also used [1] .
Conclusions : There were more negative than positive aspect in this experience. The
students worked very little since they have to pass the exams by law. Although from the academic
point of view they have learned very little, from the technological and digital point of view , both
students and teachers have learned a lot , and this is a positive aspect to take into account. Most
of the students have promoted knowing nothing, for this reason , teachers have had to repeat the
contents of the previous year during the first term in the following year. The qualifications have
been by and large good due to the way of doing exams which some students were cheating. The
results of the exams for the university entrance have been so good as in previous years , due to
the fact that they had many options to chose. The curricular gap is the great challenge that
teachers have had to cope with the following year, since only the responsible students have learn
something. All teachers think that lessons should be face-to-face in order to interact with students,
so the technological and audiovisual devices must be only used as tools in case of necessity,
since without presence cannot have exigence. For those students studying research Bac, the
lockdown has slowed their researches. Another negative aspect is that of those families with little
economic means and without computer, so the social workers had to take photocopies to their
homes. But the most positive aspect has been that administrations and councils have renewed
computers to the schools and families with deficit digital.

References
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The use of new interactive materials in science training has been proven to effectively
enhance the teaching and learning process of diverse educational stages [1,2]. For Primary
Education stage, some studies emphasize the difficulty that future primary school teachers
undergo to find materials and tools suitable for this purpose [3]. To deal with this problem, we
propose the utilization of STEM approach and new interactive tools, as Genially software, to
improve the relation of young students with some chemical processes.
The main objective of this proposal is that primary school students achieve a better
understanding of their surrounding natural places and the phenomena associated with them. The
area chosen for the accomplishment of this project is called “Soto Pavera”, a river beach near
Aranjuez (Madrid). Through the development of a dual activity, that includes data collection and
sampling in situ with subsequent analysis at lab, it is intended that students become aware of
some chemical processes that take place in the waters of the Tagus River (Río Tajo).
The guidelines to carry out the activities have been developed by means of Genially online
tool. The activities include some key concepts as water acidity, oxygen content, and salinity
(Figure 1). This design implies the use of interactive infographics that both students and other
members of the social and educative community could operate in their own devices (tablets,
mobile phones, computers) in a simple way. The infographics contain various items with extra
information, besides easy games and interactive activities ready to be performed on the devices.
Infographics also include the necessary instructions to carry out the analysis of samples in a basic
laboratory of chemistry using only cheap and easy access materials.

Fig.1. Example of infographics created for this project with the online tool Genially.
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The Pauson−Khand reaction (PKR) is one of the elementary methodologies for the
construction of cyclopentenone derivatives, which can undergo subsequent chemical
transformations to access more complex structures[1]. Since its discovery in the early 70s, this
cobalt-mediated [2+2+1] cycloaddition has become an elegant and useful transformation for the
synthesis of polycyclic molecules, and in particular, in the synthesis of natural products containing
the cyclopentenone motif. Recently, we reported a series of Co2(CO)8-mediated intramolecular
PKR for the formation of fluorinated monoterpenic alkaloid cyclopentene derivatives from chiral
fluoroalkyl aldimines[2]. The advantages of intramolecular Pauson−Khand reaction is that
cyclopentenone derivatives containing chiral centers can be obtained along the synthesis[3]. In
this communication, density functional theory calculations at the M11/6311+G(d,p) level of
theory are used to investigate the mechanism and reactivity for the Pauson−Khand reaction of
fluorinated and chiral Ntethered 1,7-enynes. The effects of different fluorine groups and steric
effects on both the alkenyl and alkynyl moieties are also theoretically studied. A rationalization of
the regioselectivity of the process yielding the new stereocenter is supported by a transition state
analysis using the distortion/interaction model and a non-covalent interaction (NCI) analysis.
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The generation of carbon radicals from organic halides represents a powerful tool in
modern organic chemistry. In fact, carbon radicals are reactive and versatile synthetic
intermediates essential to subsequent chemical transformations. Hydrogen atom transfer steps
have been extensive evaluated by computational and experimental mechanistic means[1] but this
exploration has been rarely extended to organic halides. This is mainly due to the highly negative
reduction potential of organic halides, which prevents them from being activated using standard
reducing agents. Alternatively, the homolytic activation of C-halogen bond has been performed
using hazardous, toxic and expensive tin and silicon reagents and radical initiators, through the
Halogen-Atom Transfer (XAT) [2]. However, this lack of synthetic applicability paved the way to
explore new chemically efficient methodologies that involve new alternative radical precursors. In
particular, the α-aminoalkyl radicals reported by Leonori, Juliá and co-workers has emerged as
an alternative compared to traditional nucleophilic tin and silicon radicals[3,4].
In this project, we have carried out a DFT-based systematic evaluation of a set of four
different α-aminoalkyl radicals in HAT/XAT step. We have evaluated up to 40 reactions, including
two different C-X bonds, one based on Csp2 and the other on Csp3 activation and the whole halogen
series (F, Cl, Br, I) and hydrogen. This study provides a big picture on the key effects
(hybridization of carbon, nature of the halogen, and electronics of the α-aminoalkyl) in this
reactivity and aims to guide in the rational design of more efficient systems.
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Enzymes catalyze complicated chemical reactions in a highly specific, efficient, and
selective manner. Many enzymes require cofactors, that usually participate in biocatalytic cycles
that involve the formation of organometallic, ionic or radical reactive intermediate species. These
reactive intermediates can then evolve through divergent reaction pathways, being a source for
enzymatic promiscuity and thus serving as starting points for the design of new enzyme-catalyzed
reactions. The accurate characterization of enzymatic “fleeting” reactive intermediates has been
proved to be experimentally very challenging due to limitations of structural and spectroscopic
techniques, while computational methods have been shown to be an important alternative in
describing those intermediate species at the atomic level precision.[1],[2] Our research program
aims to develop and apply new multiscale computational protocols to study, characterize and
rationally improve the formation and stabilization of reactive intermediates generated in enzyme
active sites that are involved in key catalytic cycle steps.[1]
Herein, we will present recent successful cases where the combination of different
multiscale computational techniques,[2] including small truncated models, molecular dynamics
(MD) simulations and QM/MM calculations, allowed us to unveil the molecular basis for enzymatic
catalysis of natural and laboratory evolved enzymes that involve the formation of key reactive
intermediates using iron-based cofactors.[3],[4] Our computational studies provide atomistic
descriptions and basic knowledge about how natural and laboratory engineered enzymes can
catalyze such reactions. This information can finally be used for computationally-guide rational
protein engineering towards new reactivities and selectivities not observed in Nature.
References
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We have found that the anodic oxidation of biphenyl-2-carboxylic acids substituted at 2’
and 6’ positions in the presence of aliphatic alcohols leads to the formation of 4’alkoxyspirolactones, which isomerize under basic conditions to give 4’-alkoxy-2-phenylbenzoic
acids.[1] In order to try to understand this site-selective alkoxylation, we have performed
mechanistic studies including DFT calculations. We had some experimental evidence of the
generation of a biphenyl-2-carboxyl radical II (Figure 1) in the process. According to literature
precedents, the intramolecular addition of the oxygen radical to the adjacent aromatic ring at
either C-1’ (spirocyclization to radical III) or C-2’ (formation of benzocoumarins via radical V) could
be possible. Therefore, we evaluated both reaction pathways.

Figure 1: Gibbs free energy profiles (kcal/mol) for the cyclization of radical II [DFT
calculations, B3LYP-D3/6-311G(d,p), acetonitrile (SMD model)].
Our calculated energy profiles (Figure 1) show a low activation barrier of 2.2 kcal/mol for
the spirocyclization of the twisted radical II, which suggests that this should be a very fast process.
The alternative reaction of radical II to give a six-membered lactone ring is kinetically less favored
and, moreover, radical V is thermodynamically less stable than the starting radical II. According
to these observations, formation of III should be highly favored, which is in agreement with the
experimental results. Concerning the formation of 4’-alkoxyspirolactones from III, we propose a
second anodic oxidation to yield a cyclohexadienyl cation that would be trapped by the aliphatic
alcohol. We have been able to estimate the electrochemical potential of this oxidation step and
the obtained value suggests that it should be a feasible process. The formation of a
benzocoumarin by-product was observed with a substrate monosubstituted at atom C-2’ and this
result has been also studied by DFT calculations and will be discussed.
References
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(Transition) metal-anthocyanin complexes have been envisioned to explain the bluing of
some flowers containing anthocyanins.[1] Characterization of the ground-state of first-row
transition metal-anthocyanin complexes would rather require a multiconfigurational treatment, as
it is the case when studying the complexes of cyanin with iron(II) and iron(III). Firstly, CASSCF
and CASPT2 methods are applied, however, the so-called double-shell effect and the quite large
cyanin anion structure dramatically increases the size of the active space. Therefore we require
a set of more advanced multiconfigurational techniques which allow us to treat such species with
an affordable computational cost and no loss of accuracy. Our work focuses on the application of
the density matrix renormalization group followed by second-order pertubation theory DMRGCASPT2 and NEVPT2 methods, in conjuction with an in-depth wavefunction analysis to
investigate if, in complexation with ferric or ferrous cations, anthocyanins may present a ligandradical character (Figure 1), as we infer from previous computational studies of these structures.
[2]


Figure 1.

Cyanin complex with ferric cation.
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Metal ions have been found to be a key player in the formation of extracellular β-amyloid
plaques, a major hallmark of Alzheimer's disease. However, how metals impact on the structure
and dynamical of the amyloids, being in their monomeric, amorphic or organized multimeric states
has not yet led to a definitive conclusion. Structural analysis of these phenomena is fundamental
to better understand the molecular grounds of the disease.
The present study focuses on massive conformational exploration of the geometric landscape of
Aβ42 alone and in presence of Al(III) and Cu(II) thanks to Gaussian accelerated Molecular
Dynamics simulations. Both metals have been found to reduce the flexibility of the peptide and
entail a higher structural organization, although to different degrees. As a general trend, Cu(II)
binding leads to an increased α-helix content and to the formation of two α-helices that tend to
organize in a U-shape. By contrast, most Al(III) complexes induce a decrease in helical content,
leading to more extended structures that favour the appearance of transitory β-strands. This study
sustains that impact of metal binding to the amyloid monomers and puts the grounds for analysis
of more complex systems like amyloid aggregates.
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Polyoxometalates (POMs) are polynuclear metal oxide clusters that are usually built up
from early transition metal ions such as WVI, MoVI, VV, or NbV in their highest oxidation state with
a large diversity in composition and structures. These water-soluble, large anions give rise to
unusual solution behavior that have found applications in catalysis, biotechnology, and
supramolecular chemistry. To fully understand POM chemistry in solution is essential to identify
their individual speciation profiles, assessing their protonation state, composition, and active
structures the operating experimental conditions. Until now, the modelling of these properties
have been performed via classical Molecular Dynamics (MD), which can’t reproduce reactive
events, or via Carr-Parrinello MD (CPMD) simulations, which are unpractical due to the high
computational cost. Alternatively, reactive force field methods such as ReaxFF, which employs
the so-called bond order formalism,[1] are able to simulate bond forming/breaking processes in
systems of similar size to classical MD simulations (see Table 1).
In POM area, Musaev et al. performed a parameterization of ReaxFF for investigating the
protonation state of niobates ([Nb6O19Hx](8-x)-) in water.[2] Using those parameters for as a
reference, here we have initiated the development of new ReaxFF parameters for studding the
protonation state and structure in water solution of molybdates and tungstates, which have found
more applications in catalysis and biotechnology than niobates. The (re)parameterization
procedure used as training set newly generated DFT data, including geometries, charges, and
energy profiles associated with proton transfers between the POM oxide framework and the
solvent for Nb6O19Hx(2-x)- anion. We employed commercial optimizers (available in SCM
distribution),
and
an
in-house
implementation
(https://github.com/cdaksha/parametrization_clean) of GA-ANN (Genetic Algorithm and Artificial
Neural Network hybrid method) algorithm.[3] The external validation shows that our Mo/O/H_2022
force field is able to qualitatively reproduce the triprotonation state of Mo7O24Hx(6-x)- species in
solution at high acidic conditions.
Table 1. Comparison of computational performance different MD simulation types for a [Mo6O19]2anion in a water box.
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For the last years, artificial metalloenzymes design has become a leading field of research
with applications in biocatalysis or medicine. Yet, efficient rational design protocols for these
systems are still a challenge. Amongst the problems in this field are a) the use of computational
tools predictively and b) the adoption of short peptides as biological scaffolds.
With this study, we present our first computational protocol prototype as proof-of-concept
for metallopeptide design. The biological template is the WW domain, a 32 long peptide that has
shown high structural stability with a three-β-strand fold (Fig. 1a). The tested catalysis is a
propargylation reaction, which is mediated by a bicoordinated palladium ion and transforms
HBTPQ into the fluorescent HBTP (Fig. 1b). The identification of the best mutants for specific
recognition of the metal by natural amino acids (e.g., histidine) is aided by a series of
computational tools that include 1) screenings with our newest software BioMetAll[1] of potential
sequence candidates, 2) classical molecular dynamics simulations to ascertain the stability of the
best proposed mutations and, 3) docking calculations to finally assess the impact of peptide preorganization on metal binding. For validation of this pipeline, 7 model WW peptides have been
simulated, synthesized, and tested for catalysis of the model reaction, yielding good agreement
between the computational predictions and the experimental findings.

Fig. 1. a) Schematic representation of a WW domain mutant PDB: 1E0N) with His residues in
appropriate positions for coordination of Pd(COD). b) Catalytic deprotection of HBTPQ and
flluorophore formation (λexc = 330 nm, λem = 635 nm).
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Copper catalysts can be successfully employed as a replacement in reactions employing
precious metals such as Pd. A good example of this is the Cu-catalyzed Suzuki-Miyaura coupling
between aryl boronate esters and aryl iodides.[1] This reaction has been computationally explored
to propose a plausible mechanism that is able to explain the observed reactivity.
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compute and predict the overall reaction barrier of any reaction of the same type by just computing
the CM-5 charge of the boron atom of the boronate ester and the charge of the ipso carbon of the
aryl iodide.
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In this work, the electronic and steric effects introduced by ligands on the Rh N-heterocyclic
carbene (NHC) template are analyzed using DFT calculations. Inclusion of innocent ligands, such
as chloride, or non-innocent ligands, such as pyridinato group, opens new mechanistic scenarios
as proven experimentally. Then, different products may be obtained at mild conditions by catalyst
design, in the first case, selective alkyne gem dimerization by proton transfer is achieved[1] while
inclusion of a chlrodine ligand to the metal, yields C-C and C-N bond couplings of the alkyne with
the pyridonato group.[2]
The different roles of the metal and the ligands are unveiled calculating the DFT free energy
profiles. The obtained profiles are in agreement with experimental KIE studies. In particular, it is
remarkable that up to three ligands attached to the metal play key and complementary roles along
the catalytic cycle. Hence, the NHC ligand favors the Rh(I) to Rh(III) oxidative addition and
introduces steric repulsion avoiding isomerization reactions. The chloride ligand removes electron
density of the Rh(III), favoring the formation of metallacycle over vinylidene intermediates. Finally,
the hemilabile pyridonato ligand may play two roles, i) assistance to the C-H alkyne bond breaking
by accepting the proton or ii) performing a nucleophilic attack towards nucleophilic carbon atom
of the metallacycle intermediate.
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Spin-Crossover (SCO) compounds are systems that can access two alternative electronic states
close in energy by means of an external perturbation, being temperature the most common one.
This switching behavior makes those systems quite appealing from the technological point of
view, due to its potential implementation in molecular level-based devices. The temperature at
which the transition occurs is defined as the transition temperature (T1/2), a key parameter in the
physical characterization of SCO systems.
In this presentation, the use of electronic structure methods at the Density Functional Theory
(DFT) level to accurately compute the T1/2 in SCO systems will be outlined.[1] A proper
benchmarking of different DFT methods to compute spin-state energy gaps for first row transition
metal systems (d4 to d7) will be presented, showing how the TPSSh functional can correctly
predict the energy window for SCO to occur. This computational approach allows us to
understand the experimentally observed trends on T1/2 for several families of SCO systems in
terms of their underlying electronic structure. Our methodology has been able to explain the origin
of the SCO phenomena in metallocene complexes, such as the [Mn(CpR)2] (R = Me, iPr or tBu)
and [Cr(indenyl)2],[2,3] and how the interplay of steric and electronic effects on the ligand can help
in the fine tuning of the T1/2. The same methodology can be used to study unusual SCO systems,
such as low-coordinated Fe(II) complexes, explaining the origin of such behavior in these
systems.[4,5]
Finally, an expansion of the presented methodology to account for crystal packing effects will be
presented. Using a specifically calibrated DFT-U method, accurate spin-state energy gaps for FeII
and FeIII SCO systems can be computed at the solid state, in excellent agreement with the
available experimental thermochemical data.[6]
The presented computational methodology not only allows us to quantitatively reproduce
experimentally reported data, but also predicts the properties of new systems based on the
observed trends, thus enabling the in silico design of new SCO materials with tailored properties.
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Multicentre Delocalization Indices (MCIs)[1–3], a quantum-chemical tool based on the nelectron density function, are a powerful tool for the characterization of aromaticity in transition
states (TSs) of pericyclic reactions[4]. In this work, the MCIs are used to track the transition of
[1,3] sigmatropic rearrangements from the high barrier pericyclic mechanism in 1-butene to the
barrierless pseudopericyclic mechanism in 1,2-diamino-1-nitrosooxyethane. By changing the
migrating group, the donor and acceptor atoms and functionalizing the alkene unit, a
progressive transition from one type of mechanism to the other is achieved, where reaction
barriers decrease from 89 to 1 kcal/mol. The electron delocalization found for the four-centre
ring adduct formed along the reaction path correlates very well to the reaction barrier.
Surprisingly, the barrier has been found to be independent of the bond strength between the
migrating group and the donor atom and, thus, only changes induced in the multicentre bonding
control the kinetics of the reaction. The analysis of the MCIs along the reaction path provides
additional insight into the effect of atom substitution and group functionalization, the study is
qualitatively supported by the topological analysis of the electron density.
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This work provides new insights from our studies regarding advances in targeting canonical
and non-canonical nucleic acid structures. This modality of medical treatment is used as a form
of molecular medicine specifically against the growth of cancer cells. Nevertheless, because of
increasing concerns about bacterial antibiotic resistance, this medical strategy is also being
explored in this field. Up to three strategis for the use of DNA as target have been studied in our
research lines during the last few years: (1) the intercalation of phenanthroline derivatives with
duplex DNA; (2) the interaction of metal complexes containing phenabthroline with Gquadruplexes; and (3) the activity of Mo polyoxometalates and other Mo-oxo species as artificial
phosphoesterases to catalyze the hydrolysis of phosphoester bonds in DNA. We demonstrate
some promising computational results concerning the favorable interaction of these small
molecules with DNA that could correspond to cytotoxic effects against tumoral cells and
microorganisms. Therefore, our results open the door for the pharmaceutical and medical
applications of the compounds we propose.[1]
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Substrates associate and products dissociate from enzyme catalytic sites rapidly, which
hampers investigations of their trajectories. The high-resolution structure of the native
Hordeum exo-hydrolase HvExoI isolated from seedlings reveals that non-covalently trapped
glucose forms a stable enzyme-product complex.
Previous studies[1] revealed a processive catalytic mechanism for this system, mediated
through the formation of a transient lateral cavity that allowed the unbinding of glucose from the
active site. We conducted a thorough analysis of the HvExoI enzyme and two of its mutants
(W434A and W434H) consisting of classical molecular dynamics (cMD) and Gaussian
Accelerated MD (GaMD) to assert how substrate length and mutations of the given positions
influenced the catalytic process and the previously found lateral pathway.
Using our own multi-objective genetic algorithm software Gpathfinder[2], we were able to
find different exit pathways for our systems and correlate these findings with experimental
enzymatic activity data.
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The role of the interstellar synthesis in the origin of the prebiotic molecules on the Earth and
therefore, the origin of life as we know it, could have been more important than previously thought.
This hypothesis has been strengthened with the huge chemical complexity discovered, in the last
years, in the interstellar medium (ISM). Currently, more than 250 molecules havebeen detected
in such a medium [1], including from simple molecules with 2 atoms to more complex molecules,
like fullerene. Most of them can be found in accumulations of interstellargas and dust, known as
interstellar clouds (e.g. dark clouds, diffuse clouds, pre-stellar cores...) with different physical
conditions. Understanding how all this chemistry has occurred is an enormous challenge for
scientific community such as physicists, astrophysicists, theoreticians, astrochemists, etc. For this
purpose, a large number of parameters are needed to try to explain the existence and the
abundances of species present in the ISM. Amongst these data, the rate coefficients (k) for
bimolecular reactions between neutral species at the temperatures of the interstellar clouds (10-100
K) and the branching ratios of the products formed are required in order to be introduced in
astrochemical models. In this work, we have focused on the OH+CH3NH2 gas-phase reaction. The
OH radical is a key radical for many interstellar processes and it is ubiquitous in the ISM, whereas
CH3NH2 has been found towards several sources, and its importance lies on its possible link with
the simplest amino acid, glycine, undetected in the ISM so far. For this reaction, k has been
determined experimentally using the most powerful pulsed CRESU worldwide reactor [2] between
11.7 K and 177.5 K. The electronicstructure calculations were performed at the M08HX/MG3S level.
Rate coefficients were evaluated (in the low and high-pressure limits) from 10 to 500 K using the
competitive canonical unified statistical (CCUS) theory [3]. Branching ratios to form CH2NH2 or
CH3NH as a function of temperature were also computed. All kinetic simulations were performed
with the Pilgrim program [4]. The OH+CH3NH2 reaction is very fast at low temperatures and the
rate coefficient increases when lowering the temperature. These observations will be discussed in
terms of the relative stability of the stationary points.
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Besides canonical nucleobases, natural DNA and RNA may contain very significant
amounts of modified nucleobases that contribute to the maintenance of their structure and to the
control of specific functions.[1] The design of artificial genetic biopolymers, incorporating noncanonical nucleobases, has been also exploited by some groups to shed light on the mechanism
of assembly and replication, to increase the information storage capacity, as well as for adjusting
the intrinsic functionality of natural nucleic acids.[2] Finally, modified nucleobases play a major role
in the field of prebiotic chemistry, having been proposed as precursors of natural nucleobases.[3]
It has been shown that neither purine nor pyrimidine heterocycles are responsible for the
photostable properties of natural nucleobases, nor therefore, for the photostability of natural DNA
and RNA, highlighting the decisive role played by the substitution pattern.[4,5] To understand the
effect of the nature and position of the substituents on the photophysics of purines and
pyrimidines, we have investigated the deactivation mechanism of mono-, di- and tri-substituted
purine and pyrimidine heterocycles with the natural oxo and amino substituents, and of other diand tri-substituted nucleobases integrating both substituents.[6,7,8]
This poster aims at providing a complete overview of the major deactivation routes of
several modified nucleobases based on the results of the group on the mapping of the ground
and excited potential energy surfaces, with high level multiconfigurational calculations and
molecular dynamics simulations, hopefully contributing, this way, to deciphering the electronic
and structural keys to the photostability of the natural genetic biopolymers.

References
[1] T. Carell, C. Brandmayr, A. Hienzsch, et al. Angew. Chem. Int Ed. 2012, 51, 7110-7131.
[2] S. A. Benner Acc. Chem. Res. 2004, 37, 784-797.
[3] B. J. Cafferty, N.V. Hud Isr. J. Chem. 2015, 55,891-905.
[4] E. M. Arpa, M. M. Brister, S. J. Hoehn, C. E. Crespo-Hernández, I. Corral J. Phys. Chem. Lett.
2020, 11, 5156-5161
[5] C. E. Crespo-Hernández, L. Martínez-Fernández et al. J. Am. Chem. Soc. 2015, 137, 43684381.
[6] F. Romeo-Gella, E. M. Arpa, I. Corral, Phys. Chem. Chem. Phys. 2022, 24, 1405-1414.
[7] E. Vos, S. J. Hoehn, S. E. Krul, C. E. Crespo-Hernández, J. González-Vázquez, I. Corral J.
Phys. Chem. Lett. 2022, https://doi.org/10.1021/acs.jpclett.2c00052.
[8] L. Martínez-Fernández, S. Arslancan, D. Ivashchenko, C. E. Crespo-Hernández, I. Corral
Phys. Chem. Chem. Phys. 2019, 21, 13467-13473.

667

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-112

THE ROLE OF CONFORMATIONAL SEARCH IN STRUCTURAL
ELUCIDATION:
A STEP NOT TO SCREW IT UP!
C. Cuadradoa, A. M. Sarottib and A. M. Hernández Daranasa
a

Instituto de Productos Naturales y Agrobiología, Consejo Superior de Investigaciones
Científicas (IPNA-CSIC), La Laguna, 38206, Tenerife, Spain.

b

Instituto de Química Rosario (COCINET), Facultad de Ciencias Bioquímicas y Farmacéuticas,
Universidad Nacional de Rosario, Suipacha 531, Rosario 2000, Argentina.
e-mail: ccg00051@red.ujaen.es

Keywords: conformational search, force field, GIAO-NMR calculations, J-DP4.
An essential step in the discovery of a new organic molecule is to gain a complete
knowledge of its stereochemistry. Although Nuclear Magnetic Resonance (NMR) and X-rays are
the reference techniques and most often applied, computational methods are becoming a faster,
more reliable [1,2] and in some cases even indispensable alternative [3,4]. During recent few years,
Gauge-Including Atomic Orbital (GIAO) NMR calculations have become a growing
complementary practice to ascertain the 3D structure of a molecule [5]. They are applied in several
methods, particularly those based on Bayes’ theorem, as are DP4 [6], DP4+ [7] and iJ/dJ-DP4 [8]
probabilities.
To apply these methodologies, a series of common stages are necessary, including:
generation of all plausible isomers, conformational search of each isomer, calculations of
chemical shifts, J coupling constants and energy for each conformer, followed by comparison
between calculated vs experimental NMR data.

Figure 1. Conformational search, change in energy as the bond angle changes.
We consider that conformational search (Figure 1) is an underrated step because the
correct conformers and their Boltzmann population are required to derive appropriate chemical
shift and J-coupling values, and thus facilitate a good correlation within the experimental values.
In this study, various force fields, energy and geometric criteria were tested on a set of molecules
to assess their influence on the results obtained for DP4 and iJ/dJ-DP4.
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Copper iodide combined with phenanthroline as a ligand can be a good catalyst for SuzukiMiyaura cross-coupling of highly fluorinated boronate esters with aryl iodides and bromides to
generate fluorinated biaryls. [1]

CuI
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X
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Figure 1: General scheme of the Cu-catalyzed Suzuki-Miyaura reaction.

This reaction has been computationally explored to propose a plausible mechanism that is
able to explain the observed reactivity. Once a reasonable mechanism has been determined,
DFT calculations coupled with machine learning techniques have been applied to compute and
predict the overall reaction barrier of reactions where the substituents on the boronate ester (R1)
and aryl iodide (R2) have been selected to cover the full range of electronic properties. In this way
we can compute and predict the overall reaction barrier of any reaction of the same type by just
computing the charge of the boron atom of the boronate and the charge of the ipso carbon of the
aryl iodide.
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Helical structures are widespread motifs in biomolecules and many efforts have been made
to imitate such geometries using synthetic components. [1] Thus for example, [n]-helicenes have
attracted the attention of chemists for almost a century.[2] Particularly appealing is the fact that
they present a conjugated system arranged in a helical geometry, which is preserved beyond [6]helicenes. Their chiroptical properties, derived from their intrinsic chirality, such as optical rotatory
dispersion (ORD), electronic circular dichroism (ECD), vibrational circular dichroism (VCD),
Raman optical activity (ROA) and more recently, circularly polarized luminescence (CPL),[3] are
in fact remarkable, and have been extensively studied. Moreover, the helical geometry is also
relevant in other fields. It has been suggested that conductive helical arrangements are of
importance in the context of the chiral induced spin selectivity (CISS) effect once they can be
prepared as enantiopure entities. Consequently, fully conjugated helical molecules have been
theoretically suggested as interesting candidates for spintronics, quantum sensing and quantum
information applications.[4] Therefore, the understanding of the chiral response, for an oriented
synthesis of new materials with enhanced chiroptical properties, is nowadays a huge challenge.
For this task, we have theoretically (DFT) designed, calculated and analyzed three different
families of Möbius-shaped organic helical structures based on: (a) ortho-oligophenylene
ethynylene (o-OPE) foldamers, (b) fused indoles, and (c) helicates. Two main conclusions from
this study can be drawn: firstly, the higher absorption dissymmetry factors (gabs, up to 0.28 in
dichloromethane) held on the family of o-OPE’s, whatever the structure considered, whereas the
worse results fell on that of helicates. Secondly, for the fused indole family (see figure below),
very good results (up to 0.14) were achieved when the NH group was replaced by PH or CH2.
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Activation of the N-H bond of ammonia, and amines in general, to yield late metal
complexes is a topic of uppermost importance in current chemical research, as it paves the way
to its catalytic functionalization. However, it is a very challenging task as ammonia tends to form
stable Werner-type complexes. In this context, Milstein and co-workers designed a novel
molecular architecture based on Ru-complexes in conjunction with a series of non-innocent pincer
ligands that are able to perform such kind of process via an aromatization−dearomatization
mechanism.[1] However, the electronic features that govern these processes are not fully
understood.
This situation prompted us to perform a comprehensive study of the electronic factors that
govern N-H fixation facilitated by the paradigmatic Ru-complex originally reported by Milstein (see
Figure 1).[1b] Namely, we analyzed the Electron Localization Function (ELF) along the reaction
pathway to clearly unravel the sequence of bond formation/cleavage events, and electron pair
rearrangement.[2] We also studied the interaction between the metal center and the N atom by
means of the Interaction Quantum Atoms (IQA) energy decomposition scheme.[3] Then, we
applied these tools to analyze the reaction kinetics and theormodynamics as a function of the
amine, as well as the effect of various substituents on the pyridine-based scaffold, as a further
step to the rational design of new and more active systems.

Figure 1. Intrinsic reaction coordinate for the main process under study; and ELF representation
(isovalue = 0.85) and selected basin papulations for the corresponding transition state. Core
basins in purple, hydrogenated in blue, monosynaptic in orange and disynaptic in green.
Hydrogen basins are omitted for simplicity
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Fluorescent techniques have been demonstrated to be a powerful tool in the development
of new detection systems based on fluorescent signal changes. In the last years, our group has
been working in the synthesis of new fluorescent probes, mainly fluorescein derivatives, modifying
the xanthene and benzene moieties to improve their properties as biosensors[1]. In order to
continue exploring more possibilities in this area and, considering that biomolecules so important
as amino acids or sugars appear in the organisms only in one of their enantiomeric forms, we
decided to investigate the effect of chirality in this kind of systems. Thus, we propose the synthesis
and study of two new fluorescent chiral dyes to explore their potential as intracellular biosensors.
Both molecules present a [6]helicene group, which induces chirality in the structure, linked to the
C9 position of a xanthene skeleton. The first compound studied was a Tokyo Green derivative[2].
After the preparation, the photophysical analysis showed that fluorescence lifetimes for this dye
provide a meaningful variation with pH values (Figure a). Furthermore, the pKa value was
calculated using the absorption and fluorescence emission data, obtaining as a result 9.66 ± 0.18.
This fact limits the use of the molecule in biological systems and, therefore, the essays at
intracellular level. To tackle with this problem, the second compound was synthetized using the
strategy of the Oregon Green family, adding two fluor atoms in the xanthene structure with the
objective of reducing the pKa[3]. In this case we obtained a value of 7.15 ± 0.11 (Figure b), closer
to physiological pH and therefore more appropriate for its application in biosensing. As in the first
molecule, the fluorescence lifetimes substantially change with pH, allowing its use as intracellular
pH probe. Exploring this possibility, we also assessed intracellular penetration and accumulation
of the dye in HeLa cells by lifetime imaging fluorescence microscopy (FLIM).
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Microscopy using fluorescent bioprobes is a powerful tool for the study of biological
systems and processes.[1] However, fluorescence microscopy has some limitations, such as autoand background fluorescence. These concerns, lowering the signal-to-noise ratio, are
extraordinary common. The use of time time-gated (TG) fluorescence microscopy, which
introduces a delay time between the pulsed excitation light and the measurement, can help to
remove both disturbing emissions.[2] Unfortunately, most of the established fluorescent bioprobes
have short fluorescence lifetimes (ns range), hindering their use in TG microscopy.
In recent times, thermally-activated delayed fluorescence (TADF) has emerged as a
strategy to lengthen the fluorescence lifetime of organic dyes.[3] On the other hand, we have
recently shown TADF in BODIPYs under laser excitation.[4] Moreover, we have also demonstrated
the possibility of tuning triplet state population in BODIPYs (required for efficient TADF) by
designing BINOL-O-BODIPYs.[5] All these precedents, together with the recognized, wide use of
the BODIPYs as fluorescent bioprobes,[6] prompted us to explore the capability of the BINOL-OBODIPY design to serve as a chromophoric platform for the rapid development of TADF
bioprobes for time-gated subcellular microscopy. This communication shows the preliminary
results of this investigation, which demonstrate the workability of the said platform and idea.

References
[1] a) P. Nalbant, et al. Science 2004, 305, 1615-1619; b) X. Wang, et al. J. Nat. Cell Biol. 2005,
7, 525-530.
[2] K. Hanaoka, et al. J. Am. Chem. Soc. 2007, 129, 13502-13509.
[3] a) W. Chen, et al. Chin. Chem. Lett. 2019, 30, 1717-1730; b) Z. Yang, et al. Chem. Soc. Rev.
2017, 46, 915-1016. c) V.-N. Nguyen, et al. Coord. Chem. Rev. 2020, 425, 213545. d) P.O. Smith,
et al. Front. Chem. 2021, 9, 743928.
[4] I. Garcia-Moreno, et al. Phys. Chem. Chem. Phys., 2022, accepted manuscript, DoI:
10.1039/D1CP05730H.
[5] J. Jiménez, et al. Chem. Eur. J. 2020, 26, 601-605.
[6] a) S.H. Alamudi, et al. Nat. Commun. 2016, 7, 11964; b) T. Kowada, et al. Chem. Soc. Rev.
2015, 44, 4953-4972.

674

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-118

FLAVIN ADENINE DINUCLEOTIDE-CAPPED GOLD NANOCLUSTERS
I. Pérez-Herráez,a E. Zaballos-Garcíab and J. Pérez-Prietoa
a

Instituto de Ciencia Molecular (ICMol), Universitat de Valencia, Catedrático José Beltrán 2,
46980, Paterna, Valencia, Spain

b

Departamento de Química Orgánica, Universitat de Valencia, Av. Vicent Andrés Estellés s/n,
46100, Burjassot, Valencia, Spain
e-mail: irene.perez@uv.es

Keywords: Gold nanoclusters, FAD, Photoluminescence
Flavin adenine dinucleotide (FAD) is a relevant cofactor which catalyses a variety of oneand two-electron redox reactions. This endogenous chromophore exhibits absorption and
emission spectra which are clearly distinct from those of other cofactors.[1]
Gold nanoclusters (AuNCs) are biocompatible nanofluorophores with less than 3 nm in
diameter,[2] and exhibit a spherical morphology. As a consequence, they possess a large surface
to volume ratio and a considerable curvature, thus enabling a huge amount of FAD to be carried
on the NC surface in an otherwise diluted sample. Examples of the use of FAD combined with
nanomaterials are nearly non-existent.[3]
Here we present AuNCs capped with FAD (AuNC@FAD) prepared by a top-down strategy
based on the etching of the plasmonic gold nanoparticles capped with the cofactor.[4] AuNC@FAD
showed stable in high acid media (pH ca. 3) and exhibited a more intense photoluminescence
than that of the as-synthesized NCs (a nearly two-fold enhancement compared to that of FAD,
Figure 1).

Figure 1. Absorption spectra of AuNC@FAD (black line) and FAD (purple area) and
photoluminescence (PL) of AuNC@FAD (green line) and FAD (green area); red arrow indicates
the wavelength (λexc 455 nm) used to excite the nanoclusters.
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Chloride has key functions in maintaining cellular homeostasis with important roles in
multiple processes. [1] The importance of this ion has promoted the development of intracellular
probes to monitor the flow of chloride in living cells. In this regard, noninvasive combined with
imaging techniques have proven to be extraordinary tools for monitoring chloride concentrations
in living cells.
In this work, a new chloride-sensitive red fluorescent protein derived from Entacmaea
quadricolor is described. To the best of our knowledge, this is the first observation of the presence
of a chloride-sensing motif in a red fluorescent protein family beyond the green/yellow proteins.
We found that mBeRFP[2] exhibited moderate sensitivity to chloride and, via site-directed
mutagenesis (S94V and R205Y), we increased the chloride affinity by more than an order of
magnitude until achieve a kd = 106 ± 6 mM at physiological pH. In addition, cis–trans isomerization
of the chromophore produces a dual emission band in the green and red regions with different
chloride sensitivities, which allowed us to develop a ratiometric methodology to measure
intracellular chloride concentrations. This methodology works by using a single excitation (375
nm or 750 nm, by one or two-photon excitation, respectively) and two different emission
wavelengths.[3]
a
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(a) Proposed scheme of the methodology of mBeRFP S94V-R205Y as a chloride biosensor. (b)
Excitation (λem: 495 nm) and emission (λex: 380 nm) fluorescence spectra of mBeRFP S94VR205Y at different chloride concentrations and pH = 6.0. (c) Red/green ratio maps of HEK-293
cells clamped at different chloride concentrations.
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Template-assisted synthesis
Metal halide perovskites nanocrystals (MHP NCs) emerged in the last decade as a
promising new class of functional materials [1], with potential applications in biosensing and
bioimaging. Notwithstanding an assortment of appealing properties, such as narrow emission
bands, high photoluminescence quantum yields, tunable emission spectra through NCs size and
composition, MHP NCs are highly unstable in polar media, which limits their application in
aqueous conditions [1-3].
Hence, this work presents a systematic route for synthesizing and stabilizing
nanocomposites of MHP NCs embedded in mesoporous silica particles (MS) [3]. Different MS
particles (SBA-15, MCM-41, and like-MCM-41) were synthesized through the liquid crystal
template mechanism, and then, high-pressure column packing assisted the intercalation and
growth of nanocrystals (CH3NH3PbBr3, CsPbBr3) inside mesopores. Post-synthetics heat
treatments increased the hydrophobicity of nanoparticles, maintaining NCs structure and optical
properties for several weeks in saline buffers, and preserving MS particles individuality.
Stabilized blue- to green-emitting perovskite nanoparticles were evaluated as fluorescent
agents for staining mouse cell cultures, as shown in Figure 1, and the results are comparable to
commercial reference dyes. As far as is known, this work provides the first demonstration of costeffective and easy-to-prepare fluorescent labelling agents based on MHP@MS nanocomposites,
paving the way for the development of multicolour and highly sensitive biosensing probes.

Figure 1 - (a) Scheme of MHP NCs embedded in MS particles. Images under UV light (254 nm)
of (b) CH3NH3PbBr3@SBA-15 particles in ambient air conditions and (c) CsPbBr3@MCM-41
stabilized nanoparticles in aqueous medium, and their respective (d) HRTEM and (e) HAADFSTEM microscopy. (f) Confocal fluorescence microscopy of mouse cells stained with MHP@MS
particles (green) and commercial dyes (blue and red).
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Serum lactate is a novel biomarker associated with some diseases such as multiple
sclerosis [1] and Crohn’s disease [2]. High levels of lactate are commonly related to mitochondrial
dysfunction [1]. In this sense, we are working in the development of a new analytical procedure
for a quick and accurate quantification of this biomarker based on fluorescence time-resolved
techniques. For this goal, we have functionalized a CdSe/ZnS core-shell quantum dot (QD) with
lactate oxidase (LOX), using D-Penicillamine (DPA) as a linker between the nucleus and the
enzyme. The functionalization procedure and the ratio LOX:QD was optimized to obtain stable
and reproducible nanoparticles (at pH = 7.2, DLS radius of 43±2 nm and zeta potential of -27±3
mV). We have observed that both the fluorescence intensity (IF) and fluorescence lifetime (τF) are
of the nanoparticle are sensitive to the presence of lactate in the medium. We found a linear
response between both parameters with respect to the lactate concentration within the range
lactate:nanoparticle ratio 1:1 − 20:1, being 0.1 μM the concentration nanoparticle. The effect of
possible interferences was also evaluated and was observed that other biomolecules as glucose
do not have a significant effect on the fluorescence signal of the nanoparticle.
Currently, we are evaluating the possible use of this nanoparticle for the quantification of
intracellular lactate by means of FLIM (Fluorescence Lifetime Imaging Microscopy). FLIM is a
powerful technique for the quantification of metabolites in biological samples because
fluorescence lifetime is not dependent on the nanoparticle concentration and the intensity of the
light source in contrast to the conventional fluorescence confocal microscopy.
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Biothiols play a crucial role in the intracellular regulation of redox homeostasis and in the
maintenance of cellular functions, such as post-translational modifications, biocatalysis, metal
binding and xenobiotic detoxification.[1] Recently, it is increasingly recognized that biothiols play
a key role in regulating metabolic adaptability, and thereby function, of cells of the immune
system.[2] One of the latest discoveries in this field is the regulation of functions through the
synthesis and release of various biothiols, in particular glutathione (GSH), which affects the
metabolism and function of the immune system's effector cells.[3] Consequently, the interest in
developing tools to monitor GSH levels in immune cells in clinical samples has increased
exponentially. In this communication we describe a small, non-fluorescent, Michael acceptor,
which upon reaction with GSH, becomes fluorescent and a powerful Eu3+ sensitizer, which selfassembles with this lanthanide ion in H2O.[4] This makes the new Michael acceptor a highly
selective GSH biosensor, which can be monitored through either an increase in the fluorescence
of the antenna or the luminescence of Eu3+, opening the opportunity for multiplexing applications.
This GSH biosensor has been successfully employed to study murine and human cells of the
immune system with flow cytometry (CD4+ T, CD8+ T, and B cells), and to monitor intracellular
changes in GSH associated with the metabolic variations governing the induction of CD4+ naïve
T cells into regulatory T cells (TREG). Despite flow cytometry being the fluorescence-based, goldstandard tool for the identification and classification of cellular populations, selective and sensitive
methods to detect and monitor GSH in cells by this technique remain an unmet need in the
immunology field. The results herein described demonstrate the usefulness of the new biosensor,
working through an unique self-assembly mechanism, to monitor GSH in immune cells, filling the
gap for GSH-metabolic studies in flow cytometry to address biological questions and to open the
door for its implementation to study clinical samples.
Immune cells profiling

GSH
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In recent years, the number of abuse drugs has increased rapidly. Some of these compounds are
cathinones, also known as “salt bath” or “designer drugs”. They belong to the group of New
Psychoactive Substances (NPS) and their use is related to chemical submission crimes.
However, their lack of international control makes them increasingly attractive for this environment
[1]
.
The aim of this work is to develop a new chemodosimeter for the optical detection of cathinones.
Therefore, compounds based on BODIPY moiety were chosen and synthetized due to their
photophysical properties [2] (Figure 1). It is known that cathinones are capable to reduce copper
(II) to copper (I) [3], thus an interaction between copper (I) and the alkynyl group of our compounds
could be expected which should lead to changes in the photochemical properties of the dye [4].
The results of our work showed that our sensors show a total disappearance of the fluorescence
under certain conditions in presence of some abuse drugs.

Figure 1. BODIPY derivatives
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DERIVATIVES: OPTOELECTRONIC AND BIOLOGICAL STUDIES
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Luminescent complexes based on organic chromophores with late transition metals have
attracted a great interest due to their interesting applications in fields such as photocatalysis,
biosensing, photosensitizers and optoelectronic devices. In particular, numerous studies have
been published on cyclometalated d6 (RuII, OsII or IrIII) and d8 (PtII) systems, whereas luminescent
PtIV complexes have received less attention.[1] Our group has recently published two series of
neutral pentafluorophenylbis(cyclometalated) PtIV with Cl- or CN- as auxiliary ligands.[2] In this
field, 2-arylbenzothiazole chromophores have been employed as ligands to form yellow-orange
phosphorescent metal complexes and recent studies have also demonstrated promising
antiproliferative activity.[3]
In this communication, we present a series of luminescent mononuclear PtIV complexes,
fac-[Pt(pbt)2(C6F5)L]n+ (pbt = 2-phenylbenzothiazole; L = 4-Mepy 1, pybt 2, 4,4’-bpy 3, bpe 4, bpyb
5, n = 1; OCOCF3, 6 n = 0), and a bimetallic complex fac-[{Pt(pbt)2(C6F5)}2(-bpyb)](PF6)2 (7), in
which the trans ligand to the C(pbt) is varied to modify the optical properties and lipophilicity. All
complexes have been fully characterized and their structure confirmed by X-ray diffraction studies
on 1, 4 and 6. Optical properties have been investigated in detail and supported by DFT/TD-DFT
theoretical calculations. 4 is not emissive due to a fast photoisomerization process E/Z on the bpe
ligand. The in-vitro antiproliferative activity of selected compounds (1-3 and 6) against two human
tumor cell lines (A549 and HeLa) and their selectivity index against the non-tumor cell line BEAS2B were examined. Cationic complexes 1-3 exhibit IC50 values in the nanomolar range, revealing
an encouraging antineoplastic activity, whereas the neutral complex 6 shows low cytotoxicity in
the dark and high photocytotoxicity by short irradiation with blue light.
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PROBES
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Organic molecular systems which exhibit electronic push-pull behavior represent a
potential class of material wherein their optical and photophysical properties based on the
intramolecular charge transfer (ICT) could be widely modulated by appropriate choice of the
electron-donor and acceptor motif abilities as well as the π-conjugated linkers.[1] Thus, these
systems exhibit interesting properties as solvent-sensitive emitting dyes, especially those
undergoing a twist in one of the chemical bonds in the excited state.[2] Upon photoexcitation of the
organic molecule in polar solvents, the substantial ICT characteristic and large dipole moment of
the excited state induces a considerable stabilization of the fluorophore excited state, resulting in
a large shift of the fluorescence emission toward longer wavelengths (Stokes shift of ca. 200 nm)
along with the fluorescence lifetime ranging from 1.3 to 4.2 ns.[3]
Herein, 2,4,6-triarylpyrimidine derivatives with different substituents on the donor moiety
were synthesized following a previously reported methodology.[4] The photophysical properties of
these compounds were further analyzed in a battery of solvents with different polarity by using a
combination of both steady-state and time-resolved optical spectroscopy. This study validates not
only a fundamental concept of the structure-property relationship and solvent-dependent
properties, but also provides a guide for the design of new organic molecular systems with
favorable ICT for environment sensing and biological applications.
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In the last years, chemical submission has become a more and more serious problem due
to the increase of the number of cases of ‘Drug Facilited Sexual Assaults’ (DFSA). Central
Nervous System (CNS) depressant compounds are used in these type of assaults; for instance:
alcohol, ketamine, benzodiazepines and γ-hydroxybutyric acid (GHB) are some of the most
common drugs used[1].
GHB, known as ‘liquid ectasy’ as well, was widely employed in medicine thanks to its
sedative effects. However, because of these effects, it is often used as a rape drug. Since it is an
odourless, colourless and tasteless substance, it can be ingested by victims without noticing it.
Furthermore, as GHB is quickly metabolized in human bodies, its detection in biological fluids,
such as urine and blood, is a huge challenge[2,3]. For all these reasons, developing real-time,
reliable and friendly-used test will allow potential victims to be aware whether their beverages
have been spiked with the drug or not.
In sensing field, BODIPY has received more and more attention due to its remarkable and
tunable photophysical properties[4]. Taking into account everything said above, we decided to
develop 2 hydrazones based on a BODIPY-core in order to reach a real time and naked eye GHB
detection in a broad variety of drinks.

Figure 1. Hydrazone-BODIPY derivatives studied
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Beta-adrenoceptors (β-AR) are prototypical G protein-coupled receptors and important
pharmacological targets for many diseases. Indeed, a number of approved drugs target these
receptors due to their key role on many physiological functions. Among other examples, we
encounter β1-AR antagonists (β-Blockers), which constitute the first-line therapy for the treatment
of heart diseases, and β2-AR agonists, which act as bronchodilators for the treatment of breathing
pathologies. Considering the relevance of these receptors, achieving a reversible and localised
control of their activity would provide a powerful tool, both for its research applications and its
clinical potential. In this context, photopharmacology arises as a potent approach.
Photopharmacology is an emerging field based on the use of synthetic light-regulated molecules
to allow reversible spatiotemporal control of target receptors in native tissues. These ligands have
the potential to provide a precise and controllable therapeutic action with increased efficacy and
reduced side effects. Moreover, the fine regulation on demand of the receptor activation state is
of great interest for their study in non-modified cells, tissues and organisms. The present project
provides the first proof of concept for beta-adrenoceptor photopharmacology.
We first designed and synthesised libraries of light-regulated compounds in order to regulate βAR activity with spatiotemporal precision. Subsequent testing highlighted the successful
development of compounds with promising pharmacological properties which can be reversibly
and irreversibly controlled by light. The discovered molecules enable a fine control of β-AR in their
native environment that will certainly open the door to innovative research procedures and may
inspire future personalized therapies targeting these receptors.
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Fluorogenic and chromogenic chemosensors are widely used in the detection of biogenic
polyamines. These type of chemosensors have many advantages such as real-time detection,
naked-eye detection, and low cost, and others. Fluorescent chemosensors usually allow lower
limits of detection because fluorescence signals offer high selectivity and sensitivity[1].
Tetraphenylethylene (TPE) derivatives are known to exhibit aggregation-induced emission
(AIE) properties, that means, these fluorophores enhance their fluorescent properties upon
aggregation, which is generally accepted to be caused by restricted intramolecular rotations
(RIR)[2].
Spermine (Spm) and spermidine (Spd) are polyamines involved in several physiological
processes of cell growth and biological functions. Hence, these molecules shown to be interesting
biomarkers to detect diverse pathological situations like breast, lung, colon, skin, prostate, and
ovarian cancers[3]. Spm and Spd can be found at high concentrations in the urine of cancer
patients[4].
In the present study, we explore the capability of a new TPE derivative, bearing two
carboxylic acids with a cleft disposition, in the fluorescence sensing of Spm and Spd (Figure 1),
through a RIR-induced emission mechanism, in urine[5].

Figure 1. Structure of fluorescent chemosensor 1 and structure of Spermine and spermidine.
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The first enantioselective addition of alkyl BODIPYs to Morita–Baylis–Hillman (MBH)
carbonates is reported. This is the first reported enantioselective methodology using the
methylene position of BODIPYs as a nucleophile. The reaction is efficiently catalyzed by cinchona
alkaloids, achieving high enantioselectivities and total diastereoselectivity. The use of cinchona
alkaloid pseudo enantiomers (chinine/cinchonine) allows us to obtain both pairs of enantiomers
in similar yields andenantioselectivities, a common issue in this type of reaction. The
photophysical study of these dyes (absorption and fluorescence) has been performed in order to
determine their parameters and explore future possible application in bioimaging. In addition,
electronic circular dichroism (ECD) studies supported by time-dependent density functional theory
(TD-DFT) calculations were also performed.
We hope that this new approach will open a new gate for the synthesis of chiral BODIPYs using
the inherent nucleophilicity of these compounds. The reaction is proficiently catalyzed by
cinchona alkaloids following an SN2´– SN2´ mechanism, achieving the final compounds in
excellent yields and enantioselectivities. Moreover, we are able to obtain both sets of enantiomers
with similar results. The products obtained have been studied for their fluorescence emission and
for their fluorescence spectroscopic properties, like absorption, fuorescence steady-state
emission and fluorescence lifetime. Quantum yield has also been calculated. They typically give
a high absorption coefficient and quantum yield from BODIPYs. Their long lifetime makes these
compounds promising dyes to use in bioimaging studies with cells using e.g. a time-gated
fluorescence lifetime microscopy analysis that avoids cell autofluorescence.

[1]

M. Sauer, J. Hofkens and J. Enderl, Handbook of Fluorescence Spectroscopy and Imaging:
From Singleand Molecules to Ensembles, Wiley-VCH, Weinheim, 20114
[2]

M. Meazza, G. Sitinova, C. Poderi, M. Mancinelli, K. Zhang, A. Mazzanti and R. Rios, Chem.–
Eur. J., 2018, 24, 13306;

686

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-132

SUPER RESOLUTION METHODS FOR NANOMATERIALS
T. Andriana, E. Fuentesc, L. Albertazzia,b, S. Pujals,c
a

Institute for Bioengineering of Catalonia (IBEC)

b

Department of Biomedical Engineering, Institute for Complex Molecular Systems (ICMS),
Eindhoven University of Technology
c

Institute for Advanced Chemistry of Catalonia (IQAC), CSIC
e-mail: silvia.pujals@iqac.csic.es

Keywords: super resolution microscopy, electron microscopy, correlative microscopy,
nanomaterials, nanomedicine
Single-molecule localization microscopy (SMLM) is one of the super resolution
microscopy families, offering excellent resolution (5–25 nm), multi-colour imaging and
quantification capability with single-particle precision. SMLM can be used to image a wide range
of nanomaterials beyond the diffraction limit: nanoparticles, BTA fibers, peptidic nanostructures,
etc.[1,2]
Correlative light and electron microscopy (CLEM) entails a group of multimodal imaging
techniques that are combined to pinpoint to the location of fluorescently labelled molecules in
their ultrastructural context. Correlative super resolution and electron microscopy is one CLEM
modality in which super resolution microscopy is used instead of conventional fluorescence
microscopy techniques.
Super-resCLEM methods have been mainly applied to biological samples; here we
introduce it for synthetic materials. The decoration of nanoparticles with functional moieties is a
key strategy to achieve cell targeting in nanomedicine. The interplay between size and ligand
number is crucial for the formulation performance and needs to be properly characterized to
understand nanoparticle structure−activity relations. However, there is a lack of methods able to
measure both size and ligand number at the same time and at the single particle level. We
address this issue by introducing a super-resCLEM method, specifically by combining one type
of SMLM (DNA-PAINT) with TEM.[3] We highlight how heterogeneity found in size can impact
ligand distribution. Super-resCLEM holds great promise for the multiparametric analysis of other
parameters and nanomaterials.

Figure 1. Super-resCLEM of a PLGA-PEG nanoparticle: functional ligands are counted by DNAPAINT, while TEM provides the morphology and size.
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Here, we present the synthesis of two isomeric BODIPY-based fluorescent molecules with
a diethylamino donor group and an acetyl acceptor group at positions 5 and 2 (or 3), respectively,
on the boron dipyrromethene core. The structure of the new BODIPY dyes is similar to Prodan,[1]
probably the most widely used solvatochromic probe,[2] but with the donor and acceptor groups
attached to an electron-poor heteroaromatic core. Interestingly, these BODIPY dyes exhibit
unusual spectroscopic and photophysical properties, involving inverse solvatochromic behaviour.
An in-depth study of the solvent effects and quantum-chemical calculations[3] have been
performed to assess the basis for such spectroscopic properties and the effect of the position of
the substitution. This work points towards a rational design of new fluorescent probes, based on
understanding their spectroscopic and photophysical behaviour.
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The light-driven motors are very promising since they hold the great ability to attain sophisticated
tasks by making use of simple light, which is renewable and green energy. An outstanding
example is a discovery where these nanomachines are able to penetrate the lipid bilayers of cell
membranes to induce cancer cell death, which is important in molecular oncology, however, they
make use of harmful UV-light. For this reason, currently, there is a high demand in developing
molecular photoswitches able to work at clinically useful wavelengths, the so-called
phototherapeutic window (600-900 nm),1 which would ensure their pass-through tissue without
doing damage. Novel designs should offer unprecedented possibilities for applications in biology,
pharmacotherapy, or material science, furthermore, demonstrating the effectiveness of rotary
nanomotors for medical therapies.
Recently, researchers are beginning to inspire in natural chromophores, thus trying to learn from
photobiology how to design molecular devices with specific requirements. Herein, we describe
the synthesis, characterization and isomerization behavior of a new family of biomimetic visiblelight-driven molecular rotors based on phytochrome-type double bonds. Phytochromes are one
of the three-class of photoreceptors in plants that makes their function under near-infrared light
(NIR). In this sense, our preliminary results prove the effectiveness of this strategy by showing as
overcrowded alkene-based rotors consisting of a phytochrome moiety that undergoes a
photochemical E-Z (PEZ) isomerization in the range of visible light (470nm). Exceptionally these
rotors absorb light extending towards the orange section of the visible light spectrum (up to 560
nm). This window of work is the longest presented to date via direct photoexcitation.

Figure 1. Phytochrome chromophore (left) and designed biomimetic rotors (right).
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Cyanotoxins are toxic secondary metabolites produced by blue-green algae. Their
presence in all kinds of water bodies such as sea and fresh water sources may be harmful to
surrounding flora, fauna and humans due to the consumption of contaminated drinking water and
even skin exposure during recreational activities. Cyanotoxins present a great variety of
structures and physicochemical properties[1], hence for risk assessment and studies on
occurrence, the development of reliable and sensitive analytical approaches able to cover a wide
range of cyanotoxins is highly challenging[2].
This work describes the development of a multiclass method based on hydrophilic
interaction liquid chromatography tandem mass spectrometry (HILIC-MS/MS) for the
simultaneous determination of eight cyanotoxins in reservoir water samples. They belong to three
different classes according to their chemical structure: cyclic peptides (microcystin-LR,
microcystin-RR and nodularin), alkaloids (cylindrospermopsin, anatoxin-a) and three non-protein
amino acids isomers such as β-methylamino-L-alanine, 2,4-diaminobutyric acid and N-(2aminoethyl)glycine). A SeQuant ZIC-HILIC column was employed to achieve the
chromatographic separation in less than 12 min using water and acetonitrile, both acidified with
0.3% of formic acid, as mobile phase. Previously, a novel sample treatment based on a tandem
solid-phase extraction (SPE) system using mixed-mode cation exchange (MCX) and Strata-X
cartridges was investigated to extract and preconcentrate this chemically diverse group of
cyanotoxins. The Strata-X cartridge, which was configured first in the line of sample flow, retained
the low polar compounds while the MCX cartridge, which was at the bottom of the dual system,
mainly retained the non-protein amino acids. For analyte elution it was required to reverse the
order of the cartridges.
Method validation was carried out in terms of linearity, limit of detection (LOD) and
quantification (LOQ), recoveries, matrix effect and precision in terms of repeatability and
intermediate precision. This work represents the first analytical method for the simultaneous
analysis of these multiclass cyanotoxins in reservoir water samples, achieving LOQs in the very
low range of 7 – 100 ng/L. Recoveries obtained at the LOQ concentration levels ranged from 70.9
to 101.0% for all compounds except for BMAA and DAB in freshwater samples where ionic
strength was higher.
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Bioanalysis requirements of absolute quantitative data are yet constrained by the inability
of current approaches to carry out absolute quantification without resorting to specific standards,
or to analytical strategies only workable under certain and limited circumstances. This situation
necessarily results in the demand for new universal analytical methodologies to work non-specific
absolute quantification of biomolecules.
Element mass spectrometry (ICP-MS) features, such as analytical signal virtual
independence of the detected species identity, structure, molecular environment, or sample
matrix, makes it an ideal candidate as the platform to carry out absolute quantification of
biomolecules. Indeed, the analytical signal can be directly related to the compound abundance in
the sample, through the detection of one (or more) of its constituent heteroatoms. And yet, LCICP-MS it is not so far integrated or considered in Life Sciences fields, due to several instrumental
and analytical limitations that have hindered its applicability in bioanalysis.
During the last decade, together with instrumental advances in ICP-MS, such as the
introduction of tandem MS/MS analyzers, which provide sensitive detection of non-metal
elements like sulfur (essential for protein quantification as it is statistically present in all proteins),
we have worked towards the development of an ICP-MS-based analytical platform to quantify in
absolute terms biomolecules in biological samples using generic standards.
These developments include miniaturized separation strategies (capLC) that provide high
resolution and complete column elution of large biomolecules even in complex mixtures or
biological samples, while also enabling the combination of the methodology with different
instrumental systems, like ESI-MS.[1] Total consumption nebulizer as interface for capLC and ICPMS is also imperative in absolute quantification, to eliminate proved ICP-MS nebulization and
transport effects in large biomolecules analysis.[2] Furthermore, to carry out absolute
quantification of any biomolecules of interest, with a single universal analytical platform, we have
developed a novel instrumental configuration based on the addition of CO2 gas mixtures to the
plasma, for the simultaneous quantification of different elements of relevance in bioanalysis such
as P, S, As, Se, I, or Br.[3]
The described analytical platform based on the use of capLC-ICP-MS/MS constitutes an
analytical paradigm for the absolute quantification of biomolecules without specific standards,
through their constituent heteroatoms, in fields such as proteomics, pharmacology, environmental
studies, food analysis (toxins or supplements), etc. Indeed, it has been proved for the
quantification (certification) of S-, Se- and Br-containing compounds, such as drugs, organic
acids, antibodies, and protein standards, besides the quantification of intact and phosphorylated
proteins, and the absolute quantification of tens of proteins in biological samples in combination
with top-down MS approaches.
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Steroids are commonly used in ophthalmology to treat a range of conditions due to their
anti-inflammatory properties. They are applied locally in the form of collyrium and thus, they are
locally acting, causing undetectable levels in blood, plasma, or urine. Hence, aqueous humor
(AH), a filling fluid from the anterior and posterior ocular chambers is the chosen alternative matrix
for their analysis, as it allows the applied drugs to circulate to different structures of the eye.
Sampling of AH can safely be retrieved during cataract surgery and offers benefits of specificity
over other biofluids to enable better, more sensitive characterization at the site of the disease [1].
Due to the very low volume available, high sensitivity and specificity techniques are required to
drug measurement in AH. To this mean, UHPLC-MS-QTOF is of great interest for the analysis of
drugs due to its selectivity, sensitivity and reproducibility allowing the analysis of down to 2 µL of
sample [2].
In this work, a method for dexamethasone (DX) and triamcinolone acetonide (TCA)
determination in rabbit aqueous humor samples is proposed. The method consists on a liquidliquid extraction step by adding one volume of methanol:ethanol (1:1), homogeneization by vortex
mixing for 10 seconds and centrifugation at 1500 g for 10 minutes at room temperature. The
supernatant is then taken and transferred to a vial with a 100 µL insert and 20 µL are injected into
the chromatographic system. Method was first validated using synthetic aqueous humor
containing the drugs of interest. Limits of detection for DX and TCA were 250 pc mL-1, and both
analytes were detected in real samples by these means, at concentrations of 300 pc mL-1.

Figure 1. Extracted Ion Counts obtained for dexamethasone (DX) at m/z 393.2066 (right) and
triamcinolone (TCA) at 435.2175 (left). Accuracy in both cases was of ± 20 ppm.
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Over the last decades, virgin olive oil (VOO) consumption has spread outside the
Mediterranean Basin due to its unique sensory characteristics and the health benefits associated
with its intake. These effects are partially related to its bioactive phenolic compounds, that have
demonstrated preventive effects against chronic conditions such as cancer, obesity, diabetes, or
cardiovascular diseases. Logically, their biological effects are conditioned by their bioaccessibility,
bioavailability, and metabolic fate after ingestion. Thus, the main goal of this work was to evaluate
VOO phenolic compounds digestive stability, as well as their release from the oil matrix and the
efficiency of their trans epithelial passage. To that end, VOO samples were subjected to a static in
vitro digestion simulation using the INFOGEST standardized method, followed by a membrane
dialysis system. This digestion model uses standard parameters (electrolytes, enzymes, bile,
dilution, pH, and time of digestion) to perform sequential oral, gastric, and intestinal digestion.[1]
Folin-Ciocalteu and DPPH assays were used to determine the total phenolic content and
antioxidant capacity of the original VOO sample as well as all the fractions collected at the end of
each digestion step (including the oil phase, Op, and the water phase, Wp). Moreover, a powerful
LC-MS method was applied to characterize the VOO phenolic profile and, later on, to study the
evolution and transformations undergone by the individual phenolic compounds throughout all the
steps of the simulated digestion.
A total of 21 phenolic compounds were identified in the selected VOO, belonging to six
subfamilies: secoiridoids, simple phenols, phenolic acids, flavonoids, lignans and elenolic acid
derivatives (nonphenolic but structurally related compounds). Secoiridoids, which are complex
phenols, were the most abundant family in the VOO polar fraction (98% of the total phenolic
content). After oral digestion (without enzymes or pH modifiers that could alter initial phenols’
chemical structure), compounds distribution between the two fractions was determined by their
polarity: phenolic acids and simple phenols were mainly detected in Wp, while lignans and
flavonoids were mostly found in Op. In contrast, the gastric digestion, which takes place at acid
pH and involves the use of pepsin and lipase enzymes, undermined the stability of the VOO
phenolic fraction. In this second digestion step, secoiridoids hydrolysis yielded free tyrosol,
hydroxytyrosol, and hydroxytyrosol acetate that were mainly detected in Wp. During intestinal
digestion, performed at basic pH with the addition of bile salts and pancreatic enzymes, most of
the phenolic compounds were degraded. The instability of secoiridoids was, again, responsible
for the release of simple phenols that were mainly recovered in Wp together with flavonoids. On
the contrary, lignans were stable to duodenal conditions and remained in Op. Finally, simple
phenols, which were able to cross the dialysis membrane, were the most abundant compounds
in the bioaccesible fraction and also in the unabsorbed fraction that is transported to the colon
and can be metabolized by colonic bacteria.
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In recent years, the use of nanoparticles has been continuously increasing owing to their
physical and chemical properties. Thereby, NPs are becoming into tools used as potential
applications in a wide variety of fields. Among the different NPs, noble NPs such as AgNPs, and
carbon-based nanomaterials, like Carbon Black (CB) show a particular interest [1-3]. However,
despite the benefits that their use can generate, NPs also appear on the scena as potential
emerging pollutants whose effects on human healthy and food security are not yet fully known.
Thus, in this communication, the behavior of citrate capped AgNPs and polymeric or
biological capped CB in several water matrices, was studied. UV-Vis spectrometry and
asymmetrical flow field flow fractionation coupled to UV-Vis and DLS (AF4-UV-Vis-DLS) were
employed. Bottled, tap, well, transition, waste and sea waters spiked with several amounts of
AgNPs or CB were monitored at different times (up to 180 min). Results showed that composition
of the water matrix influenced AgNPs stability and it was demonstrated that aggregation was the
main mechanisms involved. In the case of polymeric capped CB, the presence of higher amount
of anions in water, resulted in a loss of stability (near 90 % for waste water) and CB sedimentation
was observed. However, biological capped CB provided absence of sedimentation. This last
showed behavior can be relevant for toxicological studies.

Figure 1: Fractograms obtained for NPs in tap water. A) AgNPs at several times B) sedimentation of
polymeric capped CB. Ultrapure water is included for comparison purposes.
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Nitrogen-rich carbon nanodots (CD) have been synthesized with two functions: to provide
functional groups for covalent immobilization of antibodies and to act as co-reactants in the
electrochemiluminescent process.
CD have been synthetized by a carbonization method microwave-assisted using biocompatible
precursors carefully sellected, such as D-fructose and urea as N-donor reagent to obtain
peripheral enriched nitrogen CD, among others. The synthetized nanomaterials have been
characterized by different techniques, that confirm the presence of size-regular amorphous
structures with blue fluorescence when are irradiated with UV light.
The carbon nanodots designed contain amine groups (N-CD) that can be electrografted onto
carbon electrodes and, thus, easily covalently immobilized on these conductive surfaces,
confirming the presence of aromatic amines. The highly stable immobilization of N-CD onto the
electrode surfaces by electrografting provides hybrid electrodes with greater relative surface area
and improved electron transfer properties. Figure 1 shows the strategy used to obtain the hybridcarbon electrodes.
N-CD immobilized on carbon electrodes efficiently amplifies the electrochemiluminescence signal
(ECL), which has allowed the development of a novel ECL sensors for the sensitive detection of
analytes of interest clinical as biomarkers[1]. Taurine (2-aminoethane sulphonic acid) is a natural
organic acid present in a great number of living organisms which contains an aliphatic amine that
gives it co-reactant properties[2].

Fig. 1. Diazotized N-CD electrografting on carbon electrodes.
References
[1] Cristina Gutiérrez-Sánchez, Mónica Mediavilla, Tamara Guerrero-Esteban, Mónica RevengaParra, Félix Pariente and Encarnación Lorenzo. “Direct Covalent Immobilization of new Nitrogendoped Carbon Nanodots by Electrografting for Sensing Applications”. Carbon, 159 (2020) 303310
[2] Tamara Guerrero-Esteban, Cristina Gutiérrez-Sánchez, Mónica Revenga-Parra, Jose L Pau,
Félix Pariente, Maria Encarnacion Lorenzo. “Enhanced electrochemiluminescence by ZnO
nanowires for taurine determination”. Talanta, 2019, 204, 63-69

696

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-141

BIOSENSING FOR ALLERGENS AND ALZHEIMER MARKERS. BASIC
STUDIES USING MICROARRAY ON DIFFERENT SUPPORTS
J. Gil-Rostra,a M.A. González-Martínez,b J.L. López-Paz,b M.J. Bañuls,b M.F. Laguna,c M.
Holgado,c A.R. González-Elipe,a A. Maquieirab
a

Instituto de Ciencia de Materiales de Sevilla. CSIC. Universidad de Sevilla. Avda. Américo
Vespucio 49, 41092, Sevilla.

b

Dpto. de Química. IDM. Universitat Politècnica de Valencia. Camino de Vera, s/n, 46022,
Valencia.

c

Dpto. de Física Aplicada e Ingeniería de Materiales. GOFB-CTB, Universidad Politécnica de
Madrid. Campus Montegancedo, 28223, Pozuelo de Alarcón, Madrid.
e-mail: jorge.gil@icmse.csic.es

Keywords: electro-optical biosensing, microarray, indium tin oxide (ITO), allergens, alzheimer
The development of point-of-care biosensors involves the evaluation of performances of
employed supports, reagents, anchoring modes and assay formats. In the framework of our
research a photonic transducer is being developed based on ITO coated resonant nano-pillars.
This design will allow interferometric and electrochemical detection simultaneously.[1] In order to
make it specific, a proper biofunctionalization of the ITO surface is needed, and the optimal
conditions for the biorecognition process need to be assayed.
Here, in a basic study for Alzhemier biomarkers (β-amiloid peptides) and alimentary
allergen proteins (casein and lactoglobulin), antigens and antibodies have been anchored on
different supports and assay properties have been tested in a microarray format. The behavior of
immunoreagents (analytes, antibodies and antibody-gold nanoparticles conjugates) has been
initially set up on silanized glass and polycarbonate supports, and the results have been
extrapolated to ITO surfaces. Antibody anchoring on glass and ITO was performed by means of
the photo-click-chemistry thiol-ene coupling.[2] Results on polycarbonate suggested that the
immobilized antigen competitive format is easier to be performed than the two-antibodies
sandwich one, for all target species, and the inhibition assay allowed to detect casein and
lactoglobulin at 25 µg/mL. However, sandwich format on glass has shown to be adequate using
HRP enzyme as label and TMB as substrate, allowing to detect β-amiloid 40 and 42 at 0,5 µg/mL
(Fig. 1a). Both assay formats have been tested on ITO using antibody-gold nanoparticles
conjugates, and sandwich format (Fig. 1b) detected both amiloids at 1 µg/mL.
(a)

(b)
[bA40 peptide] = 0.25 µg/mL

Binding generic anti-bA/bA42 peptide/specific anti-bA42

[bA40 peptide] = 0.25 µg/mL

Binding generic anti-bA/bA40 peptide/specific anti-bA40

Figure 1. a) Results of sandwich immunoassay for beta-amiloid40 on glass, using HRP as
marker. b) Sandwich immunoassay on ITO for both amiloids, with AuNPs as label
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Carbon black nanoparticles (CB-NPs), as an industrial product with a large number of applications
-e.g. pigments in inks and paints, tyres and plastics reinforcement, and batteries- and a high
pollutant potential, have a high risk of exposure, and their impact on health and the environment
needs to be assessed. Due to CB carcinogenic potential shown in some works among other
harmful effects,1 at laboratory scale, it is necessary to have stable aqueous dispersions of CBNPs in order to study their toxicological effects. Asymmetric flow field-flow fractionation (AF4) has
been used for the study of CB. Thereby, optimal instrumental variables and conditions have been
selected for the measurement of CB-NPs aqueous dispersions. Thus, CB-NPs dispersibility and
stability in different types of dispersants have been evaluated. CB-NPs have shown very low
stability on amphipathic copolymers-based dispersants,2 which generated macroscopically visible
particles, but better results were obtained with non-ionic surfactant-based dispersants due to
steric effect that prevents CB-NPs junction. However, protection provided by the surfactant seems
to be insufficient to ensure good dispersion stability, since it leads to sedimentation of large CB
agglomerates. Nevertheless, cell culture media in combination with the surfactant considerably
increases dispersions stability by improving CB-NPs corona, which generates shorter particles
and an increase in zeta potential (ZP) magnitude, leading to a greater stability due to electrostatic
repulsion. Furthermore, because of CB great biocompatibility,3 culture media with a higher content
of amino acids and other biomolecules provide better quality dispersions. Finally, AF4 possibilities
and applications to CB study and analysis have been discussed.
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Figure 1. (left) CB-NPs aqueous dispersions fractograms with and without cell culture media (200
μg·mL-1). (right) Relative peak area evolution over time for CB-NPs aqueous dispersions with and
without cell culture media.
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Heavy metals, including lead and cadmium, are classified as toxic aerosol components and
they are referred, according to WHO, as two of the top 10 harmful chemical substances
threatening public health. Air quality guidelines and legislation, regulate maximum levels for Cd
and Pb in atmospheric particulate matter for human health protection [1,2] and this atmospheric
particulate matter is considered one of the main exposure pathways for human to these
hazardous elements [3]. Atmospheric pollutants such as Cd and Pb, can be accumulated in
human tissues and organs, causing irreversible damages [4] and the relationship between
particulate matter exposure and blood pollutants levels have also been reported, especially in
children [5].
This research aims to demonstrate the applicability of ultrasonic microextraction and the
use of screen printed electrodes for the voltammetric determination of Cd and Pb in blood
samples, as a low-cost alternative method to other existing methodologies that require more
complex digestion procedures followed by determination through expensive techniques such as
ICP-MS. As we have already demonstrated the application of these low-cost methodologies for
the determination of Cd and Pb in samples of atmospheric particulate matter from the region of
Extremadura (Spain) [6,7], our future purpose would be to find the relationship between these Cd
and Pb atmospheric levels and those obtained in blood samples.
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Alzheimer’s disease (AD) is the most common form of dementia in the world, affecting more than
40% of the population over the age of 85 in Europe and North America. The need to find more
effective treatments for this age-related disease is crucial, since this percentage is expected to
increase in the next 20 years [1]. Some metals, such as Fe(II), have a toxic role in AD, especially
in the aggregation of beta-amyloid protein (Aβ42). For this reason, antioxidant and metal chelators
are being developed [2]. Selenium species have demonstrated to have both antioxidant and metal
chelating properties [3]. Taking this into account, selenium species, including selenium
nanoparticles, could play an important role in AD.
Antioxidant
capacity
of
selenium
species
(selenomethionine
(SeMet),
Semethylselenocysteine (SeMeCys) and selenium nanoparticles (Ch-SeNPs)) was evaluated using
the DPPH radical scavenging method. Secondly, the cytotoxic effect of SeMet, SeMeCys and ChSeNPs was evaluated in two different cell lines: mouse neuroblastoma (N2a) and human
neuroblastoma (SH-SY5Y). Lastly, in order to study the inhibition of amyloid aggregation, Aβ42
monomer was co-incubated with Fe(II) and selenium species. After being incubated 48 h at 37
ºC, Aβ42 fibrils were negatively stained with uranyl acetate 2% (w/v) and analyzed by
Transmission Electron Microscopy (TEM).
Results showed that antioxidant capacity of Ch-SeNPs was 2 and 6 times higher than SeMet and
SeMeCys, respectively. Regarding cytotoxicity, lethal concentration for 50% cell population (LC50)
for SH-SY5Y cells was 348 µM for Ch-SeNPs and >1000 µM for SeMet and SeMeCys, while for
N2a cells was 248 µM for Ch-SeNPs, 677 µM for SeMet and 727 µM for SeMeCys. Fibrils
aggregation and width increased when Aβ42 was incubated in presence of Fe(II), SeMet and
SeMeCys (Figure 1). Yet, selenium nanoparticles (Ch-SeNPs) exhibited an inhibition of Fe(II)induced Aβ42 aggregation and fibril narrowing at 50 µM.

Figure 1. Aβ42 fibrils incubated during 48 h at 37 ºC in the presence of different compounds at
50 µM. a) Aβ42 alone, b) Aβ42 + Fe(II), c) Aβ42 + Ch-SeNPs
In conclusion, Ch-SeNPs can be considered a promising anti-AD candidate, since they present
excellent antioxidant properties and outstanding anti-amyloidogenic abilities at concentrations
seven times lower than LC50.
References
[1] P. Lewczuk, B. Mroczko, et al. Advances in Medical Sciences. 2015, 60, 76–82.
[2] L. Mezzaroba, D.F. Alfieri, et al. Neurotoxicology. 2019, 74, 230-241.
[3] Cai L., Li X. et al. Current Medicinal Chemistry. 2005, 12, 2753-2763.

700

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-146

DESIGN OF NATURAL ANTIMICROBIALS FOR LIVESTOCK AND
AQUACULTURE BASED ON THE POLYPHENOLS TRANSFER FROM
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White grape marc is an abundant winery byproduct from the production of white wines
and retains a significant load of the original fruit polyphenols. We propose an extraction method
for them based on Medium-scale Ambient Temperature Systems (MSATs)[1]. This configuration
is simple, low-cost, and meets both Green Chemistry and Green Analytical Chemistry principles,
while allowing the further scale-up to pre-industrial production. The produced multicomponent
ready-to-use extracts are a green solution to obtain functional ingredients in a sustainable
approach, creating new value chains in the agricultural and livestock sectors. The proposal is to
develop and validate innovative natural formulations to be used in cattle, swine, poultry and fish,
considering the whole circle in animal production (feeding, health and reproduction) with the aim
of decreasing the use of synthetic antibiotics, implying a reduction in the Antimicrobial Resistance
of these animals.
The focus is, thus, on the antimicrobial and antioxidant activities of grape marc polyphenols,
specifically Vitis vinifera var. Albariño[2,3]. Flavan-3-ols (catechins) and their oligomeric derivatives
(procyanidins), flavonol glycosides (quercetine and derivatives), and phenolic acids are the
principal phenolic constituents of the extracts. Different combinations of GRAS (Generally
Recognized as Safe) extraction solvents will allow to obtain modulated extracts with the most
suitable characteristics for the intended application and, therefore, compatible with the final
formulations to be developed: enhanced feed, natural therapies for animal production and semen
extenders.
Selected lab-scale extracts will be characterized in depth. From the most basic parameters
(density, miscibility, pH...) that are key at the formulation stage, to the most detailed identification
of their chemical composition. First, with basic analytical tools to determine general spectroscopic
indexes, such as total polyphenolic content and antioxidant activity. Further, with liquid
chromatography coupled to tandem mass spectrometry, including high resolution techniques (LCQqQ, LC-Q-ToF) to identify and quantify the bioactive molecules, while ensuring the absence of
unwanted molecules in the final extracts, through both target and non-target analysis.
Finally, to become a realistic alternative to be applied beyond the laboratory scale, pilotscale extracts have been also produced and analytically characterized as a proof-of-concept,
showing that scaling-up multiplies the content of bioactive phytochemicals.
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CHROMATOGRAPHY-MASS SPECTROMETRY
Mohammed Zougagh,a,b Marwa Louleb,a,c Ismael Galvan,d Latifa Latrous,c and Ángel Ríos,a,e
a

Regional Institute for Applied Scientific Research, IRICA, Ciudad Real, Spain.

b

Analytical Chemistry and Food Technology Department, Faculty of Pharmacy, University of
Castilla-La Mancha, Albacete, Spain.
c

Department of Chemistry, University of Tunis El Manar, 2092 Tunis, Tunisia.
d

Department of Evolutionary Ecology, CSIC, 28006, Madrid, Spain

e

Department of Analytical Chemistry and Food Technology, Faculty of Chemical Sciences and
Technologies, University of Castilla-La Mancha, 13071 Ciudad Real, Spain.
e-mail: mohammed.zougagh@uclm.es

Keywords: Uroporphyrin I, Coproporphyrin I, Coproporphyrin III, Protoporphyrin IX, CLC-MS,
owl feathers.

Porphyrins are pyrrole-based macrocycles in which the heteroaromatic unities are bridged
by methylene or methine groups. These compounds include the heme group, which acts as the
prosthetic moiety of hemoproteins, hence exerting a key biological role. In animals, porphyrins
are thus compounds that participate in essential biochemical processes (e.g., hemoglobin,
myoglobin and cytochromes), present in internal body fluids and tissues [1]. But under certain
pathological conditions (i.e., rare genetic disorders termed porphyrias), porphyrins also
accumulate in external structures such as skin [2], and some birds and mammals also accumulate
them in the integument under physiological conditions [3]. For this, we have developed an
analytical method simple, rapid and efficient for the determination of the amounts of four
porphyrins Uroporphyrin I (UP I), Coproporphyrin I Dihydrochloride (CP I Cl), Coprophyrin III (CP
III) and Protoporphyrin IX (PP IX ) in owl feathers based on extraction with 6M Formic Acid (FA)
and acetonitrile (ACN) using capillary liquid chromatography-mass spectrometry (CLC-MS). The
maximum wavelength used in this work was 402 nm. The fluorescence measurements were
carried out with a UV lamp at 365 nm and using a spectrofluometer with the emission length 625
nm.
The limits of detection (LOD) and quantification (LOQ) were extended from 0.006 to 0.199
µg ml-1 and from 0.021 to 0.665 µg ml-1 successively. Besides, Repeatability values were less
than 0.6% and 4.3% for retention time and peak area, successively. The four porphyrins were
extracted by adding the same volume of 6M FA as ACN. Finally, after the validation of the method
we calculated the concentrations of the four porphyrins from the feathers of four types of owls
which are varied from 3.6 to 353.2 µg g-1 and the extraction yields which range in the range of
86.4 and 98.6%.
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Cabozantinib (CBZ) has shown antitumoral activity several cancers, i.e. breast, lung,
prostate, and pancreas, and has been approved in the European Union and the USA for the
treatment of metastatic renal cancer [1]. However, side-effects due to its toxicity may occur, so a
dose reduction or even a temporary interruption of the treatment is necessary in this case [2].
Therefore, an effort should be made on therapeutic drug monitoring in a fast, simple, cost effective
and reliable way in routine laboratories so that dosing can be promptly and safely adjusted to
each patient.
The published analytical methods for the determination of CBZ are scarce and all are
based on liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS) after a
simple step of sample preparation. LC-MS/MS meets the requirements of selectivity and
sensitivity for the determination of CBZ at therapeutical levels, but it requires a sophisticated
instrument and expensive consumables. Capillary electrophoresis with ultraviolet/visible
detection (CE-UV/Vis) is a good alternative because it combines excellent separation efficiency,
with high speed, selectivity, simplicity and economy of use [3]. Another major advantage is that
the consumption of reagents and samples is typically in the range of nanoliters, which makes a
big difference when only a little amount of sample is available. The main limitation is sensitivity,
but this can be improved with preconcentration techniques, the most popular being solid phase
extraction (SPE)
In this work, SPE prior to CE-UV/Vis was used for the first time for the determination of
CBZ in urine. SPE was carried out in commercial C18 cartridges after the appropriate optimization
of the chemical conditions. The CE method was carried out in a fused silica capillary (30 cm × 75
µm i.d.) at 19 ºC at 10 kV with a background electrolyte consisting of ammonium acetate (pH 7.0;
10 mM) containing 3 % acetic acid (v/v) in methanol.
The preconcentration factor achieved was 5.3, and the limits of detection and
quantification were 3.7 and 12 µg L-1 in urine, respectively. Linearity was observed up to 950 µg
L-1. Intra-day precision at 20, 400, and 850 µg L-1 of CBZ precision (n=8) was below 10 % in in
peak areas. As for inter-day precision, no statistical differences were found in two consecutive
days, according to the Snedecor “F” test (p>0.05). Recovery studies in spiked urine samples
ranged from 91.4 to 116.6 %. The present method was applied to seven patients under treatment
with CBZ for metastatic renal cancer as an alternative to the current strategies for therapeutic
drug monitoring.
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There is an increase in the consumption of plastics, which leads to the generation of high
volume of plastic waste. Plastics have many applications being their usage in agriculture very
extensive. Plastic particles below 5 µm, known as microplastics (MPs) are emerging pollutants
which have been found in different environments (air, water and soil). The presence of these
emerging pollutants in agricultural soils affects their quality and productivity [1].
It is worth noting that MPs under environmental conditions, may be affected by
thermal/oxidative degradation processes, releasing additives and monomeric structures which
contaminate the environment in which they are present [2].
In addition, these MPs and their associated compounds present in agricultural soils may
migrate to the fruits and vegetables, being incorporated to the trophic chain and becoming a risk
for the consumers health. Therefore, there is a clear need to develop an analytical strategy for
the determination of organic toxic compounds related to the presence of MPs in agricultural food.
In this communication, an analytical methodology based on headspace-gas
chromatography-mass spectrometry (HS-GC-MS) has been developed to determine volatile
compounds associated to the presence of MPs in vegetables. Twenty-one standards, including
plasticizers, monomers and other compounds linked to plastic degradation have been used for
calibration purposes. The calibration curves were obtained by least-squares linear regression
analysis of analyte peak area ratio with respect to the area provided by an internal standard
versus analyte concentration. In addition, identification of other compounds (potential markers)
present in the samples, which may be related to MPs pollution, has been evaluated by the usage
of the mass spectrometer libraries.
Different vegetables including root and non-root products were analyzed by incubating 3
g of the milled vegetable for 20 min at 130 ºC in the HS module and being automatically injected
in the GC-MS system. Benzene derivatives, phthalates and aldehydes have been detected in the
samples, which may be an indicator of MPs contamination. Potential differentiation of the samples
regarding the pollutants content will be explored by using chemometrics.
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In recent years, nanotechnology has allowed to develop materials to manufacture new
miniaturized devices taking advantage of their properties on the nanometric scale.
Apatite nanocrystals, the main component of the bone system, are formed from a transitory
precursor phase, amorphous calcium phosphate (ACP), which allows the incorporation of a large
number of ions. These nanoparticles, which are characterized by being highly cytocompatible and
biodegradable, can be doped with lanthanides to obtain fluorescent probes that can be applied in
diagnostic imaging, biosensors and theragnosis. In addition, they present important and valuable
benefits in relation to other existing photoluminescent materials, which will allow the development
of stable sensors that can be stored for a long period of time without being altered [1].
In addition, the luminescent properties of the material can suffer an attenuation in the presence
of certain ions, being able to establish a relationship between the luminescent response and the
concentration of these attenuators. On the other hand, these nanoparticles can be immobilized
on paper to prepare disposable cellulose-based microfluidic devices allowing information to be
obtained quickly.
In the present work, an optical chemical device based on the measurement of the luminescent
radiation emitted after a chemical reaction in the receiving system has been developed. To this
end, terbium-doped calcium phosphate nanoparticles were synthesized on paper. The developed
device aims to determine nitrites, ubiquitous species that play an important role in different
physiological systems as well as food, environmental and industrial [2].

Figure: SEM images of mineralized cellulose.
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Alzheimer’s disease (AD) is the most common neurodegenerative disorder worldwide and
the leading cause of dementia in the elderly, with an estimated prevalence of 10-30 % in
continuous increasing due to the aging population. Despite research efforts and current advances
in therapeutic pathways, the diagnosis of AD in the preclinical stages (about 10-20 years before
first symptoms appear) is not entirely reliable due to the poor correlation between AD progression
and the levels of identified clinical biomarkers. Furthermore, current diagnosis of AD is based on
a set of cerebrospinal fluid (CSF) and imaging biomarkers obtained by expensive and highly
invasive techniques available at specialized clinical settings. Therefore, it is important to identify
new AD-specific biomarkers using low-cost and less invasive methodologies, as well as suitable
biotools for their determination that meet the requirements of short assay time, simplicity,
multiplexing capability and feasibility for Point-Of-Care (POC) testing.
Circulating autoantibodies (AAbs) and their target proteins have attracted great interest as
promising candidate biomarkers for early diagnosis of AD in blood. Building on our previous works
using AD-specific targets of autoantibodies displayed on T7 phage via phage-display and Halotag technologies, we report in this communication the first electrochemical biosensing platform to
date using this type of receptors and the evaluation of its potential for full AD-diagnostic capability
by targeting associated AAbs against six phage-derived and frameshift aberrant HaloTag
peptides in serum samples from AD patients and healthy individuals[1]. The bioplatform involves
the use of Halo-MBs modified with the phage-derived and frameshift aberrant Halo-tagged fusion
peptides to the efficiently and selectively capture of the corresponding AAbs from serum, and
amperometric transduction on disposable electrodes using the H2O2/HQ system after enzymatic
labelling of the captured human IgGs with an HRP-conjugated secondary antibody. The
methodology was implemented in a POC multiplexing platform (Figure 1) to detect the identified
6AAbs signature and 2x control proteins in a single test and within clinically actionable times
(less than 90 min), opening a great promise for the type of AD diagnosis and management
currently being pursued.

Figure 1. Schematic diagram of the multiplatform developed for AD diagnosis through a new
AAbs signature.
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Acetaminophen (APAP) overdose is one of the main causes of drug induced injury due to
its easy acquisition and the lack of its toxicity knowledge. The early poisoning diagnose is the key
for successful treatment, preventing a possible hepatoxicity. In this regard, simple, fast, and realtime methods are required to facilitate the diagnosis of APAP overdose. The develop of ambient
ionization mass spectrometry (AIMS) allowed to speed and simplify the analysis, obtaining the
information directly from the sample minimizing its treatment. Within this kind of techniques, direct
analysis in real time coupled to MS has become a powerful tool when the time and the possibilities
of sample treatment are limited [1].
In this work, we propose a DART-QTOF method for the determination of APAP in urine
with minimal sample treatment. The sample was placed into a mesh sample holder to be analyzed
allowing the automated determination of up to 12 samples in less than 30 minutes. Urine samples
at different times after dosage were fortified with the same amount of APAP and were analyzed
too. The results shown a high matrix effect which varies from sample to sample (Figure 1, right),
hence, standard addition was necessary for APAP quantification. The obtained limits of detection
(LODs) range from 1.2 to 7.0 mg L-1 depending on the elapsed time since the intake. The method
was further validated comparing the results with those obtained by UHPLC-ESI-QTOF and ITSPME-NanoLC (Figure 1, right).
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Figure 1. Left, extracted ion chromatogram (152.0706 m/z) for urine samples just before (0 h)
and 2, 6 and 7 hours after APAP intake without and with 20 mg L-1 fortification (f). Right,
variation of the excreted APAP (%) with the time determined with the different studied
techniques.
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The functions and roles of proteins in biological processes are regulated by posttranslational modifications (PTMs), of which phosphorylation is one of the most preponderant.
Protein phosphorylation is a reversible and dynamic process in which a phosphate group is
incorporated (or removed) into certain amino acid residues, and it is involved in the regulation of
protein interactions and the control of protein function in almost every cellular process, such as
signal transduction, gene regulation, cell cycle or apoptosis, among others. Consequently,
changes in phosphorylation degree are related to the occurrence of many diseases, hence the
need for analytical approaches that provide accurate quantification of protein phosphorylation.[1]
Most common approaches in phosphoproteins quantification are based on the analysis of
their enzymatic digest (bottom-up) by molecular mass spectrometry, ESI-MS. These approaches
however provide incomplete PTMs characterization. This is why PTM analysis at the intact protein
level (top-down) is preferred nowadays. Top-down proteomic approaches cannot solve though
the override of phosphopeptides/proteins ionization by more abundant proteic species, which
jeopardizes especially phosphorylation quantification, hindering biological interpretation and
computational analysis.[2]
Alternatively, elemental mass spectrometry (ICP-MS) can rise above some
phosphoproteomics limitations by complementing the information obtained by ESI-MS. Current
developments in chromatographic separations together with quantitative methodologies in ICPMS have resulted in the absolute quantification of phosphoproteins at the intact protein level.[3]
Monitoring of the S and P trace in the phosphoproteins separated along a single LC-ICP-MS run
enables to determine absolute protein concentration from the experimental S molar amount
obtained (prior knowledge of the amino acid sequence) and the corresponding phosphorylation
degree (from the molar ratio P/S), simply using generic standards of S an P. High precision and
accuracy of the S and P quantified enables discrimination between small variations in
phosphorylation degree, essential in the study of phosphorylation dynamics.[4]
In this work, ICP-MS has proved its usefulness in the absolute quantification of intact
proteins phosphorylation in simple protein mixtures and independently of the phosphoprotein
abundance. Robustness and quality of the results obtained without resorting to specific
phosphoprotein standards make this analytical platform an asset worth considering for
overcoming current challenges in phosphoproteomics.
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Initially conceived as carriers of cellular debris, naturally secreted nanometer-sized exosomes
have turned out to be important cell-cell orchestrators in different processes, such as the
regulation of the immune response [1] and metastasis or tumor recurrence, among others. The
exploration of the extensive and dynamic biological information nested in exosomes has proven
to be extremely useful to decipher the course, stage, and response to a given treatment applied
at a precise point of a specific disease, which places these vesicles as potential early ‘bio-meters’
for clinical applications. Additionally, their presence in almost all body fluids and their high stability
make exosomes one of the most valuable markers in minimally invasive liquid biopsies [2].
Cluster of differentiation 147 (CD147), also called extracellular matrix metalloproteinase inducer
(EMMPRIN), is a cell surface glycoprotein that plays a key role in essential cellular processes,
being implicated in tumor invasion and progression [3]. CD147 has been observed as differentially
expressed in exosomes isolated from a wide variety of cancer subtypes, including colorectal
cancer (CRC) [4]. All this reveals the powerful utility of exosomal CD147 as an attractive
biomarker for the early diagnosis and prognosis of cancer.
Bearing in mind that viable methodologies for early cancer diagnosis are of vital importance to
reduce cancer deaths, we present here a sensitive electrochemical immuno-strategy for the rapid
detection of exosomal CD147, based on the selective capture of the target protein by specific
anti-CD147 antibodies covalently coupled onto the surface of magnetic microparticles and its
corresponding recognition and labelling by a biotinylated secondary antibody and a streptavidinhorseradish peroxidase conjugate, respectively. The presence of the CD147 target is monitored
amperometrically at a constant potential (vs. an Ag pseudo-reference electrode) using screenprinted carbon electrodes as transducers and the H2O2/hydroquinone (HQ) system.
Actual applicability of the developed sandwich-based immunoplatform has been successfully and
pioneered by detecting and quantifying CD147 in both intact exosomes and exosomes’ lysates
previously isolated from five CRC cancer cell lines with different metastatic capacity. The
concordance between the obtained results and those provided by gold standard ELISA and
Western Blot demonstrates the reliability and practical utility of the developed biosensor as an
effective tool to improve the diagnosis and management of CRC patients through the interrogation
of one of the most recently explored exosomal protein biomarkers.
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Nowadays, autoimmune diseases represent a family of at least 80 illnesses that share a
common pathogenesis and affect approximately 3–5% of the world’s population, predominantly
women. They result from complex interactions among different immune cell types and antigenpresenting cells, which result in auto-aggressive responses that target a number of different cell
types in different tissues and organs in a relatively large number of autoimmune disorders. As key
elements of this communication network, cytokines and chemokines orchestrate the recruitment,
survival, expansion, effector function and contraction of autoreactive lymphocytes in
autoimmunity and increase the expression of other molecules such as matrix
metalloproteases.[1,2]
Measuring the level of some proteins and autoantibodies, considered as predictive analytes
of the disease onset or targets of clinical treatments, may be the key to cope this problem,
therefore the development of new tools with better analytical characteristics may be essential. In
this framework, the boom that electrochemical biosensors technology has reached has been
widely demonstrated, providing low-cost analysis of a wide variety of analytes with simple
practical application and instrumentation. Searching for better operational characteristics, the use
of novel modified biosensing platforms permit to obtain a more sensible and selective analysis in
shorter assay-times.
With this purpose, different sandwich-type electrochemical immunosensors have been
developed for the individual or multiple determination of proteins and autoantibodies related to
autoimmune diseases. All these bioplatforms are based on the use of magnetic particles as a
solid microsupports for the implementation of the bioassay format and amperometric transduction
at screen-printed carbon electrodes. Once key experimental variables were optimized, the
analytical characteristics of the developed immunosensors were established for the amperometric
determination of these biomarkers.
These bioplatforms demonstrated a good analytical and operational performance, allowing
the sensitive and selective determination of the target biomarkers in serum samples, using simple
protocols, reduced test time and sample quantity (four times lower than that required by the
conventional ELISA methods), which make them particularly attractive for their use in hospitals
or outpatient routine analysis.

Figure 1. Autoimmune disease biomarkers determination using multiplexed electrochemical
immunosensors
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The most common cancer among women is breast cancer[1] and represents the leading
cause of death in women aged between 20 and 50 years[2], but their mortality can be reduced
through early detection that allows the application of an effective treatment in the first stages of
this disease, thus increasing the probability of survival and reducing morbidity
(https://www.who.int/es). Therefore, the development of novel devices which allows an earlier
detection of biomarkers associated with breast cancer has a great interest in our society. In this
sense, aptasensors for cancer biomarkers detection are promising alternatives to conventional
methodologies since they offer advantages in size, cost, specificity and rapid response.
Hence, an electrochemiluminescence (ECL) aptasensor has been developed for the
detection and quantification of a breast cancer biomarker, human epidermal growth factor
receptor 2 (HER2). This protein is overexpressed in the 20% of the cases and is associated with
poor differentiation, strong invasion, early recurrence and metastasis, short survival period and
poor clinical prognosis[3]. In this case, molybdenum disulfide nanosheets (MoS2-NS) have been
used as an immobilization platform for the HB5 aptamer modified with a hexalkylthiol group (AptSH), which can recognize and binding to a HER2 epitope peptide with high affinity. By obtaining
the anodic ECL signal of the [Ru(bpy)3]2+ using CNDs as co-reactants (see scheme), the selective
aptamer-HER2 binding can be detected and quantified in an easy way with a low detection limit.
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A high percentage of marketed drugs are chiral. Chirality has a big impact in the pharmaceutical
field due to the different biological activity that the enantiomers of a drug may have [1]. Ibrutinib is
a Bruton's tyrosine kinase (BTK) inhibitor approved for multiple B-cell malignancies and chronic
graft-versus-host disease (cGVHD) [2], which is marketed as pure enantiomer (R-Ibrutinib). As
established by the International Council on Harmonization (ICH) guidelines, impurities of
pharmaceuticals must be detected at a 0.1% level, which shows the relevance of developing
sensitive enantioselective methodologies allowing the quality control of chiral drugs [3]. Capillary
electrophoresis (CE) is a widely used technique for chiral separations, in which cyclodextrins
(CDs) are the most used chiral selectors in the electrokinetic chromatography mode due to their
high chiral discrimination power. However, in some cases, the separation of the stereoisomers is
not achieved and then, the addition of additives, as ionic liquids (ILs), to the separation medium
is required [4].
The aim of this work was to achieve the separation of the enantiomers of Ibrutinib by electrokinetic
chromatography using CDs as chiral selectors and to study the effect of the addition of ILs to the
separation medium. Seven neutral and six anionic CDs were tested in a formate buffer at pH 3.0
working in positive and negative polarity. The best results were observed when using sulphatedγ-CD and negative polarity. The optimization of the experimental conditions allowed obtaining the
separation of Ibutrinib enantiomers in an analysis time of 4.3 min with a resolution value of 2.0.
The effect of the addition of fifteen amino acid-based ILs on the chiral separation was evaluated.
In general, it was observed that the addition of ILs increased both the analysis time and the
enantioresolution value. The best results were obtained using a mixture of sulphated-γ-CD and
[TMA][L-Lys] which allowed the separation of Ibutrinib enantiomers in 8.1 min with an
enantioresolution value of 3.3. The two chiral methods developed were applied to the
enantiomeric determination of Ibrutinib in pharmaceutical formulations.
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Tropane alkaloids are secondary metabolites that are produced naturally in plants of
several families and they appear in foods and cereals made with them. However, the greatest
danger of these compounds is that they appear in cereals for children (reconstituted or not) so
the EU has indicated maximum limits in baby foods. Although many different tropane alkaloids
are known, the most abundant are atropine and scopolamine.
These compounds are depressants of the nervous system and can cause all kinds of
disorders, so the European Food Safety Authority (EFSA) has established an acute reference
dose of 0.016mg/kg/day, expressed as the total concentration of atropine plus scopolamine.
There are enzymatic routes of degradation of these alkaloids, however, as far as we know,
no analytical determinations based on these enzymatic reactions have been found so there are
no affordable and fast methods based on them. This work will focus on the enzymatic route of
atropine.
Of the two possible degradation pathways, the one that may lead to greater selectivity is
that of tropine using the enzyme Tropinone Reductase I, which produces oxidation of the -OH
group to a ketone using NAD as a cofactor (Figure 1)

Figure 1: Enzymatic reaction of atropine
The objective is to develop an enzymatic method to determinate the atropine based on
the optical properties of NADH. First results have shown that there is a linear relationship
between the absorbance at 340 nm (due to NADH) and the concentration of atropine (Figure 2).
It has been studied the effect of the pH, the concentration of NAD and enzyme on the kinetic of
the reaction.

Abs

1,5
1
0,5
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Figure 2: Variation of the absorbance of NADH with the enzymatic reaction (1)
From the optimal conditions, the method will be applied to the determination of atropine in
real samples.
Acknowledgment This work has been supported by the Agencia Estatal de Investigación of
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Trimethylamine (TMA) is the substance responsible for the fishy odour and it is produced
by the reduction of trimethylamine N-oxide (TMAO) by microorganism. Fresh seafood contains
low levels TMA but higher of TMAO and its concentration rapidly increases after death. This is
because, its concentration is used as an indicator of the freshness of fish. On the other hand, in
humans, TMA is metabolized to TMAO (odourless) catalyzed by flavin-containing
monooxygenase (FMO). Trimethylaminuria or "fish odour syndrome" is a human disorder
characterized by the difficulty of converting foul-smelling TMA to its odourless N-oxide. In this
case, the intake of excess TMA is a serious problem so it is necessary to control the concentration
of TMA in food.
The most frequent methods of analysis of TMA in foods involve GC, HPLC and EC. These
methods are not appropriate for in-situ determination so it is necessary to develop rapid methods
for determination of TMA.
In this work, a rapid and “in-situ” method for the determination of TMA based on its
enzymatic reaction[1] with FMO3 is presented.
FMO3
TMA + NADPH + H+ +O2
TMAO + NADP + H2O
It has been found that the slope of the variation of absorbance at 340 nm due to the
disappearance of NADPH (Figure 1a) can be related to the concentration of TMA and used as
analytical signal of the proposed method. FMO3 concentration, pH, NADPH concentration and Tª
have been optimized.

1.a) [NADPH]=3.45.10-4 M, pH= 7.74 , Tª=38 ºC, [FMO3]=500 U.

1.b) [NADPH]=8.10-4 M, pH= 9,Tª=38 ºC, [FMO3]=2000 U.

In the optimal conditions ([NADPH] = 8·10-4 M, pH= 9, Tª=38ºC,FMO3=2000 U), the
method shows a linear response to TMA between 2·10-5 and 1.5·10-4 M, with a RSD of 9.67%
(n=3). An exhaustive interference study (putrescine, cadaverine, histamine, tyramine,
monomethylamine and dimethylamine (DMA) were considered) show that only DMA is an
interference but if the ratio DMA: TMA is 10:1. The method was applied to the determination of
TMA in codfish by the addition standard method with good results.
Acknowledgment This work has been supported by the Agencia Estatal de Investigación of
Spain (PID2019-105408GB) and by the founding to research group of the DGA-FEDER
(E25_20R).
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Deep-frying is a very popular food preparation method around the world. Using virgin olive
oil (VOO) as frying fat may contribute to enhance food nutritional value as a result of the transfer
of unsaturated fatty acids and bioactive compounds to the fried food. The main goal of this work
was to investigate the evolution of the VOO metabolic profile during consecutive deep-frying
cycles and assess the migration of bioactive compounds to French fries, via the absorbed oil.
To that end, deep-frying experiments simulating home-cooking practices were carried out
in triplicate in electric fryers set at 190 °C, with three different monovarietal VOOs (cv. Arbequina
from Spain, and Brazilian cv. Arbequina and cv. Koroneiki). Frying tests were conducted in five
frying sessions (five consecutive days) of six continuous 12 min frying cycles (100 g of potatoes
per cycle). 50 mL of fresh VOO were used to daily replenish the fryers before starting a new frying
session. Fresh VOOs, aliquots taken from the oil bath at the end of each frying session (spent oil)
and oils absorbed by the potatoes were analyzed by two complementary multi-class reverse
phase (RP) and normal phase (NP) liquid chromatography (LC) methods, combining mass
spectrometry (MS), diode array (DAD) and fluorescence (FLD) detectors. Fatty acids profile as
well as oil quality parameters, including acidity, peroxide and p-anisidine values, were also
determined by official methods to monitor VOO degradation processes.
A combined number of 56 compounds were determined in the extracts analyzed herein.
The most polar fraction included simple phenols and phenolic acids (six), oleuropein aglycone
derivatives (sixteen), ligstroside aglycone derivatives (seven), elenolic acid related substances
(four), flavonoids (four), lignans (three), and triterpenic compounds (three), which were
determined by RP-LC-MS. In the mid-polar fraction, tocopherols (five), phytosterols and related
substances (two), and pigments (six) were quantified by NP-LC-DAD/FLD.
VOO was reused for deep-frying French fries for up to five consecutive days without
showing signs of drastic lipid oxidation. Toping-up with a small proportion of fresh oil (50 mL or
6.25% of fryers’ capacity) was effective to delay complete loss of antioxidants in VOO and seemed
to extend olive oil usability for deep-frying. The VOO blend from Brazilian cv. Arbequina olives
was the most stable to oxidative degradation, among the tested oils. Phytosterols and lignans
were remarkably stable (>70% retention in frying oil). On the other hand, French fries were
enriched by VOO bioactive compounds during deep-frying (especially on the first two days),
improving their nutritional value regardless of the used VOO. Seven out of the ten compounds’
classes identified in the oils were transferred to the fried food, phytosterols presenting the highest
transfer rate. Potatoes fried in Arbequina oil from Brazil incorporated the highest amounts of VOO
minor components
In conclusion, our data suggest that using VOO for deep-frying will promote absorption of
a nutritionally rich oil by the fried food, value-adding the food with this well-known source of oleic
acid and bioactive compounds that would not be obtained by employing other vegetable oils
frequently used for this popular domestic preparation.
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Platinum nanoparticles (PtNPs) are one of the most widely used nanoparticles (NPs) in
different industrial and medical applications, especially in the automotive catalytic converters due
to their unique physiochemical properties. As a result of chemical reactions and mechanical
abrasion at the catalyst surface, those PtNPs are emitted and distributed along all the
environmental compartments [1]. Once in the environment they can experience transformations
which are dependent on both their characteristics and on environmental factors such as pH, ionic
strength or organic matter. Therefore, they are modified, leading to major changes in their stability,
toxicity or bioavailability [2].
Different characteristics must be taken into account once the PtNPs are in the environment,
like their size distribution, concentration or composition. To do a proper study about their fate and
bioavailability, the use of complementary analytical techniques is needed. In one hand,
information about their particle size range, concentration or dissolution processes must be
gathered, and the use of asymmetric flow field flow fractionation hyphenated to inductively
coupled plasma mass spectrometry (AF4-ICP-MS) strongly fulfill that purpose. In the other hand,
Dynamic Light Scattering (DLS) is one of the most used techniques to study the aggregation
kinetics of metallic NPs, by following changes in their hydrodynamic diameters and their ZPotential. By using the combination of these techniques, reliable information can be obtained [3].
Thus, the aim of this study was to apply an analytical strategy based on those
complementary techniques to study the stability and behavior under environmentally relevant
conditions of different sizes (5 and 50 nm) PtNPs. The effect of ionic strength and the presence
of organic matter was tested as critical factors. An increment in their hydrodynamic diameters and
major changes in their Z-Potential towards unstable values was observed as long as the ionic
strength increases. This aggregation dynamic was attenuated in the presence of organic matter,
showing a major influence over their behavior in freshwater systems.
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The prevalence of food allergies has been steadily increasing in developed countries in
recent times and is now considered a serious public health problem affecting 2-4% of the
population. Soybean is among the most frequent human food allergens, also known as the "big
eight", accounting for 90% of all food allergies. Soy allergy has a high prevalence among children
(0.5%), probably because soy is widely used as an ingredient in the preparation of many foods,
and current EU and US legislations includes soy as one of the major allergens that must appear
on the label of food products. Therefore, to protect allergic consumers, regulatory agencies are
demanding highly sensitive and selective detection methods. Glycinin and β-conglycinin,
accounting for about 70-80% of the total globulin fraction of the seed, are the main allergenic soy
proteins.
In this communication, the first electrochemical bioplatform for the determination of soy
traces in food will be presented [1]. The immunoplatform involves sandwich-type immunoassays
using specific antibodies for β-conglycinin and glycinin and carboxylic acid-modified magnetic
microbeads (MBs). The determination of both proteins can be carried out in only 1.5 h. It is
important to note that, counting since the prepared capture antibody (cAb)-modified MBs, the
determination can be performed in a short time as 30 min by direct assaying the food extract. The
electrochemical bioplatforms allow their accurate determinations (with results statistically
comparable to those provided by ELISA methodologies) in raw cookie dough and baked cookies
enriched with soy flour. It is also important to highlight that the results obtained confirm, in a
pioneering way with electrochemical biosensors, the possibility of discriminating samples incurred
with as little as 0.0005 ppm of a food allergen in model cookie extracts. This level of detection is
significantly lower than that achieved with ELISA methodologies using the same immunoreagents
(50-500 ppm).

Fig 1. MBs-immunoplatform for food allergens determination.
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Tacrolimus (FK506) is an immunosuppressant widely used to prevent rejection after organ
transplantation. This drug is a hydrophobic macrolide with a 23-membered lactone ring derived
from Streptomyces tsukubaensis bacteria. FK506 exhibits high inter- and intra-patient
pharmacokinetic variability which, together with its narrow therapeutic window, makes drug
monitoring extremely necessary to ensure graft survival.[1] FK506 analysis is usually carried out
using chromatographic techniques (HPLC-MS/MS) or immunoassays.[2] The immunosuppressive
capacity of the drug is due to the complex formed with immunophilin FKBP1A, which inhibits
calcineurin, affecting the activation and proliferation of T-cells.[3] This work describes the
application of FKBP1A, which shows a good specificity and affinity for the immunosuppressant,
as a useful alternative to commonly applied antibodies for biosensing applications.
The fluororeceptor-based bioassay is based on the recognition of FK506 by a recombinant
FKBP1A fused to the Emerald Green (EmGFP) fluorescent protein. The sample is incubated with
the recombinant protein, and the free FKBP1A-EmGFP is captured by magnetic beads (MB)
functionalized with FK506 generating the fluorescent signal. The recombinant protein FKBP1AEmGFP exhibits a strong fluorescence at 511 nm (max.) upon excitation at 484 nm (max.), a
fluorescence lifetime of 3.07 ns and an emission quantum yield of 0.70. The interaction between
the recombinant receptor and the drug has been evaluated with a quartz crystal microbalance
(QCM) and by nuclear magnetic resonance (NMR). Several parameters influencing the bioassay
performance have been optimized to improve the sensitivity, including concentration of FKBP1AEmGFP and MB-FK506, incubation buffer, temperature and time, and blood sample treatment.
The fluororeceptor bioassay fits the therapeutic requirements, showing a limit of detection of 3 ng
mL-1 (10% binding inhibition) and a dynamic range of 5 – 70 ng mL-1 (20 – 80% binding inhibition).
Assay selectivity was evaluated by measuring the competitive inhibition curves for other
immunosuppressive drugs usually administered in combination with FK506 (mycophenolic acid,
sirolimus), under the optimized conditions. The bioassay has been applied to the analysis of
FK506 in whole blood samples of transplanted patients and the results compared favorably with
those obtained by an external laboratory.
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WITH DEEP EUTECTIC SOLVENTS (DES) FOR THE EXTRACTION OF
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High Voltage Electrical Discharges (HVED) is a green technique, which is based on the
phenomenon of electrical breakdowns in water. This process leads to the fragmentation of cell
membranes and the permeation of cell walls, promoting the release of intracellular compounds.
This pretreatment enhances mass transfer and increases extraction yields[1]. This work proposes
the simultaneous extraction of proteins and polyphenols from pomegranate seeds pretreated with
HVED, using deep eutectic solvents (DES). These solvents are non-toxic, non-volatile, and
biodegradable and they are constituted by two or more compounds acting as hydrogen bond
donors or hydrogen bond acceptors[2]. Pulse number and solid-liquid ratio were optimized in
HVED pre-treatment to release proteins and polyphenols from pomegranate seeds. Next,
released compounds were extracted at 50 ºC, with agitation, using different DES or alkaline
solution. Results obtained were compared to seeds without HVED pre-treatment. HVED pretreatment improved the recovery of both proteins and polyphenols. Application of DES increased
the diffusivity of proteins and alkaline solution extracted higher amount of proteins and
polyphenols. Proteomic tools in combination with HPLC-ESI-Q-TOF-MS/MS enabled to identify
11 different proteins in extracts. Most proteins were subunits of 2S albumins and 11S globulins.
These proteins were characterized for their activity like nutrient reservoir. HPLC-ESI-Q-TOFMS/MS was also employed to identify up to 32 phenolic compounds. Among them, the presence
of ellagic acid can be highlighted.
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Hydrogels consist of crosslinked networks that retain a large amount of water, up to 90%,
in their swollen state but keep their 3D structure. They are ideal candidates to immobilize
enzymes, nucleic acids, proteins, or peptides because of their porous structure and soft nature.
Thus, they find application in controlled release, drug delivery, immunomodulation, tissue
engineering, or sensing and biosensing.
Optical transduction in responsive hydrogels is interesting because it offers different
detection modes compatible with readout devices for quantitative measurements, can be tuned
to perform naked-eye detection, its fabrication is mass scalable, and different functionalized
polymers can be incorporated for the specific detection. [1]
Hydrogel Bragg-diffracted gratings molded on the surface (surface relief gratings, SRG)
can transduce the analyte presence into a diffraction signal change due to analyte-induced
polymer structural modification. The diffraction signal change may involve the distance between
the zero-order and first-order diffraction spots and/or the diffraction efficiency (DE). [2]
This communication describes the development of a label-free (LF) biosensing platform
based on the use of hydrogels biofunctionalized with Bovine Serum Albumin (BSA). Hydrogels
were firstly characterized in their porosity and swelling capacity, and biorecognition of anti‐BSA
antibody was determined by fluorescence. Hydrogels with different cross-linking degrees were
synthesized to find the optimal conditions for the suitable fabrication of surface relief gratings, and
the diffraction efficiency, with increasing antibody concentrations, was monitored.

Figure: Image of the BSA-bearing hydrogel surface relief grating. Scheme of the measurement
principle.
This research was funded by MINECO (PID2019-110713RB-I00) and Generalitat Valenciana
(PROMETEO/2020/094)
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Avocado (Persea americana Mill.) is a tropical fruit appreciated and consumed all over
the word. It is popularly known as the “buttery fruit” due to its particular composition and texture.
The nutritional profile consists mainly of fatty acids, which are associated with a lower risk of
cardiovascular diseases. In addition, minor compounds, such as phenolic substances or vitamins,
exhibit a very interesting bioactivity which is also associated with beneficial effects for the
consumer.[1]
The relevance of avocado on international markets has increased exponentially in recent
years. In 2020, avocado world production was over 7.2 million tons. Unfortunately, not all climates
and soils are suitable for its production and only tropical and subtropical climates result
appropriate. Spain accounts for 90% of the production within the European Union. The subtropical
climate zone of the Andalusian region concentrates about 80% of the national cultivation area
and exports mainly to France, the Netherlands, Germany and the United Kingdom.[2] One of the
key advantages of local consumption of avocado lies in the possibility of prolonging on-tree
maturation. This could foreseeably modify the metabolic profile of the fruit that reaches the
consumer. In contrast, it is necessary to use cold storage at controlled temperature and humidity
during transport when the recipient of the product is relatively far from the production area.
The aim of the present study was to evaluate the effect of cold storage on the final
metabolic composition of avocado fruit at edible ripeness, compared to prolonged on-tree
maturation for the same periods of time. Changes of nine metabolites of interest (2 phenolic acids
and 4 of their derivatives, epicatechin, pantothenic and abscisic acids) were assessed over 40
days (at 10-day intervals) by applying a solid-liquid extraction protocol and combining the use of
LC-ESI-TOF MS and LC-ESI-IT MS for the identification and quantification, respectively.
The concentration of phenolic acids and related substances raised over the early and mid
Hass harvesting season in Spain (27th February-29th March). However, the amounts of these
compounds were diminished in fruits harvested later (4th April). It is also possible to state that a
slight drop in the concentration of phenolic acids and related substances occurs when avocado
fruit is stored under cold conditions for more than 10 days, although the fruit could be stored up
to about 30 days without a very significant decline in terms of bioactive substances. Pantothenic
acid did not show drastic changes in any case, and for epicatechin it was not possible to establish
a clear pattern. In the case of abscisic acid, higher concentrations were determined in avocados
stored in cold conditions, probably due to the accumulation of ethylene in an environment that
stimulates its synthesis. Thus, the two scenarios explored in this study would be possible if
domestic consumption or relatively short-distance exports are involved.
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A serious side-effect and major limitation of cisplatin-based chemotherapy is nephrotoxicity, with
30 % of the patients developing acute kidney injury (AKI) [1]. In recent years, cilastatin has proved
to be a successful nephroprotective agent for cisplatin therapies both in in vitro[2] and in vivo[3],
and has recently entered clinical trials. This is quite promising since there is still no treatment
available for clinical use to avoid cisplatin-induced nephrotoxicity. Understanding the process of
cisplatin-induced AKI and the effect of potential protective agents at the molecular level would be
useful to determine new biomarkers of renal damage and pharmacological targets for successful
nephroprotective strategies.
A lipidomics approach using liquid chromatography coupled to tandem mass spectrometry (LCMS/MS), was employed for the quantitative analysis of 108 lipid species in renal cortex and
medulla extracts from rats treated with cisplatin and/or cilastatin. In particular, relevant structural
lipids in the kidney were determined, such as: cholesterol esters, sphingolipids (sulfatides,
sphingomyelins, dihydrosphingomyelins, ceramides, dihydroceramides, hexosylceramides
dihydrohexosylceramides) and phospholipids (phosphatidylcholines, phosphatidylethanolamines
and lysophosphatidylcholines); in order to better understand the underlying effect of cisplatin
related to AKI and the nephroprotective effect of cilastatin.
A total of 56 and 63 lipid species were found to be altered in the cortex and medulla, respectively,
after cisplatin treatment, reflecting renal damage in both regions and reinforcing the relevance of
both areas in the process of cisplatin-induced AKI. Co-treatment with cilastatin reduced many of
these lipid changes, either partially or totally, with respect to control levels, both in the renal cortex
and the medulla. This is proof of the enormous potential of cilastatin for maintaining renal function
and decreasing lipid-related structural changes, consistent with a normalized renal morphology.
Renal damage and nephroprotection can be discriminated using kidney lipid species, with
cholesterol esters being the most important variables, along with sulfatides and phospholipids, as
proved by multivariate analysis. Potential diagnostic biomarkers of cisplatin-induced AKI and the
nephroprotective effect of cilastatin were found, with dhHexCer 34:0 and Sulf 42:0 being able to
distinguish both renal damage and protection either in the cortex or in the medulla, respectively[4].
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Nanoscience and nanotechnology, increasingly present in our day to day, currently
represent one of the most important research fields. In analytical chemistry, the use of different
nanoparticles (NPs) is an interesting approach to improve the performance of analytical methods,
mainly selectivity and sensitivity. In the last few years, one of the research fields of our research
groups has focused on the potential of different NPs (quantum dots, graphene quantum dots,
silver nanoparticles, etc.) for the determination of organic compounds (vitamins, amino acids,
pesticides) in pharmaceutical and agri-food (environmental waters, foods) samples. The use of
these NPs can highly enhance the sensitivity and selectivity of luminescence systems, hence
expanding the range of applications of these methods. An interesting approach is the use of
lanthanide ions (terbium, europium), which provides additional advantages. The most important
aspect is the possibility of working in time-resolved luminescence mode, which critically improves
the selectivity of the system. Several approaches and specific applications will be discussed to
show the potential of NPs-based luminescence methods for the routine determination of
compounds of interest in the pharmaceutical and agri-food fields.

723

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-170

MASS SPECTROMETRY STRATEGIES TO EXPLORE BENEFITS OF
NANOSIZED SELENIUM AGAINST CISPLATIN RENOTOXICITY
A. Iglesias-Jiméneza, G. Artiagaa, E. Moreno-Gordalizaa and M. M. Gómez-Gómeza
a

Department of Analytical Chemistry, Faculty of Chemical Sciences, Complutense University of
Madrid, Av. Complutense, s/n, 28040, Madrid (Spain)
e-mail: alejandroiglesias@ucm.es

Keywords: cisplatin, SeNPs, cancer, nephroprotection, cells, ICP-MS
Cisplatin is one of the most widely employed anticancer drugs all over the world. However,
it could lead to important side effects such as nephrotoxicity, which limits the administrable dose
and may even force to stop the treatment [1]. This limitation has boosted, along the last decades,
extensive research of different strategies to minimize cisplatin-induced kidney damage, in order
to improve its therapeutic efficacy [2].
In this regard, we carried out a study to evaluate the potential of selenium nanoparticles
(SeNPs) as a nephroprotective agent during antitumor treatments with cisplatin, basing on the
hypothesis that the characteristic antioxidant power of selenium [3] could ameliorate the oxidative
damage caused by the Pt-drug.
To test the suitability of the SeNPs for this purpose, cell cultures of HeLa (cervical cancer
cells) and RPTEC (healthy renal proximal tubule epithelial cells) were submitted to cisplatin and/or
in situ-synthesized SeNPs, at different incubation times. In all cases, cell viability was determined
by MTT assays. The morphology and size of the SeNPs, as well as their cellular internalization,
were studied using TEM-XEDS. On the other hand, ICP-MS analysis was employed to quantify
the intracellular total content of Se and Pt of the different cultured cells, and also the amount of
Pt bound to DNA. In addition, to obtain information about cell metabolism of SeNPs, selenium
speciation analysis at the cytosolic level were performed by liquid chromatography (LC) coupled
to ICP-MS.
SeNPs were demonstrated to be assimilated by cells, as they were found in various
subcellular locations. Co-administration of these particles and cisplatin did not modify the cellular
uptake of Pt or the fraction of Pt bound to DNA, although it induced higher mortality in HeLa cells
than in the case they were exposed only to the drug. On the contrary, no changes in terms of cell
viability were detected for RPTEC. This suggests the chance to achieve similar antitumor efficacy
with lower cisplatin doses if SeNPs are added, thus reducing the risk of renotoxicity. Although
more experiments are needed to confirm them, the above findings could indicate a promising
application of SeNPs for future cisplatin-based cancer therapies.
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In recent years, interest in plants containing chlorogenic acids (CGAs) has been increasing
due the their important antioxidant properties. Latest studies have seen the potential benefits of
CGAs in the treatments of Alzheimer, cardiovascular disease, diabetes and different types of
cancer [1,2]. As a result of this, in the actuality there is an increment demand of plants with CGAs
in pharmaceutical, cosmetic and food industries. Dietary supplements containing CGAs are
widely used today, consequently, there is a growing demand of analytical tools for a better
characterization of their composition of dietary supplements in order to avoid fraud and to protect
public health by ensuring their quality and safety.
In this work, determination of CGAs in dietary supplements were evaluated by different
systems of miniaturized liquid chromatography (capillary and nano liquid chromatographs with
benchtop systems and portable chromatography). Analysis conditions were optimized according
peculiarity of each system. Extracts were obtained with methanol by ultrasound-assistance
procedure. LODs ranged for capillary, nano and portable liquid chromatography were 0.05 - 0.1,
0.005 - 0.010 and 5 - 10 µg mL-1 respectively.

Figure 1. Chromatogram obtained at 330nm for a standard solution 0,5 µg mL-1 for each
chlorogenic acids compounds
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Dispersive magnetic solid-phase extraction (DMSPE) has received increasing attention as
a new sensitive and effective sample treatment preconcentration step prior to analyte separation.
In the present work, the potential of DMSPE for the determination of the main aflatoxins (AFs)
(aflatoxin B1, B2, G1 and G2) is investigated for the first time in paprika samples. Aflatoxin
contamination of paprika spice can occur at any stage of production, from pre-harvest to drying
and storage, and therefore the European Commission sets maximum levels for these
contaminants in foodstuffs [1]. Specifically, for spices derived from Capsicum spp. a maximum
level of 5 µg/kg is established for AFB1 and 10 µg/kg for the sum of AFs (B1, B2, G1 and G2).
Different magnetic nanoparticles were tested and magnetic nanocomposite coated with
polypyrrole (PPy) polymer was selected as adsorbent for the extraction and preconcentration of
target mycotoxins before their analysis by
ultrahigh performance liquid chromatography
coupled to high resolution mass spectrometry
(UHPLC-HRMS). PPy-ferrite nanocomposite
was characterized using field emission scanning
electron microscopy (FESEM) and energy
dispersive X-ray spectroscopy (EDAX) in terms
of morphology and elemental composition. The
experimental parameters affecting the extraction
efficiency in adsorption and desorption steps
such as pH, adsorption time, type and volume of
nanocomposite,
desorption
solvent
and
desorption time were investigated and
optimized. The method was fully validated,
obtaining limits of quantification between 3.5 and
4.7 µg kg-1 and recoveries ranged between
89.5% and 97.7%, ensuring the usefulness of
the method developed for an adequate control of
AFs levels in paprika. Finally, the analysis of 31
samples, including conventional and organic
paprika, was carried out.
Figure 1. FESEM (A) and EDAX spectra
(B) of ferrite@PPy nanocomposite.
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Pathogenic or self-antigens are recognized and attacked by the human immune system, which is
responsible for defending the organism. Sometimes, unfortunately, over-recognition occurs,
leading to autoimmity. When there is a breakdown of tolerance to the production of autoantibodies
against a wide variety of the body’s own components, cells and tissues (autoantigens), the targets
of autoantibodies (AAbs), autoimmune diseases develop.
These diseases include systemic lupus erythematosus (SLE), Sjögren’s syndrome (SS),
rheumatoid arthritis (RA), multiple sclerosis (MS) or Alzheimer’s disease (AD), whose onset and
progression appears to be associated with B- and T-cell abnormalities, protein misfolding and
aggregation, as well as dysregulation of specific autoantigens resulting in the production of AAbs
against nuclear antigens (ANAs) and extractable nuclear antigens (ENAs) (anti-ANAs and antiENAs, respectively), among others [1, 2]. These anti-ENAs include anti-Ro/SSA, anti-La/SSB, antiSm and anti-RNP AAbs, which are well-recognized diagnostics biomarkers of SLE and can be
characterised serologically because their serum concentrations correlate positively with disease
severity.
Due to the great importance generated by these autoimmune diseases, our research group has
developed multiplexed electrochemical biosensors for the rapid, simple, and reliable
amperometric determination of the four anti-ENAs in human serum samples at disposable screenprinted carbon electrodes (SPCEs). The methodology involved the use of commercial
functionalized magnetic microbeads (MBs) modified with the specific nuclear antigen (ENAs) for
the efficient capture of the AAbs (anti-ENAs) which are further enzymatically conjugated with
HRP-labelled secondary antibodies.
Next, the thus modified MBs were captured on the surface of the SPCE working electrode,
previously placed on a homemade PAMMA casing with a neodymium magnet embedded in it.
Amperometric transduction was performed by applying -200 mV (vs. Ag pseudo-reference
electrode) using the hydroquinone/H2O2 redox system.
The developed immunosensors demonstrate excellent analytical and operational characteristics
for the determination of anti-ENAs and show potential for determination of the endogenous
content of them in serum samples of patients diagnosed with SLE.
These attributes, together with the simplicity of the assay, the affordable cost, the disposable
SPCE format and the possibility of multiplexing the developed methodology, transferring it to the
determination of other AAbs and applying it in point-of-care devices, make the developed
bioplatform a very attractive alternative to conventional ELISA methodology for the detection and
monitoring of these autoimmune diseases.
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Nanocellulose/carbon nanomaterial hybrids are promising materials for electrochemical
sensing. They exhibit high conductive active surface (from carbon nanomaterials) and aqueous
dispersibility (from cellulose), avoiding the use of organic solvents or the incorporation of toxic
surfactants during their processing, approaching to the Green Chemistry concept [1].
Two cellulose nanocrystals/single-walled carbon nanotube (CNC/SW) hybrids, using two
cellulose polymorphs, were evaluated as electrochemical transducers: CNC type I (CNC-I/SW)
and CNC type II (CNC-II/SW) (Fig. 1). These hybrids showed their potential applicability in clinical
sensing by detecting alpha-1-acid glycoprotein (AGP) with an improved analytical performance
(higher sensitivity and selectivity) in comparison with screen-printed carbon electrodes (SPCE) or
their counterparts with just non-oxidized SWs. In addition, CNC-II/SW exhibited 20 times higher
sensitivity than CNC-I/SW for glycoprotein determination, yielding a LOD of 7 mg L-1. These
results demonstrate the critical role played by nanocellulose polymorphism in the electrochemical
performance of CNC/SW hybrid materials [2].

Figure 1. CNC/SW modified screen-printed electrode for the electrochemical determination of
AGP in clinical samples [2].
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OPTIMIZATION OF A LIQUID CHROMATOGRAPHY-TANDEM MASS
SPECTROMETRIC METHOD (LC-ESI-MS/MS) FOR THE ACRYLAMIDE
DETERMINATION IN FOODS AFTER A STANDARDIZED IN VITRO
DIGESTION PROCESS
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Acrylamide is a chemical contaminant naturally formed in processed foods mainly through the
Maillard reaction. Due to its toxicological properties, this compound has been classified as
“probably carcinogenic for humans”.[1] The major sources of dietary acrylamide are potato
products, cereals and coffee; therefore, it is necessary to develop robust methods to monitor the
levels of the contaminant in these foods. Special attention should be paid to the adaptation of
such protocols to complex matrices after in vitro gastrointestinal digestion, since enzymes and
fluids added during this process could interfere with acrylamide identification and quantitation.
The aim of this study was to optimize and validate an analytical method for determining
acrylamide by liquid chromatography-tandem mass spectrometry analysis (LC-ESI-MS/MS) in
potato and cereal-based products after a standardized in vitro digestion process (INFOGEST
methodology). Analytical separation of acrylamide from digested foods was performed by HPLC
using an Inertsil ODS-3V column followed by MS/MS, with [13C3]-acrylamide as an internal
standard. The extraction method was based on Mesias and Morales [2] with some modifications.
Signals at m/z 72–55 and m/z 75–58 were isolated for acrylamide and (13C3)-acrylamide,
respectively. The chromatographic results showed a double peak at the m/z 72–55 transition, at
the same retention time as the acrylamide present in the digests (6.6 min), suggesting the
presence of an interference in the extracts. Such interference also appeared in the blank after the
intestinal phase of digestion, probably associated with the enzyme pancreatin added during this
step. In order to separate the interference and be able to quantify the acrylamide, different
modifications of the determination method were tested, both in the extraction of the compound
and in the injection conditions. Separation using ultrafiltration or precipitation with trifluoroacetic
acid was discarded, since only high molecular weight compounds would be removed with these
methods, probably without affecting the interference associated with low molecular weight. Since
slight acidic conditions during sample extraction could promote the protonation of the interference,
the clean-up with Oasis MCX solid-phase extraction (SPE) cartridge was checked [3] without
further improvement. Additionally, the injection volume was optimized to 5 µL to reduce the
interference. To achieve greater specificity in the identification of acrylamide, a new transition was
tested (m/z 72–27), including ion 27 as a qualifier ion. This step required applying higher collision
energy (11.0 V instead of 9.0 V). It allowed the elimination of the interference, obtaining the
isolated acrylamide peak for its quantification. Ultimately, an acetonitrile 50% gradient step was
added at the end of each injection to clean the column between samples. The described method
demonstrated satisfactory precision (< 10%), repeatability (< 10%), and accuracy (recovery
between 85 and 110%). Limit of quantification (LOQ) for measuring acrylamide was 15 µg/kg.
The present results confirm that this optimized method meets the criteria of EU Commission
Recommendations (No. 2019/1888), on the monitoring of acrylamide levels in food [4] and is
selective and suitable for determination of the contaminant in complex matrixes, as food digests,
removing compounds interfering with acrylamide identification.
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Fusarium genera is a group of fungi capable of producing secondary metabolites called
mycotoxins, especially in agricultural products such as corn, wheat or oat, under specific humidity
and temperature conditions. These compounds are naturally occurring and can contaminate
crops, which are destined for food and feed, introducing the mycotoxins in the food chain [1].
Mycotoxins can pose a risk to human and animal health as they can accumulate in fluids,
tissues and organs. Some of the mycotoxins produced by the Fusarium genera are enniatins and
beauvericin, also known as emerging mycotoxins. These compounds have not been legislated
since their toxicity has not been concluded yet. However, the European Food Safety Authority
(EFSA) suggests considering the hazard of chronic exposure, but conclusive in vivo studies need
to be carried out [2].
The aim of this work is the determination of the emerging mycotoxins [enniatin A (ENNA),
A1 (ENNA1), B (ENNB), B1 (ENNB1) and beauvericin (BEA)] in six different human tissues (liver,
kidney, fat, heart, brain and lung) in order to investigate the bioaccumulation and distribution of
these compounds in human body. For this purpose, samples were prepared and analyzed by high
performance liquid chromatography coupled to tandem mass spectrometry (HPLC-MS/MS).
Sample treatment was based on two consecutive steps: a salting-out liquid-liquid extraction
(SALLE) followed by dispersive liquid-liquid microextraction (DLLME). Firstly, 3 g of sample was
weighed into a tube and water and acetonitrile were added for SALLE procedure. Then, the
supernatant was collected and used for DLLME step using chloroform as extractant solvent. The
analytical method was fully characterized in term of linearity, precision, sensitivity and trueness.
Suitable limits of detection (LOD) and limits of quantification (LOQ) were achieved for each
mycotoxin in all the studied tissues. Human tissues (liver, kidney, fat, heart, brain and lung)
obtained from more than twenty autopsies were analyzed by this methodology and the results
showed the presence of the mycotoxins ENNB and ENNB1 in several samples.
Therefore, the proposed procedure is presented as an effective method for the
determination of emerging mycotoxins in human tissues to study the distribution and
accumulation of these compounds in human body.
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The adulteration of extra virgin olive oils (EVOO) with virgin olive oils (VOO) previously
subjected to a soft deodorization process (to eliminate organoleptic defects from these latter lower
quality oils), in up to a 1:1 ratio, in order to be subsequently fraudulently distributed as genuine
EVOO represent a serious problem of quality assurance for the olive sector still in force today [1].
The downward evolution of the comparative prices between VOO and EVOO, together with the
difficulty of detecting the presence of deodorized oils in adulterated mixtures by means of the
quality, purity and sensory analyses contemplated in the legislation, has awakened the ‘ghost’ of
this type of fraud among the main olive oil producing countries, with Spain at the head.
To serve as a starting point for the development of a reliable methodology for the
unequivocal detection of adulterations of EVOO with deodorized VOO, fraudulent mixtures are
needed in order to characterize them in the search for differential quality markers. Likewise,
generating fraudulent mixtures requires prior obtaining soft deodorized VOO to be used as
adulterants. For obvious reasons, this type of oil is not directly available for purchase in the market
so, in the present study, a lab-scale pilot plan was set up to carry out deodorization experiments.
An experimental design methodology was used to optimize soft deodorization process conditions
in the pilot plant throughout a two-stage procedure. In the first stage, optimization was tackled as
a linear design problem considering temperature and deodorization time as the main process
variables involved. The perceived intensities of the residual negative attributes that still retained
the lampante olive oil used as raw material once deodorized under a certain set of operating
conditions were evaluated by an expert sensory panel. A two-level full factorial design with two
factors was selected for the analyzed sensory defects (vinegary, fusty/muddy sediment, metallic,
mould/humidity and rancid). Design resolution provided a mathematical model that allowed to
correlate the process variables with the response variable studied, i.e., to predicted the value of
the response variable (degree of organoleptic defect removed) as a function of deodorization
conditions. Then, in a second stage, the steepest ascent method was applied to establish optimal
conditions for VOO deodorization processes. Optimal deodorization conditions were selected as
those for which all undesirable organoleptic properties were entirely removed. For each
experiment carried out during optimization, a double sensory evaluation was performed: the first
one served to determine the percentage of defect removed immediately after deodorization was
completed, and the second one to assess oil stability over time.
The optimally deodorized lampante oil obtained was subsequently used to generate
adulterated blends with both a recently harvested (fresh) EVOO (arbequina) and a two-year-old
EVOO (oliberus) in the range 0-50%. All adulterated EVOO samples thus prepared were
submitted to the regulatory analyses required: acidity, peroxide value, UV spectrophotometric
measurements and organoleptic evaluation [2-3]. A detailed analysis of the values obtained for
the various quality and purity parameters assessed in the set of EVOO adulterated with
deodorized VOO allowed to verify that these fraudulent oils were able to evade their detection in
all the adulteration range studied, although they were not able to preserve their stability over time.
The results of this study confirmed the need for developing and validating new analytical
methodologies capable of efficiently detecting and quantifying these adulterations in routine
controls at any point of the complex food chain in order to avoid the sale and consumption of
products of inferior quality to the one declared.
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In this study, an untargeted Fourier transformed infrared spectroscopy (FTIR) metabolomic
approach coupled with chemometric techniques was used to differentiate blood plasma samples
from individuals with Metabolic Syndrome (MetS). MetS is is a multimorbid long-term condition
defined by a set of concomitant metabolic and vascular abnormalities [1]. Several treatments for
virological diseases such as human immunodeficiency virus (HIV) and Hepatitis C virus (HCV)
cause an overlap in the same indicators that define MetS [2]. Therefore, the segregation of
patients with viral load (MetS positive from MetS negative) is of particular clinical importance since
accurate diagnosis can be challenging, but it is indispensable for suitable medication.
Thus, the aim of this study was based on the development of a chemometric strategy capable of
extrapolating the most significant IR signatures with sufficient predictive power.
Two chemometric techniques were used to classify MetS, and no MetS, selecting spectra
variables that led to optimal classification. The recognition ability (97.18%) and external prediction
(100%) values found after the SELECT-SIMCA model at the fingerprint region were remarkable,
considering very subtle spectral differences seen between MetS and no MetS. In addition, only
nine variables were selected as the most significant contributors to classification. In comparison,
the SELECT-LDA strategy within 20 selected variables achieved 100% sensitivity and specificity.
Thus, the extracted metabolic signatures could be predictive of future MetS development and
could be used as input features for the disease's description, screening, or diagnosis.
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PLASMONIC BIOSENSORS FOR NON-INVASIVE DETECTION OF SARSCOV-2 ANTIGENS TRAPPED IN SURGICAL FACE MASKS
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…
Detecting SARS-CoV-2 antigens in respiratory tract samples has become a widespread method
for screening new SARS-CoV-2 infections. This requires a nasopharyngeal swab performed by a
trained healthcare worker, which puts strain on saturated healthcare services. In this manuscript
we describe a new approach for non-invasive COVID-19 diagnosis. It consists of using mobile
biosensors for detecting viral antigens trapped in surgical face masks worn by patients. The
biosensors are made of filter paper containing a nanoparticle reservoir. The nanoparticles transfer
from the biosensor to the mask on contact, where they generate colorimetric signals that are
quantified with a smartphone app. Sample collection requires wearing a surgical mask for 30 min,
and the total assay time is shorter than 10 min. When tested in a cohort of 27 patients with mild
or no symptoms, an area under the receiving operating curve (AUROC) of 0.99 was obtained
(96.2 % sensitivity and 100 % specificity). Serial measurements revealed a high sensitivity and
specificity when masks were worn up to 6 days after diagnosis. Surgical face masks are
inexpensive and widely available, which makes this approach easy to implement anywhere. The
excellent sensitivity, even when tested with asymptomatic patient samples, along with the mobile
detection scheme and non-invasive sampling procedure, makes this biosensor design ideal for
mass screening.

Figure 1: Schematic representation of non-invasive detection of SARS-CoV-2 antigens
entrapped in surgical face masks(1).
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PLASMONIC SENSOR FOR HYDROGEN SULPHIDE IN SALIVA:
MULTISENSOR PLATFORM AND BAG FORMAT
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In recent years, there is a growing demand for optical sensors given their analytical properties,
and the possibility of implementation in situ. Among all the types of optical sensors, plasmonic
sensors have aroused great interest in the scientific community [1]. In this work, the ability of a
plasmonic sensor based on silver nanoparticles (AgNPs) retained on a nylon surface (Figure 1)
is studied to determine hydrogen sulfide, which can be an indicator of the oral diseases [2]. This
compound produces a color change of the sensor from yellow to brown directly related to its
concentration. AgNPs sensor response is evaluated in different two assay formats such as bag
(Figure 1.A) or well microplates (Figure 1.B). The figures of merits of both methodologies have
been obtained and compared. Finally, the sensor is applied to quantify sulfide in twenty-one saliva
and concentrations ranged from 30 µ L-1 to 900 µ L-1. Besides that, in this approach the RGB
coordinates from imagens have been used as analytical signal too. The results achieved have
demonstrated that the sensor and the methodology applied provide good selectivity, sensibility,
rapidity and non-invasive and it can be used as indirect method to measure problems in the oral
cavity.

(A)

(B)

Figure 1. AgNPs sensors used in bag (A) and well microplate (B) format.
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POTENTIAL OF ION MOBILITY SEPARATION IN IMPROVING GC-HRMS
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The coupling of ion mobility separation to high resolution mass spectrometry (IMS-HRMS)
is an advance tool for wide-scope screening of a large number of organic contaminants and
residues in different applied fields [1]. IMS-HRMS can be used in combination with Gas
Chromatography (GC) with atmospheric pressure chemical ionization (APCI) source allowing to
notably improve the reliability of (tentative) identifications in the monitoring of (semi)volatile
compounds in complex matrices. The soft ionization promoted by APCI source designed for GC
preserves the molecular and/or quasi molecular ion in mass spectra enabling an efficient, rapid
and sensitive wide-scope screening. In addition, IMS allows separating species of interest from
co-eluting matrix interferences and/or resolve isomers based on their charge, shape and size.
The drift time (DT)-derived collision cross section (CCS) is a robust and matrix-independent
parameter, comparable between instruments, of great help in the process of (tentative)
identification of compounds detected in samples [2].
In this work, mobility data for 264 GC-amenable compounds have been collected to build
a CCS database, which has been applied to the screening of complex-matrix samples, such as
fish feed, surface waters and fruits and vegetables. The home-made library contained pesticides,
PAHs, PCBs, flame retardants (brominated and phosphonated), and emerging contaminants,
such as insect repellents, musks and UV-filters. Experimental CCS values for molecular ions
and/or protonated molecules and in-source fragments were included.
Selected examples are used to illustrate the benefits of including IMS in GC-ACPI-QTOF
MS screening methodologies: a) The IMS DT alignment (±0.2ms) led to much cleaner spectra in
comparison with the conventional HRMS spectra when using data-independent acquisition mode,
increasing the reliability of the analyte identification; b) The possibility to obtain independent
fragmentation spectra at High Energy (HE) by IMS DT-alignment for different “precursor” ions in
the Low Energy (LE) spectra (e.g. M+• and [M+H]+) when CCS differences between both ionized
species is significant (e.g. > 2%); thus, if the protonated molecule and the molecular ion are
obtained simultaneously, it would be possible their differentiation as a function of their mobility,
obtaining CCS and fragmentation information for each specie and increasing confidence on
compound identification; c) the inclusion of CCS deviation (e.g. < 2%) into the identification criteria
is an extra value to enhance the confidence in the identification; this is particularly interesting in
those cases when the mass accuracy criterion (mass error < 5 ppm) is not accomplished for the
fragment ion.
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POLYPHENOLS. BIOACTIVE PROFILE BY UHPLC-ORBITRAP-MS/MS
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The consumption of natural antioxidant and functional foods is associated with numerous
beneficial health effects and prevention of major diseases in our society (i.e., cardiovascular
diseases, diabetes, cancer, Parkinson) [1]. This health awareness has fostered the market for
natural bioactive compounds, which have experienced a substantial growth projected to reach
EUR 45.34 billion by 2024 [2]. The stated health effects of bioactive compounds such as
polyphenols and their effect on the quality of food (if used as fortifying food), calls for a complete
characterization of the bioactive profile in alternative sources such as food byproducts [3]. In this
context, the objective of this study was to determine the potential of tomato pomace (TP) as
alternative source of bioactive compounds and proteins. The protein content and amino acid
composition were determined. The bioactive molecules from TP were extracted to assess both
the extractable (EPF) and non-extractable (NEPF) compounds. The impact of oven-drying (OD)
treatment in the bioactive profile and the antioxidant activities was also evaluated. Analysis of the
main components of the extracts (polyphenols) was conducted using UHPLC-Orbitrap mass
spectrometry.
Results showed that TP presented a relatively high protein content (17-18%). In terms of its
bioactive profile, TP was rich in hydrolysable tannins and other phenolics linked to proteins and
dietary fibre (NEPF, 15.9 mg eq GA/g DW). OD treatment reduced the antioxidant capacity, but
this effect was less evident in the NEPF fraction than EPF. Moreover, the relatively high protein
content of TP offers an interesting avenue for its revalorization that has been hardly explored.
The valorization of this food-byproduct could have a triple benefit since it could boost foodprocessing industries by diversifying their product portfolio, lower their environmental footprint, as
well as promote the health of consumers.
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Inflammatory bowel disease (IBD) primarily affects the intestine, resulting in incurable
chronic inflammation, and including Crohn's disease, ulcerative colitis and unclassified IBD. In
recent years, IBD has become a major concern for healthcare specialists due to the increasing
incidence in the population. So far, invasive tests such as endoscopy are used to diagnose the
disease and there is no known marker to avoid such invasive practices and speed up the
diagnostic process. For this reason, there is a need to find conclusive biomarkers in urine, plasma
or faeces for the detection of such diseases, and thus avoid invasive and painful practices and
their associated risks [1].
Pteridines are low molecular weight organic compounds, formed by fused pyrazine and pyrimidine
rings, and are divided into two groups according to their structural characteristics: pterines and
lumazines. The concentrations of these compounds in biological fluids have been shown to be
altered as a consequence of various pathophysiological processes (viral infections, chronic
diseases, autoimmune diseases and different types of cancer). Their direct association with a
variety of diseases has made them potential molecular biomarkers [2].
This study presents the development and validation of an analytical method for the determination
of ten pterins (pterin, 7,8-dihydroxanthopterin, 6,7-dimethylpterin, 6-hydroxymethylpterin,
leucopterin, 6-biopterin, 7,8-dihydro-L-biopterin, L-monapterin, D-(+)-neopterin and 7,8dihydroneopterin) and three lumazines (lumazine, 6-hydroxylumazine and 7-hydroxylumazine) in
urine samples. The samples were provided by the Hospital de Lorca and were stored at -20ºC.
For analysis, the samples were thawed, centrifuged for 5 min at 3000 rpm and filtered to remove
suspended particles. Finally, the pteridines were separated and identified by liquid
chromatography with electrospray ionisation quadrupole-time-of-flight mass spectrometry (LC-QTOF-MS). TOF-MS and TOF-MS/MS mass spectra were recorded in positive mode and
quantification was performed using the protonated molecule. Retention times between 5.1 and
13.2 min were found using a mobile phase composed of a 99:1 water:acetonitrile mixture
containing both phases 0.1 % (m/v) formic acid and a RP Amide C16 reverse phase column (15
cm x 4.6 mm, 5 µm) due to the high polarity of the analytes.The procedure was applied to the
analysis of urine and stool samples from healthy patients and those diagnosed with IBD. The
method was validated by evaluating linearity (0.5-1000 ng g-1), matrix effect, selectivity and
accuracy. The pteridine contents of each sample were normalised to the creatinine content.
Statistical treatment of the concentration values found in the samples could establish differences
between the contents found in each group of patients and thus be able to propose pteridines as
possible biomarkers of IBD.
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This work[1] presents an inmunoplatform design for the single and simultaneous
determination of two immunoglobulin (Ig) subtypes, specifically IgE and IgG4, considered as
reliable markers for the diagnosis and attenuation of food allergy specific to ovalbumin (OVA)[2]
(Fig. 1). The assay is based on the use of OVA-modified magnetic microbeads bioconjugates for
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IgE
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Fig. 1 Schematics for electrochemical immunoassay of the OVA-specific IgE and IgG4.
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Sandra Salido-Fortunaa, María Castro-Puyanaa,b and María Luisa Marinaa,b
a

Universidad de Alcalá. Departamento de Química Analítica, Química Física e Ingeniería
Química. Ctra. Madrid-Barcelona Km. 33.600, 28871 Alcalá de Henares (Madrid), Spain.

b

Universidad de Alcalá. Instituto de Investigación Química Andrés M. del Río. Ctra. MadridBarcelona Km. 33.600, 28871 Alcalá de Henares (Madrid), Spain.
e-mail: s.salido@uah.es

Keywords: electrokinetic chromatography, enantiomeric separation, cyclodextrin, indacaterol,
short-end injection
The enantiomers of a chiral drug may have different mechanisms of action,
pharmacodynamics, and pharmacokinetics. For this reason, chirality plays an important role in
the pharmaceutical and bioanalytical fields. Indacaterol is a new single enantiomer drug (R-IND)
indicated for the maintenance of bronchodilator treatment of airway obstruction in adult patients
with chronic obstructive pulmonary disease (COPD). R-IND is an inhaled corticosteroid of the
long-acting β2 agonist family [1, 2]. The development of chiral methodologies for the quality
control of enantiopure pharmaceutical formulations is required to accomplish with legal
regulations establishing the control of enantiomeric impurities. In this line, this research work was
focused on the development of a rapid analytical methodology by Electrokinetic Chromatography
(EKC) enabling the enantiomeric separation of RS-IND. A wide variety of cyclodextrins (CDs) was
tested as chiral selectors at pH 7.0 and pH 3.0. A high enantiomeric resolution was achieved
when carboxymethyl-α-cyclodextrin (CM-α-CD) was employed as chiral selector at pH 3.0 using
a formic acid buffer. Using this buffer, the effect of the pH was investigated in the range from 3.0
to 4.5 and a pH value of 4.0 was selected. Then, two Box-Behnken designs were achieved to
optimize CM-α-CD concentration, temperature, and applied voltage using a short-end injection
and long-end injection. The response variables in both cases were the enantiomeric resolution
and the migration time of R-IND. Short analysis times (less than 5 min) and good resolution values
were obtained using CM-α-CD in 50 mM formic buffer (pH 4.0) with a short-end injection. To
demonstrate the method suitability for the determination of IND enantiomers, the developed
methodology was validated in terms of linearity, precision, accuracy, selectivity, LODs, and LOQs.
Also, the developed method was applied to carry out the quality control of R-IND-based
pharmaceutical formulations.
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Both indium and gallium are elements that have become highly valued in recent years as
a result of their increasing application in the field of electronics. Their abundances in the earth's
crust are not as scarce as some might mistakenly assume, as they are similar to those of silver
and lead. Their price is influenced by the fact that they are not obtained directly, as the ores
containing them do not give rise to deposits of sufficient extent, as is the case with other elements.
On the contrary, they are found in very low proportions in the main zinc (sphalerite) and aluminium
(bauxite) ores and are therefore obtained as by-products in the metallurgy of these elements. This
indirect way of obtaining them, and their high demand in a wide range of electronic applications,
including their use in thin-film transistors and liquid crystal displays (TFT-LCDs), has greatly
increased the interest in the possible recovery and recycling of the wastes obtained, as in this
way we have a secondary source to face the scarcity of natural resources. The quantities of these
wastes are high and, although toxicity is relatively low, they could pose a risk for human health.
It should be noted, for example, that gallium arsenide is an essential component in modern
smartphones which are discarded in large amounts every year.
In this communication, we present the results of a study on the separation of small
quantities of these elements that can be useful from a double perspective, namely, the recovery
for recycling mentioned above and the analytical one involving very low concentrations. In
contrast to other separation/determination procedures based on ion exchange, precipitation or
extraction with organic solvents, the procedure was focused to take advantage of magnetic
material separations and with the use of a very low cost material that could be utilised from the
double perspective indicated. Ferrite and various composites obtained by mixing it with
microcrystalline cellulose were tested as the sorbent solids. Pure, unmixed ferrite proved to be
the best solid product for the purpose. Both Ga(III) and In(III) were quantitatively retained at pH
close to 8 which is achieved by addition of a carbonate buffer solution. After retention, the solid
phase was separated by means of a magnet, as usual in this type of procedures. Data on the
retention process, including Freundlich and Langmuir isotherms, are provided. Gallium (III) was
released from the solid using a strongly alkaline medium, while the best eluent for In(III) was a
slightly acidic EDTA solution. For analytical purposes, only 2 mg ferrite were used for a 10 ml
volume of aqueous sample, which led to an enrichment of the analyte by 160 times in the final
liquid solution. The determination in this solution can be carried out using electrothermal
atomization atomic absorption spectrometry (ETAAS). All details for the separation and final
measurement by ETAAS are provided. Results obtained for samples of used LCD-TFT displays
are also given.
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.
The incorporation of antimicrobial agents in food packaging prevents the growth of pathogenic
and/or spoilage microorganisms and can therefore extend the shelf-life of food products. Triclosan
(2,4,4′-trichloro-2′-hydroxydiphenyl ether, TCS) has been widely used as an antimicrobial additive
in food storage containers and kitchen utensils, commonly marketed under the trademark
Microban® [1]. However, there is growing concern about the adverse effects of TCS on human
health, such as endocrine disruption, promotion of liver tumours and antibiotic resistance, among
others and in the environment. For this reason, antimicrobial food packaging incorporating TCS
was banned in the European Union in 2010, while in other countries, regulations on the use of
TCS in food contact materials are unclear.
This work has investigated compliance with the EU ban on TCS in commercial antibacterial and
polypropylene food containers sold through online sales platforms. All the containers tested lack
information on the type of antimicrobial additive used, but in all of them the presence of TCS was
confirmed by capillary-LC-ESI-MS and its quantification was carried out after dissolutionprecipitation/extraction procedure with chloroform and subsequent HPLC-UV analysis. The
nature of the food packages polymers was evaluated by ATR-FTIR, being isotactic polypropylene
homopolymer for all of them.
TCS migration studies were carried out in accordance with EU Regulation 10/2011 contemplating
as food simulants 10% (v/v) ethanol, 3% (v/v) acetic acid and 95% (v/v) ethanol, representing
aqueous, hydrophilic, acidic and lipophilic food, respectively; in addition to ultrapure water; under
accelerated tests at 70 ºC/2 h, but also migration tests at 20 ºC/10 days and 40 ºC/10 days, which
represent food in frozen and refrigerated conditions and long term storage at room temperature
or below, or with a short warm-up, respectively. Therefore, the influence of test conditions (e.g.,
food simulants, temperature, duration of contact, repeated use and microwave heating) were
evaluated. The highest levels of TCS migration were observed for 95% ethanol at 40 ºC for 10
days (0.25-1.0 mg dm-2), although migration rates varied between different containers. Microwave
heating migration tests were carried out on a domestic apparatus at 700 W for 2 min, to simulate
standard microwave heating conditions, using 95% ethanol as food simulant in tightly closed
PTFE vessels, resulting in TCS migration values two to three times lower than those obtained
during conventional heating.
Repeated–use migration tests demonstrated significant TCS release even after four cycles, for
both oven and microwave heating conditions.
In addition, the potential release of microplastic from the containers during migration studies was
investigated by SEM-EDX. Microplastics (8-45 µm) containing TCS were found both for
microwave and oven heating. Therefore, microplastics might enter food in contact with the
containers upon their use, posing a potential health risk for consumers.
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The National Nanotechnology Initiative (NNI) by the U.S. Government in 2000 set a
precedent for nanotechnology innovation worldwide. Nanoparticles (NPs) are currently widely
used in various areas and are of significant scientific interest, owing to their unique properties as
well as their novelty. Titanium dioxide nanoparticles (TiO2NPs) can be found in a variety of
products including cosmetics, food industry products and paints, and are applied in photocatalytic
processes[1] whereas silver nanoparticles (AgNPs) are extensively used in medicine, healthcare
products, the food industry and cosmetics, among others[3].
The current use of NPs in many industrial sectors has led to a growing concern about the
toxicity of these emerging materials to humans. In fact, they have been included in lists of new
emerging pollutants[2]. Therefore, NP assessment in environmental matrices and biological fluids
is becoming an important topic and the development of reliable quantification and characterization
analytical methods is needed. The presence of NPs in urine can be expected because of the
bioavailability and assimilation of these entities by the organism, although in low levels (basal
levels). As a result, specific considerations must be taken into account during sample
pretreatment and determination processes.
In this communication, a new strategy coupling surfactant assisted dispersive liquid liquid
microextraction (SA-DLLME) with single-particle inductively coupled plasma mass spectrometry
(SP-ICP-MS) for the selective extraction of TiO2 and AgNPs from urine samples is proposed. The
main experimental parameters affecting the efficiency of the extraction process -namely volume
of surfactant/extractant (49:1) mixture, time and speed of vortex and time and speed of
centrifugation were comprehensively investigated. Optimal conditions can be summarized as
follows: 1.0 mL of surfactant/extractant mixture, 30 s vortex time at 2000 rpm and a final 10 min
at 3500 rpm centrifugation step. The developed procedure was further validated (limit of detection
and quantification, analytical recovery and precision) and applied to real urine samples.
The operational simplicity, low cost and less consumption of organic solvents make
SADLLME a greener choice compared to classical liquid-liquid extraction techniques.
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Glyphosate is the most intensively used herbicide worldwide in agricultural, urban and
domestic activities. Its intensive use in agriculture has caused global contamination that can affect
the water, soil, or food samples.
In this work, we have developed a label-free electrochemiluminescence (ECL)
immunosensor based on the use of anti-glyphosate-antibody-modified magnetic particles for
glyphosate determination. ECL intensity is greatly enhanced by a la carte synthesized nitrogendoped carbon nanodots covalently bonded to screen-printed carbon electrodes through an
electrografting process. Magnetic bioconjugates were captured on the carbon nanodots modified
electrodes to obtain the ECL signal in the presence of [Ru(bpy)3]2+. The method is fast, selective
and sensitive. It can be used for in situ monitoring glyphosate in different matrixes. The obtained
results were validated by comparison with an ELISA assay kit.
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Analytical techniques with high sensitivity and selectivity are fundamental to the
quantitative analysis of clinical samples. Liquid chromatography (LC) coupled to tandem mass
spectrometry (MS/MS) is the gold standard in clinical chemistry. However, tandem mass
spectrometers come at high capital expenditure and maintenance costs. Recent studies show
that enhanced in-source fragmentation/annotation (EISA) using a much simpler single MS
detector displays comparable analytical characteristics when compared to MS/MS analysis[1,2].
DL-2-hydroxyglutarate (DL-2-HG) is a chiral molecule whose D-enantiomer is considered
as an “oncometabolite”, characteristic to cancers associated with mutated isocitrate
dehydrogenases 1 or 2 (IDH1/2) enzymes. Moreover, both enantiomers of 2-HG buildup in body
fluids as a consequence of 2-hydroxyglutaric aciduria-related diseases causing severe brain
damage[3]. Due to its clinical relevance, it is of importance to have an analytical strategy that
enables for the sensitive and selective quantification of both enantiomers in biological specimens.
Here, we developed and validated an UPLC-EISA-TOF strategy to quantify DL-2-HG in a
wide variety of biological samples of clinical interest. To enable the chiral separation of 2-HG
enantiomers, a previous derivatization step with diacetyl-L-tartaric anhydride was necessary to
obtain the diastereomers[4] that are subsequently separated on an achiral C18 column. In order
to improve the separation, different columns, mobile phases and column temperature were
evaluated. Moreover, the EISA method was optimized by testing different MS-parameters
important to the employed in-source fragmentation process. Reproducible results were obtained
when scaling this method on a single quadrupole, highlighting the strong potential of this strategy.
Finally, the UPLC-EISA-TOF method was further validated for the analysis of DL-2-HG in cells,
fetal calf serum, and human serum, plasma, and urine. In addition, we benchmarked our TOFMS results against a simple single quadrupole system and found highly comparable results. High
amounts of D-2-HG were found in IDH1 mutant cell lines and human serum samples from acute
myeloid leukemia patients. In summary, our results show great progress for the broad and lowcost application of EISA-MS in clinical practice and diagnosis.
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Rice is a basic cereal in common diet worldwide, however this foodstuff is frequently
contaminated with aflatoxins, that are highly toxic and are strongly involved on hepatic cancer
development [1]. In this work, different extraction and clean-up methods were evaluated for the
simultaneous extraction and clean-up of aflatoxins B1, B2, G1 and G2 from rice. Nine rice
samples from different origin (Spain, Italy, Pakistan, Thailand, and India), varieties (round, long,
Basmati and Thai) and specific characteristics (white and brown), some of them from organic
cultivation, acquired in Spanish supermarkets were analysed. Best results were obtained by using
methanol - water (80:20, v/v) solution as extractant followed by using immunoaffinity columns for
clean-up. Method validation was performed with LC-MS/MS. Optimized method yielded
recoveries of 86-92% for all aflatoxins with standard deviations between 5-11%. LOD ranged
between 0.09 and 0.32 µg/kg, and LOQ between 0.31-1.06 µg/kg, below the restrictive limits
established by European Regulation (i.e. 2 µg/kg for each aflatoxin and 4 µg/kg for total aflatoxins
[2]). From all analysed samples, two basmati samples from the same batch aflatoxin B1 was
detected at a concentration level of 1.62 ± 0.08 µg/kg and 0.77 ± 0.03 µg/kg, respectively. Both
concentrations are lower than the levels established by European Regulation for aflatoxin B1 in
cereals, indicating moderate exposure in the population, with no risks for human health. Finally,
the method optimized in this work based on the use of IAC is a feasible and valid alternative for
the simultaneous determination of aflatoxins B1, B2, G1, G2 in different types of rice.
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SMARTPHONE-BASED QUANTITATIVE IMMUNOSENSOR FOR
ULTRASENSITIVE POINT-OF-CARE BIOMARKER DETECTION:
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Nowadays, one of the major goals in medicine is the identification and quantification of
biomarkers, which are key pieces for the study of biological processes. Many of them are found
in very low levels of concentration in biological medias, hence there is a high demand for
ultrasensitive approaches to detect these biomarkers. Among them, Prostate Specific Antigen
(PSA) is a widely studied biomarker of prostate cancer that can be also secreted by breast and
ovary. This makes PSA a potential biomarker for early diagnosis of breast or ovary cancer.
However, it can be found that PSA concentrations in women serum are on the order of pg/mL,
being these levels often lower than the Limit of Detection of many clinical methods[1]. That is why
there is an urgent need for developing methodologies able to perform ultrasensitive detection and
monitor disease biomarkers at such low concentration levels. Focusing efforts on easy to use and
low-cost procedures.
To achieve this objective, the first step was to improve immunoassay sensitivity by using
gold nanoparticles (AuNPs) as catalytic tags to carry out an amplification through selective silver
electrodeposition[2]. Sensitivity was improved through controlled silver electrodeposition on the
surface of GNPs amplifying the size of the nanoparticles from nm to µm. The immunoassay was
carried out on ITO (Indium Tin Oxide) coated PET, a material used in the optoelectronic research
field. Amplification was carried out applying a fixed optimized potential, at which silver ions were
reduced exclusively on the GNPs surface, enhancing its size.
Due to such an amplification procedure, the quantification of biomarkers can be carried out
in different ways (elemental, electrochemical and optical detection). For this approach, optical
detection has been carried out using a common smartphone coupled with magnifying lenses,
directly on the immunoassay plates providing a low limit of detection of approximately 200 fg/mL,
achieving required sensitivity to detect biomarkers at this concentration levels for early diagnosis
and monitor eventual recurrence after clinical treatments. Moreover, to assess the high specificity
of the immunoassay, serum of healthy woman was analyzed, before and after spiking with known
concentrations of PSA. Results showed recoveries around 80%, without interfering effects of
other proteins or serum compounds.
Acknowledgements
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Titanium dioxide nanoparticles (TiO2NPs) can end up in the marine environment due to
their wide variety of applications in the industry and consumer products. Then, TiO2NPs can be
assimilated and bioaccumulated by the marine biota.
In this study, farmed turbot (Scophthalmus maximus) was exposed to different sizes of
citrate coated-TiO2NPs (25 and 5 nm) to evaluate their potential bioaccumulation in fish. To
perform the assay, juvenile turbots were fed with animal feed spiked to provide 0, 0.25, 0.75 and
1.5 mg Kg-1 per fish and day of TiO2NPs. Experiments were performed in triplicate, and the
samples were taken every 15 days for three months. The total titanium and TiO2NPs content were
determined in the liver, kidney, flesh, skin and the faeces of the dissected animals.
Total titanium was determined using a microwave acid digestion with HNO3 69 % (v/v),
H2O2 33% (v/v), and ultrapure water, before Inductively Coupled Plasma-Mass Spectrometry
(ICP-MS) analysis. TiO2NPs were isolated from the turbot matrix using an enzymatic extraction
with a pancreatin: lipase mixture, before Single-Particle-ICP-MS (SP-ICP-MS) analysis [1].
Analytical features of the methods were also evaluated. For total titanium determination,
the limits of detection (LOD) and quantification (LOQ) were 7.3, and 24.4 ng g-1, and the
repeatability in the measurements was lower than 7%, expressed as RSD (%). The analytical
recovery was quantitative (103±10%). For the TiO2NPs analysis, the LODnumber was 2.7×106 part
g-1, and the LODsize was 42 nm (5σ criterion).
Both methods were applied to total titanium and TiO2NPs determination in the turbot
bioaccumulation assay. Although total titanium was not found in the kidney, flesh, and skin, it was
present in the liver after exposure to nanoparticles of both sizes (25 and 5 nm). Furthermore, for
both kinds of particles, the total titanium content increased in the faeces with the exposure time
and equivalent dose. TiO2NPs content could not be detected in the liver and faeces (<LODsize).
These results show that turbot is safe for human consumption considering that titanium is only
present in the liver (non-edible part) and is excreted through the faeces.
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SUCCESSIVE EXTRACTION USING DEEP EUTECTIC SOLVENTS AND
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During food processing, wastes such as seeds, pomace, or peels are generated, and they
often contain valuable compounds (polyphenols and/or proteins, among others). Pomegranate
seeds contain high amount of lipids, polyphenols, and proteins. While lipidic and phenolic parts
have already been explored [1], no effort has been made to address the extraction of proteins.
However, traditional methods for the extraction of proteins usually require the use of polluting
reagents and solvents [2]. In this work, we propose methodologies based on pressurized liquids
(PLE), and green solvents as deep eutectic solvents (DES), for the recovery of proteins and
peptides from pomegranate seeds.
After an initial screening of nine different DES, the one constituted by choline chloride, acetic acid,
and 35 % water (v/v) was selected for its best performance. Protein recovery was optimized,
reaching 13.3 ± 0.4 g protein/100g seed under best conditions. Proteins remaining in the pellet
after extraction with DES were recovered using PLE. After the application of the second step, the
amount of proteins obtained raised up to 25.8 ± 0.2 g protein/100g seed. Simulated
gastrointestinal digestion (GID) was carried out for the release of peptides, and obtained
pomegranate seed extracts were characterized by the evaluation of their antioxidant capacity and
the identification of the peptides by UHPLC-MS/MS. Released peptides greatly contributed to the
antioxidant activity measured by ABTS and hydroxyl radical assays. MS/MS allowed to identify
23 peptides in DES hydrolysate (19 by de novo analysis and 4 by database searching in Punica
granatum) and 20 more peptides (16 by de novo analysis and 4 by database searching in Punica
granatum) in the PLE hydrolysate. Differences between peptides observed in both hydrolysates
confirmed the different selectivity of both strategies and the potential of DES for the extraction of
large proteins and PLE for the extraction of smaller proteins. Additionally, 11 and 9 polyphenols
were also identified in DES and PLE hydrolysates, respectively.
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Nowadays there is an emerging nourishment trend based in the development of different
nanoencapsulation systems with the aim of increasing stability and bioavailability of many
relevant bioactives. Among different strategies, it should be highlighted the synthesis of
nanoemulsions (NEs) using low-energy methods, mainly because of its easier implementation
and required inexpensive equipment, leading to the generation of nanoscale emulsion droplets.
So far the phase inversion temperature method (PIT) has been widely used for preparing smaller
diameter nanoemulsions with low polydispersity index [1].
Quercetin (Q) is one of the most common dietary flavonoids, becoming the object of novel
research lines due to its undeniable advantages in the field of health as cancer prevention and
treatment, but its hydrophobicity, low stability and cellular bioavailability has limited its
implementation as nutraceutical in food applications [2].
Taking in mind all the above-mentioned reasons, it has been addressed a
nanoencapsulation strategy of this flavonoid as NEs using the PIT method. After a detailed
optimization procedure attending to the obtained EE (encapsulation efficiency), PdI
(polydispersity index) and droplet size results, the suitable final composition (expressed as
mass/mass percentage) for Q-NEs was 10% miglyol 812, 0.25% quercetin, 0.55% ethanol, 7.5%
surfactant mixture (7.4% Tween 80 and 0.1% soy lecithin) and 81.7% aqueous phase (pH = 5.9,
MES 10 mM). Physic-chemical and nanostructural characterization were carried out by DLS, UVVis and Raman spectroscopies, Scanning Electron Microscopy (SEM) and Confocal Laser
Scanning Microscopy (CLSM) techniques. By DLS, it was obtained a Q-NEs nanoparticle
diameter of 10.41 ± 1.08 nm (n=3). The UV-Vis spectra obtained for free quercetin shows the
typical absorption bands at 256 and 376 nm. The absorption spectra of Q-NEs provide two bands
at 229 and 376 nm, which allowed us to discriminate between free quercetin and Q-NEs.
Encapsulation efficiency of Q-NEs was determined by UV-Vis spectroscopy being of 99.6%. The
Raman spectra of Q-NEs shows a typical band at 1628 cm-1 whereas when it is unencapsulated,
only a wider band appears at 1616 cm-1. SEM and CLSM techniques reported spherical shape
droplets morphology.
Finally, this research was implemented to perform the analytical characterization of
commercial nutraceutical supplements containing native encapsulated quercetin, declared as
nanometric formulations.
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In the last years, the outstanding optical properties of transition metal dichalcogenides
quantum dots have gained great importance. Unlike the well-known 2D materials, quantum dots
(0D) present intrinsic fluorescence which renders them materials of great interest for the
development of new optical sensors [1].
These quantum dots have been used for developing analytical methodologies usually in
solution, based on the fluorescence properties inhibition. In this work MoS2 quantum dots (0DMoS2) have been synthesized by bottom-up and top-down methodologies. The modification of
quartz surfaces with polymeric matrices that incorporate these nanomaterials enables its use for
the development of sensor platforms for the determination of food colorants, present in many
foods and which have been associated with several health problems (children hyperactivity,
cancer, allergies, asthma, anxiety, etc) [2].
All colorants tested (tartrazine, sunset yellow, quinoline yellow, carmoisine, ponceau 4R
and allura red) show the ability to inhibit the 0D-MoS2 fluorescence in solution. This ability varies
with the synthesis method applied and the colorant nature. Thus, tartrazine proved to have the
highest inhibition capacity for the quantum dots obtained by the top-down method, while for the
bottom-up quantum dots quinoline yellow renders the highest inhibition. In both cases, it has been
verified that the ability to inhibit fluorescence is maintained when using on-surface sensor
platforms, though it is higher for quantum dots synthesized by the bottom-up method from the
corresponding precursors.
These results open-up possibilities for a new generation of on-surface optical sensors
which could be applied for in situ sample analysis.
[1] Y. Guo, J. Li Materials Science & Engineering C. 2020, 109, 110511
[2] E. Blanco, L. Hristova et al. Sensors and Actuators: B. Chemical. 2020, 324, 128731
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SYNTHESIS OF MOLECULARLY IMPRINTED MICROMOTORS FOR αBUNGAROTOXIN DETECTION
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In this communication we describe the synthesis of molecularly imprinted polymer-based (MIPs)
tubular micromotors for the detection of the snake venom α-Bungarotoxin (α-Btx). Micromotors
can self-propel in solution by catalytic decomposition of hydrogen peroxide in an inner platinum
nanoparticles catalytic layer, generating oxygen bubbles in the presence of a surfactant. Thus,
an improved fluid mixing is produced, resulting in improved analytical performance.[1]
The micromotors were prepared using the membrane electrodeposition technique. A membrane
template is incubated with α-Btx, followed by the electrodeposition of a first polymeric poly (3,4ethylenedioxythiophene) (PEDOT) layer, an intermediate Ni nanoparticles layer and the third
platinum nanoparticles layer.[2] After releasing and washing of the micromotors from the
membrane the α-Btx trapped in the outer PEDOT layer is released into the medium, providing
thus the micromotor with "molecular recognition" sites.
The detection principle is based on the measurement of the fluorescence intensity of the MIPs
after its autonomous movement in solutions containing increasing concentrations of α-Btx labelled
with tetramethylrhodamine with an optical microscope. A response time of 20 s was obtained
using the surfactant polyethylene glycol; with a linear range between 1.2 and 15 µg/mL of α-Btx.
Precision, selectivity (with 3 different analytes) and detection in real fortified serum and urine
samples were carried out with excellent results.

Keywords: Molecular imprint, polymers, micromotors, toxin and fluorescence.
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STAPHYLOCOCCUS AUREUS USING IMMUNOCHEMICAL TECHNIQUES
Carla Ferreroa,b, Enrique Jose Montagut Cañetea,b, Nerea Castroa,b ,Nuria Pascuala,b, Miriam
Royo b,c, Gerardo Acosta b,d, Fernando Albericio b,d,e , Alicia Lacoma f,g, Cristina Prat f,g,h, J.Pablo Salvadora,b and M.-Pilar Marco a,b
a

Instituto de Química Avanzada de Cataluña (IQAC-CSIC) - Barcelona (Spain), bConsorcio
Centro de Investigación Biomédica en Red de Bioingeniería, Biomateriales y Nanomedicina
(CIBER-BBN) - Barcelona (Spain), cMultivalent systems for Nanomedicine (NS4N) Institute for
Advanced Chemistry of Catalonia (IQAC) of the Spanish Council for Scientific Research (CSIC)
-Barcelona (Spain), dDepartment of Organic Chemistry, University of Barcelona – Barcelona
(Spain), eSchool of Chemistry and Physics, University of KwaZulu-Natal - Durban (South Africa),
f
Hospital Universitari Germans Trias i Pujol. Institut Germans Trias i Pujol - Badalona (Spain),
g
Centro de Investigación Biomédica en Red de Enfermedades Respiratorias (CIBERES) Badalona (Spain), hJulius Center for Health Sciences and Primary Care, University Medical
Center Utrecht, Utrecht University - Ultrech (Netherlands)
e-mail: jpablo.salvador@iqac.csic.es
Keywords: autoinducer peptide, quorum sensing, S. aureus, antibody, ELISA
Background Staphylococcus aureus is one of the leading causes both of healthcareassociated and community-acquired infections. Numerous investigations have focused their
efforts on the search for new reliable diagnostic techniques that notably reduce the time of
diagnosis. Current standard diagnostic procedures are based on microbial identification by culture
plates, which require up to 72h. Quorum-sensing (QS) is a cell-to-cell communication process
based on the release and sensing of low molecular weight chemical signals, called autoinducers
(AIs)[1]. In S. aureus, these molecules correspond to cyclic thiolactone autoinducing peptides
(AIPs I-IV), which control its own biosynthesis and modulate the genetic expression of virulence
factors and survival mechanisms[2]. In this work, we show the production of antibodies for
different AIPs and the development of the corresponding ELISAs for the analysis of clinical
isolates and biological samples.
Methods Antibodies against AIP-1, AIP-3 and AIP-4 have been produced and a competitive
indirect microplate-based ELISA assay has been developed and implemented to the analysis of
clinical isolates and biological samples. The ability of the produced mAbs to detect AIPs has been
evaluated in cultured clinical isolates belonging to patients infected by different agr strains.
Results The ELISAs developed show limits of detection (LODs) in the low-nM range, which
is lower than the concentration of these molecules in culture broth samples. AIPs can easily be
detected in culture broth samples were clinical isolates have been growth after a short incubation
period. The specificity of these immunochemical methods in respect to each of the AIPs is very
good. Moreover, the ELISAs show high-throughput screening capabilities, are robust and easy to
perform and provide accurate results in less than 2 hours.
Conclusions The present study reveals the potential of AIPs as biomarkers of S. aureus
infections, providing relevant information about the status of the disease. The diagnostic tool here
developed could provide more efficient and rapid diagnosis comparing to current standard
procedures, which can help to clinicians in the decision making process. The specificity profile
towards the different AIPs points to the possibility of using the technologies here reported not only
for diagnostic purposes but also on phenotyping studies.
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For some years now, different antioxidants have been used as food additives, such as
butylhydroxytoluene (BTH), with the aim of preventing oxidative spoilage processes and
prolonging the shelf life of foodstuff. Nevertheless, public awareness about related health
problems has increased the demand for natural antioxidant additives to ensure food safety. In this
regard, polyphenols - naturally occurring plant-derived metabolites - have been explored as new
functional food preservatives. It is widely accepted that these phytochemicals are potent
antioxidants with bioactive properties, such as neuroprotective or anticarcinogenic activity, mainly
attributed to their ability to mitigate or prevent oxidative stress. Hence, polyphenol-rich
horticultural residues such as winery bio-residues, are being examined due to their worldwide
disposal and high occurrence of phenolic compounds[1-2]. At the other end of the spectrum, recent
trends in extraction, a crucial step for polyphenol recovery, have focused on the search for more
efficient and green approaches that minimise extraction time and solvent consumption, while
avoiding analyte degradation and increasing both specify and selectivity. Therefore, matrix solidphase dispersion extraction (MSPD) has been proposed as a simple, effective and versatile
technique for their recovery[3].
In this line, this study aims at the valorisation of grape seed residues by establishing a
MSPD procedure to obtain valuable polyphenol extracts, evaluating their antioxidant and
neuroprotective properties, the former slightly explored in waste bioresources. Moreover, this is
combined with their characterisation by capillary liquid chromatography coupled to a diode array
detector and a quadrupole mass analyser (cLC-DAD-MS). In this approach, the optimal MSPD
extraction conditions were defined using a factorial experimental design and a response surface
methodology to maximise the recovery of phenolic compounds. In vitro antioxidant activity was
assessed by thiobarbituric reactive substances (TBARS) assay, together with total antioxidant
activity and DPPH radical scavenging activity. In addition, the anti-amyloidogenic potential, i.e.,
inhibition of Aβ42 protein aggregation, which happens to be one of the hallmarks of Alzheimer's
diseases, was evaluated by Transmission Electron Microscopy (TEM). As for the results obtained,
gallic, dihydroxybenzoic, p-coumaric acid and trans-ferulic acid, narangin, resveratrol, quercetin
and kaempferol were quantified between 2.1 µg·g-1 and 295 µg·g-1. Furthermore, the potent
inhibition of TBARS (IC50 = 0.238 ± 0.003 ng·g-1), together with the reduction of Aβ42 aggregation
and fibril width by up to 54.8%, suggested that this winery by-product could be used as a
polyphenol-enriched functional and technological ingredient with potential applicability in the food
industry.
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Fruits and vegetables are a good source of phytochemical and bioactive compounds, like
volatiles, which have highly beneficial properties in relation to human health and the prevention
of certain degenerative diseases [1]. In this sense, edible flowers are currently widely used in the
preparation of gourmet for both enhance the sensory and nutritional qualities of the dishes,
providing flavor, aroma, and attractive colors contributing for a fantastic visual appearance. In
addition, these edible flowers are often used to garnish dishes and are very versatile, since they
can be used in many ways in sauces, jellies, syrups, honey, oils, ice cubes, crystallized flowers,
salads, soups or creams, desserts, teas and even in cocktails and other beverages [2]. In this
context, four edible flowers (mallow blue (Malva sylvestris L.), pomegranate (Punica granatum
L.), hibiscus (Hibiscus rosa-sinensis L.) and nasturtium (Tropaeolum majus L.)) collected on the
Madeira Island were analyzed by solid phase microextraction in headspace mode combined with
gas chromatography-mass spectrometry (HS-SPME/GC-MS) in order to establish the fingerprint
of their volatile organic metabolites (VOMs). A total of 78 VOMs, including 24 terpenoids, 18
sesquiterpenoids, 16 carbonyl compounds, 4 hydrocarbons, 4 furanic compounds, 4 volatile
phenols, 3 alcohols, 2 sulfur compounds, 2 nitrogenous compounds and 1 ester, were identified
in the target flowers. In mallow blue flowers were identified 35 VOMs being mainly characterized
by sesquiterpenoids (61.5%), followed by hydrocarbons (22.1%) and terpenoids (7.4%), being
the most dominant VOMs 1-decyne, γ-muurolene, valencene, α-cubebene, δ-cadinene, βbisabolene and calamenene, accounting for 61.4% of the total volatile profile. In pomegranate
flowers, a total of 37 VOMs were identified. Terpenoids (56.6%), furanic compounds (25.5%) and
carbonyl compounds (10.7%) were the most abundant chemical families, representing over
92.0% of the total volatile fractions. Such abundance is mainly provided by furfural, followed by
linalool, carvone, anethole, hexanal, terpinen-4-ol and p-cymene, the most abundant VOMs
(66.5% of the total volatile profile) in terms of relative peak areas identified in pomegranate
flowers. A total of 20 VOMs were identified in hibiscus flowers, where the chemical family of
carbonyl compounds contributed mainly and for the most part to the total volatile profile of these
flowers, representing over 88.0% of the total volatile fractions. 2-Hexenal, hexanal, 2-octenal
isomer and 3-ethyl-2-methyl-1,3-hexadiene, with relative peak areas of 51.7%, 22.9%, 5.8%,
4.6%, respectively (84.9% of the total volatile profile), were the most abundant VOMs identified
in the analyzed hibiscus flowers. Finally, a total of 6 VOMs were identified in nasturtium flowers,
being benzyl isothiocyanate the most abundant VOM, representing over 98% of the volatile
fraction. Finally, a multivariate statistical data analysis was applied to the volatilomic data matrix.
Principal component analysis (PCA), orthogonal partial least squares-discriminant analysis
(OPLS-DA) and hierarchical cluster analysis (HCA) allows a better identification of the inherent
clustering patterns between each edible flower analyzed allowing the selection of the VOMs most
associated with each of the investigated edible flowers.
Acknowledgements: Authors thank the Comunidad of Madrid and European funding from FSE
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A new electrochemical sensor based on screen printed carbon electrodes (SPCE),
modified with a composite nanomaterial assembled from graphene quantum dots functionalized
gamma cyclodextrins and chitosan (γCDs-GQDs/CHI), has been reported for the first time to
evaluate the global content of fluoroquinolones (FQs). The so synthetized nanomaterial exhibits
an extraordinary electrochemical behaviour towards FQs oxidation due to the excellent
conductivity of GQDs incorporated on chitosan film. Additionally, γCDs became an excellent
recognition element allowing a selective size-based discrimination of FQs over other drugs [1].
For the design of the electrochemical sensor, GQDs-COOH were synthesized from uric
acid [2] as precursor following a bottom-up methodology. Succinic acid was used as linker for the
GQDs functionalization with different CDs (α-CDs, β-CDs and δ-CDs), which were later evaluated
over the performance of the electrochemical sensing system. Physic-chemical and nanostructural
characterization of the developed composite was also performed. Thus, GQDs size and
morphology were assessed by both HR-TEM (4.3 ± 0.5 nm) and DLS (5.9 nm as hydrodynamic
diameter). Z potential measurements confirms the negative surface charge of the graphene
species due to partial substitution of carboxyl groups (-11 mV); in consequence, chitosan was
selected as cationic polymer for a suitable anchoring to the working electrode through electrostatic
interactions. XRD spectra were recorded to confirm graphenic structures. 1730 cm–1 peak of IR
spectra, which is attributed to C═O stretching from the ester formation in the coupling of CDs also
corroborates the correct functionalization of GQDs. Electrochemical properties of the sensing
composite were assessed by Cyclic Voltammetry using potassium ferricyanide as redox probe.
The oxidation behaviour of four representative quinolones with distinctive structures was studied,
obtaining in all cases the same number of involved e- (2) and H+ (2) in their oxidation. These
results allowed to propose a single and consistent oxidation mechanism for all the checked
analytes.
Analytical performance features were investigated by means of a mixture of four FQs
selected as representative ones of the electrochemical behaviour of the whole family. Satisfactory
results were obtained in terms of linear range (4 – 250 µM) and lower detection limit (LOD = 1.2
µM). Developed sensor allowed the determination of FQs global contain in broths, bouillon cubes
and milkshakes at three concentration levels (150, 75 and 37.5 µM) for both equimolar and
different ratio FQs mixtures with recoveries values ranging from 90 to 106%.
References
[1] G. M. Durán, T. E Benavidez, A. M Contento, A. Ríos, C. D. García. J. Pharm Anal. 2017, 7,
324-331.
[2] F. Zhang, S. Gu, Y. Ding, Z. Zhang, L. Li. Anal. Chim. Acta. 2013, 770, 53-61.

755

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-204

WIRELESS WRISTBAND FOR CONTINUOUS PH MONITORING OF SWEAT
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Point of care (POC) devices have become an outstanding alternative to conventional laboratory
test thanks to their fundamental properties described in the guideline ASSURED: Affordable,
sensible, sensitive, user-friendly, robust and rapid, equipment-free, deliverable. Furthermore,
cloth, thread and paper-based microfluidic platforms are very convenient for analysis in situ of all
kinds of analites including ions, proteins, antigens, hormones, etc. from a huge variety of medical
samples1.
It has been shown that the determination of pH in sweat, one of the most accessible body fluids,
can be an indicator of health and wellness and even be used for potential disease diagnosis.
During sports training, the pH of sweat can vary depending on the body's hydration status, and
not drinking enough water during competition can lead to confusion, dizziness, muscle cramps,
and headaches in the athlete, but the opposite situation is also problematic, too much water can
cause low sodium levels, which have similar symptoms2.
We present herein a wearable wristband for continuous and wireless monitoring of sweat pH
which can be described in two main parts: a custom designed microfluidic cloth analytical device
to collect and store the sweat that includes a color-based pH sensor built by covalent
immobilization of a vinyl sulfone acidochromic dye on a cotton cloth3; and a miniaturized readout
module to obtain the pH measurements form the sensor and send them via Bluetooth to an
application on a smartphone.
The color changes are quantified in the readout module that illuminates the sensing zone with a
white LED, quantifies the color in RGB coordinates and once the app receives the RGB values,
it translates then into the H coordinate of the HSV color space and finally, thanks to the calibration
curve, to pH values. The range of use of the wristband device goes from 6 to 8, which includes
the pH range of sweat, with a precision at different pH values from 3.6 to 6.0 %. Finally, the
inclusion in the device of a passive pump allows continuous operation of the device up to more
than 1000 minutes.
Acknowledgements
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Bioactive compounds including polyphenols, carotenoids, vitamins and terpenes among
others, can be defined as nutrients and non-nutrients present in the food matrix. These
compounds are characterized by influencing cellular and physiological activities, obtaining, after
ingestion, a beneficial effect for health related to disease prevention and even forming part of
therapeutic treatments [1]. In view of the growing worldwide usage associated with their health
benefits, their efficacy and safety, sensitive and selective analytical methods are required for the
determination of such food components and those related compounds that nullify the beneficial
effects [2].
With the appearance of the Analytical Nanoscience and Nanotechnology, several
nanomaterials have been synthesized in order to improve the separation efficiency of multiple
analytes in techniques as liquid chromatography or capillary electrophoresis (CE) [3]. Herein, a
highly reliable separation and determination of various health-promoter compounds was achieved
using CE based on β-cyclodextrin-functionalized graphene quantum dots (βcd-GQDs) as the
background electrolyte additive.
βcd-GQDs was successfully prepared and characterized for the first time, showing to
enhance the separation efficiency of all the analytes studied, decreasing their electrophoretic
mobility. No content of surfactants or organic solvents was needed in the running buffer containing
βcd-GQDs. Up to eight consecutives’ runs were acquired with high precision for the separation of
resveratrol, pyridoxine, riboflavin, catechin, ascorbic acid, quercetin, curcumin and even of
several of their structural analogues. Baseline separation was achieved within just 13 min as a
result of the effective mobility of the analytes along the capillary owing to the differential interaction
with the additive.
The proposed analytical method displayed a good resolution of peaks for all species
selecting two absorption wavelengths in the diode array detector. Detection limits lower than 0.28
µg mL-1 were found for all compounds and precision values were in the range of 2.1 ̶ 4.0% in
terms of peak area of the analytes. The usefulness of the GQDs-assisted selectivity-enhanced
CE method was verified by the analysis of food and dietary supplements. The applicability to such
complex matrices and the easy and low-cost GQDs preparation opens the door for routine
analyses of food and natural products. The concept of using such dual approach (macromolecules
and nanotechnology) has been explored to tackle the separation of various bioactive compounds
in nutritional supplements and food.
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The development of novel and efficient methods for water remediation is a pressing need.[1]
Metal-Organic Frameworks (MOFs), have strongly burst into the environmental remediation
scenario.[2] Taking advantage of their unique intrinsic features, we have developed a family of
robust and water-stable MOFs as efficient adsorbents of inorganic and organic contaminants
commonly found in wastewater.[3] However, we realized this is just a preliminary-step, and it is
needed to move forward and structure the best performing MOFs into materials able to be
implemented in current decontamination protocols.[4]
In this context, firstly, I will show you the most remarkable results we have achieved on the
removal of (emergent) contaminants from water, making a special emphasis on Multivariate-MOF
(MTV-MOFs).[3] Then, I will present our investigations on the structuration of the best performing
materials in the form of extruded pellets, mixed-matrix membranes (MMMs) and single-walled
carbon nanotube buckypapers (SWCNTs-BP) (Figure 1).[3b,4] Remarkably, the results presented
in this contribution evidence the viability of integrate (MTV)-MOFs on different supports, while
retaining their removal efficiency, and more importantly evidence the game-changer character of
MOFs in real-life.

Figure 1. (MTV)-MOFs structured in the form of extruded pellets (a), as mixed matrix membranes
(MMMs) (b) and singled-walled carbon nanotube buckypaper (SWCNTs-BP) (c).
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Two-dimensional (2D) polymer networks are an emerging class of nanomaterials gaining
interest in academic research and industry.[1] Their unique properties arise from their high degree
of anisotropy and contrast remarkably with those found for their counterpart bulk materials, hence
finding promising applications in electronics, membranes, and catalysis.[2,3] With regard to
synthesis of 2D polymer networks, 2D confined spaces are required such as liquid-liquid/liquidsolid interfaces and crystalline phases in avoiding the 3D networking.[4,5] Accordingly, highly
specific monomers have been required which are applicable to the desired systems. In contrast,
our group reported the synthesis of 2D polymer networks from vinyl monomers by utilizing 2D
nanospaces of metal-organic frameworks (MOFs) as a template.[6] MOFs, a class of porous
crystalline materials constituted by organic ligands bridged by metal ions or clusters, are excellent
synthetic platforms for performing polymerization reactions.[7] In particular, the versatility of
monomer selection in MOF-templated synthesis opens up the possibility of rendering 2D networks
of generic polymers including copolymers.
In this work, we show for the first time the synthesis of a 2D block copolymer network
(BCPN) formed by poly(methyl methacrylate) (PMMA) and polystyrene (PSt) via the MOFtemplate method. We use a pillar-layer-type [Ni(Hbtc)(dpb)]n MOF (1) (btc = 1,3,5benzenetricarboxylate, dpb =1,4-di(pyridin-4-yl)benzene) as a template nanoreactor. For a blocktype copolymer preparation, we designed a reversible addition−fragmentation chain-transfer
(RAFT) copolymerization approach (Scheme 1). RAFT polymerization of MMA in presence of a
crosslinker was conducted in 2D MOF nanochannels followed by a copolymerization extension
with a St monomer. Decomposition of the host MOF after polymerization successfully leaves 2D
block copolymer networks (2D-BCPNs) with a suggested homogeneous distribution of PSt
domains in the initially formed 2D-PMMA domains (PMMA-b-PSt-1). Here we conceptualize and
synthesized a 2D-BCPN as a conjunction of 2D networks.

Figure 1. AFM image of PMMA-b-PSt-1 deposited on HOPG with unimolecular thickness.
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Covalent organic frameworks (COFs) are an emerging class of porous and crystalline
purely organic polymeric materials. Although they have shown very promising applications in
several fields including gas separation and storage, catalysis, sensing or water purification,[1] they
are mostly synthetized as insoluble, unprocessable powders. Indeed, the shaping of COFs is a
major bottleneck toward their further application, as conventional methods such as melting or
pelletizing often result in material decomposition or a decrease in functionality, respectively.[2]
Three-dimensional (3D) printing is a promising technology to address these issues,
presenting multiple advantages such as low cost, high reproducibility, efficiency and scalability.
Recently, it has been applied to process COFs into desired shapes, but the reported methods
require the addition of binders.[3,4] The existence of these binders not only increases the cost, but
also reduces the surface area of the active materials and adds on unnecessary weight.
The aim of this communication is to present a novel methodology to produce binder-free,
self-standing, 3D-printed COF objects with complex shapes and desired sizes from computermade designs. This is achieved with a commercial 3D printer modified and coupled to a
microfluidic system to allow the 3D printing of pure COF pieces. As the COF source, an aqueous
colloidal suspension of COF nanoparticles[5] was modified and transformed into a suitable 3D
printing ink. Furthermore, the whole process takes place at room temperature and using only
green solvents thus making it environmentally friendly.
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Covalent Organic Framework (COFs) have attracted scientific attention in a wide variety of
applications such as molecular and gas separation, catalysis, and energy storage, due to their
unique properties such as designed structure, high specific surface area, and permanent porosity.
However, conventional synthesis methods yield powdered COFs, which cannot be directly used
in such applications owing to their poor mechanical properties, low mass-transfer rate, and poor
recyclability. Thus, it is crucial for practical applications to shape COFs into objects[1] that allow
efficient processing, especially for industrial purposes. We have developed new synthetic
processes to shape COFs into gels, aerogels,[1] foams, and, membranes.[2] At the same time,
these shaping processes generate macropores in addition to the intrinsic micropores, which is
manifested increases internal mass-transfer, boosting its performance in adsorption processes.
This work explains the strategy for transforming COF gel monoliths into membranes and
electrodes by steps of gel-to-gel monomer exchange modification to improve chemical and
mechanical stability, followed by supercritical CO2 drying, and finally, shaping them into
membranes for gas separation and electrodes for energy storage application. To conclude, we
discuss the impact of the shaping process on the properties of the COFs as compared to their
pristine powder form. These COF aerogels will facilitate their industrial application based on their
inherent properties and versatile processing.
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A sonosensitive, sub-micrometric CaCO3-templated capsules for ultrasound-controlled delivery
of macromolecules in vivo were fabricated via layer-by-layer (LbL) assembly. [1,2] Current
biological studies generally using micrometric size of CaCO3-derived capsules (typically, having
diameters from 3 to 10 µm) present important limitations as potential in vivo i.v. injectable
medicinal products. As a result of their large size, LbL capsules are likely to be rapidly
sequestered within the capillaries in the lungs. Here, we explore an original approach to produced
sub-micrometric CaCO3 –templated polymer capsules (NCs) of approximately 600 nm (or even
less) in diameter. CaCO3 vaterite particles (cores) were selected as the temporal sacrificial core
template. Three fluorescently labeled macromolecules were encapsulated: dextran (70 kDa),
bovine serum albumin (BSA, 66.5 kDa), and recombinant tissue plasminogen activator (rtPA) (70
kDa). LbL assembly was performed by the addition of alternating charged polyelectrolyte layers
onto the sacrificial macromolecule loaded CaCO3 cores. The multilayer films were constructed
with layers of poly (sodium 4-styrene sulfonate) (PSS) and poly (diallyl dimethylammonium
chloride) (PDADMAC) polyelectrolytes, with Mn/Zn doped iron oxide nanoparticles (ioNPs) as an
alternating layer, and an outermost layer of gelatin. The ioNPs were added as a magnetic
resonance imaging (MRI) contrast agent to track the particles upon in vivo administration, and the
layer of gelatin aiming to provide these nanocarriers with targeting capabilities. We adopted basic
gelatin, heat-denatured collagen, which binds to von Willebrand factor (vWF). Ultrasoundtriggered release of fully functional recombinant tissue plasminogen activator (rtPA) from the
developed nanocapsules was done in vitro and in vivo, denoting an important therapeutic activity.
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Friedel-Crafts acylation of aromatic compounds is an important synthetic route to obtain
aromatic ketones mainly used as intermediates in the synthesis of fragrances, insecticides and
pharmaceutical products[1]. In recent years, numerous studies have been reported using acid
heterogeneous catalysts as zeolites, metal oxides and functionalized ordered mesoporous silica
materials[2], but all of them show fast catalyst deactivation due to the formation of polyacetylated
products that adsorb strongly on the acid centres.
Metal-organic frameworks (MOFs) have emerged as highly porous materials, which are
formed by metal ions or metal clusters and organic ligands. These materials exhibit a wide
diversity of chemical and physical properties that make them interesting for heterogeneous
catalysis in organic chemistry. The use of MOF materials containing sulfonic groups in their
organic ligand as heterogeneous catalysts in this reaction has allowed achieving a catalytic
activity like that of the commercial catalyst SAC-13. Moreover, the use of these materials allows
the regeneration of the catalyst, easily eliminating the poly-acetylated products generated and
recovering the initial activity after regeneration for three consecutive cycles, unlike the commercial
SAC-13 among other tested catalysts[3].
The present work deals with the catalytic study of SO3H-UiO-66 materials with different
contents of sulfonic groups in order to evaluate the accessibility to the acid sites in the Friedel–
Crafts acylation of anisole with acetic anhydride. Those SO3H-modified UiO-66 materials were
prepared by direct microwave-assisted synthesis, obtaining acidic microporous materials in an
efficient manner with outstanding physico-chemical features. The inclusion of sulfonic groups
modifies the textural properties of the materials, limiting the accessibility of acid sites and,
therefore, conditioning their catalytic activity.
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Figure 1: a) XRD patterns and b) N2 adsorption isotherms (77 K) of SO3H-modified UiO-66
materials (x=SO3H-containing ligand ratio respect to total organic ligand amount).
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Metal-Organic Frameworks (MOFs) are a class of porous hybrid materials produced by a
coordination reaction between metal clusters and organic ligands. The great flexibility upon which
constituents can be varied endow each MOF of a great topological and structural diversity, being
the permanent porosity the main characteristic that defines these materials[1]. Nevertheless,
coordinative bonding of inorganic and organic building blocks is not the unique strategy that can
led to the generation of porous materials since discrete metal-organic entities can be assembled
as well through supramolecular interactions to build up porous frameworks.
In this sense, a permanently porous supra-MOF build up from zirconium clusters and
phenylalanine (Phe) amino acid has been achieved. The discrete inorganic-organic units are
formed from the widely reported Zr6O4(OH)4 hexanuclear core, which is capped by eight Phe
protonated molecules (i.e. Phe-NH3+) and eight water
molecules at the linker defective positions. Overall, the
[Zr6O4(OH)4(H2O)8](Phe-NH3+)8]Cl12
compound
contains an hexanuclear entity with a positive charge
that is balanced with chloride anions. The ionic bridges
stablished between the -NH3+ groups and the chloride
anions, together with the robust л···л network coming
from the phenyl pedant groups of Phe stabilize the
material at room conditions and provide wide pores of
20 Å of diameter within the structure. Furthermore, this
supra-MOF was supported in a magnetoelastic
resonator platform in order to test its capacity and
selectivity to adsorb a variety of gas molecules with
Figure 2. Structure of the
different hydrophilicities.
zirconium-phenylalanine hexanuclear cluster.
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In this work, synthetic CaCO3 materials have been used as CaO-based CO2 sorbent
precursors. The influence of different operating parameters such as synthesis temperature (ST),
stirring rate (SR) and surfactant percent (SP) on the physical properties of the adsorbents has
been investigated with the aid of Response Surface Methodology (RSM).
CaCO3 samples were prepared by a precipitation method, reacting CaCl2 with Na2CO3 in
aqueous solution in the presence of the required amount of surfactant (Triton X-100®) under
controlled temperature and stirring conditions. CaCO3 synthetic precursors were calcined under
an inert helium atmosphere at 950ºC in order to ensure a complete calcination into CaO.
Samples were firstly characterized by X-ray diffraction and Scanning Electron Microscopy
(SEM). The physical properties were determined by measuring the N2 adsorption isotherms. Such
properties have been successfully correlated with the CO2 capture capacity of the samples. The
statistical approach used in this work has provided valuable information on the importance of the
different factors under study and their influence on the physical properties of the CaO-derived
sorbents and their subsequent CO2 capture performance.
X-ray diffraction patterns showed that CaCO3 samples consist of a mixture of calcite and
aragonite. For the CaO samples obtained by calcination of their CaCO3 precursors the presence
of the cubic form of CaO, and small amounts (< 5%) of other compounds such as Ca(OH)2, CaSO4
and CaCO3 was observed.
SEM images of the CaCO3 samples confirms the occurrence of a mixture of the two
polymorphs of calcium carbonate. Also, it was confirmed that the CaCO3 precursors decomposed
by calcination and sintered, thus giving rise to large and irregularly shaped CaO crystals.
The application of the response surface methodology to the experimental data made it
possible to obtain synthetic CaCO3 precursors showing optimal values of SBET, Vmi, Vme, and VT.
The results obtained clearly indicated that four parameters significantly influenced the CO2 uptake
from a statistical standpoint. Such parameters are SR, the square of SR, its interaction with SP
and the square of SP.
A multiple regression fitting was satisfactorily carried out to correlate CO2 uptake with the
micro- and mesopore volumes, and the specific surface area. This fitting showed a statistically
significant relationship between CO2 uptake capacity and the independent variables with a
confidence level of 95.0%.
The stability of the CaO-based sorbents has been studied throughout 11 consecutive
calcination-carbonation cycles. One of the samples exhibited an almost negligible shrinkage
effect, which, in turn, resulted in a more sustained uptake capacity along the whole series of
cycles. The absolute loss of activity of the selected samples correlated well with SBET and Vmi.
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Hydrogen-bonded organic frameworks (HOFs), a class of porous materials that rely on the
assembly of organic building blocks by means of hydrogen-bonding interactions, have attracted
attention during the past decade due to their unique characteristics.[1] Since H-bonds are weaker
than the covalent bonds used for the construction of metal-organic frameworks (MOFs) and
covalent organic frameworks (COFs), HOFs have some unique features such as mild synthesis
conditions, solution processability, easy healing and regeneration. These features make HOFs a
tunable platform to construct functional materials with several applications such as gas separation
and storage.[2] However, exploitation of HOFs in next-generation applications involving charge
storage and conversion, is hampered by the absence of electrical conductivity due to the poor
electronic communication between the constituting moieties.[2],[3]
Herein, we present a theoretical study on the structural, electronic, and conducting properties of
three TTF-based HOFs, named MUV-20a, MUV-20b and MUV-21, formed by the assembly of
TTFTB ligand through a H-bonding network (Figure 1). Based on experimental evidence, our
calculations confirm the possibility of MUV-20a/b to form a zwitterionic HOF upon spontaneous
oxidation of TTF, which leads to an unpaired electron localized on the electron-donor TTF core.
The generation of these charge carriers in the HOF promotes semiconductivity due to the
presence of efficient hole-transporting 1D TTF channels along the structure.

Figure 1. Motifs and crystal structures for the TTF-based HOFs.
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Copper-mediated coupling reactions for C-C and C-O bonds in complex organic molecules
have elicited a great deal of interest from the pharmaceutical industry and present versatile
possibilities in organic chemistry. A considerable number of publications reporting valuable
applications in coupling reactions, such as Glaser coupling, has been published and reviewed1.
Glaser coupling products are useful in areas of non-linear optics and organic conductors to build
up polymers with biological activities2.These processes could improve their sustainability and
efficiency with the use of heterogeneous catalysts since they would provide several advantages
like easy-handling, reusability and facile separation from the organic products3. Therefore, the
development of efficient heterogeneous copper catalysts undoubtedly represents a niche of
opportunity.
Metal-organic frameworks (MOFs)
have emerged as highly porous materials,
which are formed by metal ions or metal
clusters and organic ligands. These
materials exhibit a wide diversity of chemical
and physical properties that make them
interesting for heterogeneous catalysis in
organic chemistry. For this reason, a broad
platform of tunable inorganic-organic hybrid
frameworks for the inclusion of specific
metals
with
different
coordination
environments and functional groups can
be addressed.

Figure 1. Scheme of Glaser reaction and MOF structures.

The aim of this work is to assess the catalytic activity of different copper-based MOF,
including some developed in our research group for the first time, like Cu-MOF-744 and URJC-15.
These MOFs have been carefully selected to study the effect of their organic functionalities and
porosity on the yield of Glaser's coupling, obtaining very promising results. Reaction conditions
(temperature, catalyst concentration, solvent and base) are currently being optimized, trying to
achieve high yields at mild conditions. In addition, the performance of Cu-MOFs are evaluated
and compared to other copper homogeneous catalysts in terms of conversion and yield to the
desired products. Additionally, powder X-ray diffraction and Inductively Coupled Plasma
techniques are employed to study the reutilization capabilities of these catalysts, in terms of
structural stability and catalytic performance after several reaction cycles.
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Core-shell inorganic nanoparticle (NP)/ZIF-8 hybrid nanocomposites (NC) combine the high
adsorption capacity of the microporous ZIF-8 with the NPs properties. ZIF-8 can be grown over
different kinds of NPs, for instance, having plasmonic, magnetic and catalytic properties.
Syntheses of core@shell NP@ZIF-8 were carried on in presence of cetyltrimethylammonium
bromide (CTAB) stabilized NPs in aqueous solution. The inorganic core and the thickness of the
ZIF-8 shell can be synthetically adjusted, thereby allowing for finely tuning the overall
physicochemical properties of these core-shell nanocomposites. To prevent the inherent ZIF-8
degradation in aqueous solution, a post-functionalization strategy based on the use of an
amphiphilic polymer (poly(isobutylene-alt-maleic anhydride) –graft-dodecyl) (PMA) was used to
stabilize the nanocomposites in aqueous solutions and in biological environments such as the
lysosomes of cells.
Pd-NP@ZIF-8 NC (Figure, A) after the polymer coating approach, can be used as nanoreactors
inside cells. The ZIF-8 shell protects the palladium core from passivation and deactivation. This
nanoreactor was used to remove propargylic groups from phenol-derived pro-fluorophores inside
cells. [1]
Plasmonic Au-NP@ZIF-8 NC (Figure, B) hybrid nanocomposites can be used as Raman
substrates for SERS detection. Molecules whose physicochemical properties allow their
internalization through the porous channels of ZIF-8 will reach the metal surface of the NP core,
enhancing the Raman signal. [2]
Fe3O4 NP were synthesized using thermal decomposition method and further transferred to
aqueous solution by ligand modification using CTAB. Fe3O4-NP@ZIF-8 (Figure, C) can be
remotely controlled for drug delivery using alternating magnetic fields.

Figure 1: Pd-NP@ZIF8 nanocomposites (A); Au-nanostar@ZIF8 nanocomposites (B),
Fe3O4-NP@ZIF8 nanocomposites (C)
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Microfluidic is an exceptionally powerful tool for MOF nanoparticle synthesis, as it allows a
high degree of control over particle nucleation, enabling fine tuning of particle dimensions, size
distributions and morphology.[1] This synthetic approach is already well developed and
established in the synthesis of purely inorganic nanoparticles, but its application to MOFs is not
as straightforward as it seems. This is due to the presence of secondary Dean flows as a result
of the bending of the microfluidic channels. This flow has been recently studied for inorganic
particles to control their size, but plays an overall minor role in their synthesis.[2]
Our study focuses on the systematic rationalization of how tube curvature impacts the MOF
nanoparticle synthesis with a microfluidic setup. As the formation of a crystalline network of
coordination bonds is significantly slower than the precipitation out of solution of metals or metal
oxides, Dean flows, and thus curvature radii, become increasingly important. More than 200
syntheses of ZIF-8 particles were carried out in order to evaluate the impact of the reactor
geometry, diameter, length, flow rate, and reagents concentration. Analyzing all results
unequivocally prove that the curvature radius in coiled and serpentine rectors for ZIF-8
nanoparticles plays a crucial role.
This study represents a milestone in the application of microfluidic to MOF nanoparticle
synthesis and will facilitate easier experiment design, generation of more predictable results and
development of more efficient reactors.

Figure1: ZIF-8 particles synthetized with the same reaction parameters but changing the
curvature of the 1.5 m long tube: a) 16.75 mm radius, b) 4.75 mm radius.
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Bioactive glasses (BGs), considered as the third generation biomaterials, are a promising
type of materials for bone tissue regeneration due to their excellent osteoconductivity,
osteostimulation, and degradation rate[1]. Unfortunately, infection with medical implants and
injection materials is still one of the common causes of failure for bone repair[2]. The fabrication
of BG-based composite materials with antimicrobial properties could be an intriguing solution.
Following this topic, as a promising approach to provide the antimicrobial properties of
biomaterials, coating of bioactive glass nanoparticles in a binary system (SiO2‒CaO) with
a Cu-based Metal-Organic Frameworks (MOFs)[3,4] layer was proposed. Two approaches to the
synthesis of such composites were presented (Scheme 1): (i) layer-by-layer for BG@CuHKUST-1 and (ii) spin coating for BG@Ag@[Cu3(OH)(capz)] (capz = 4-carboxypyrazolate). The
colloidal MOF layer did not decrease the biocompatibility of the bioactive glass, which was
confirmed against human dermal fibroblasts and MC3T3 mouse osteoblast precursor cells.
The new composite was characterized structurally, spectroscopically, and texturally using
different techniques such as XRD, IR, TEM, EDS and N2 sorption (77 K) analysis. Antimicrobial
activity against many bacterial strains (Escherichia coli, Staphylococcus aureus, Klebsiella
pneumonia, Pseudomonas aeruginosa) and yeast (Candida albicans) was evaluated.

Scheme 1. Two strategies for the synthesis of BG@Cu-MOF composites.
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Porous silica materials present fascinating features for the development of optical fiber chemical
sensors (OFCS). They have unique properties, such as thermal and chemical stability, as well as
transparency covering a wide wavelength range. Their the porous textures can be precisely
controlled, not only in regard to the specific surface area, but also to the average pore distribution.
Even the surface chemistry can be easily fine-tuned in this type of materials. Therefore, the
inclusion of photoluminescent guests (lanthanides complexes with antenna ligands) in siliceous
nanostructured xerogels represents an alternative to the present synthetic routes for metalorganic-frameworks[1].
This work aims to studying the response of an OFCS based on the photoluminescence changes
undergone by a Tb-doped silica xerogel film when it is exposed to different values of relative
humidity (RH) in terms of kinetics, and stability. The xerogel film was synthesized by the sol-gel
method, through hydrolysis and polycondensation of the tetraethylorthosilane, alkoxide TEOS.
During hydrolysis, Tb:Pybox complexes[2] were imbedded into the matrix (see Fig. 1). This
lanthanide shows a luminescence peak at 547 nm when it is illuminated at 280 nm by a LED. Thin
film deposition on a tapered optical fiber was performed using dip-coating technique at 75 % of
the gel point. The resulting sensor was placed into a climatic chamber under constant temperature
(25ºC) and exposed to increasing/decreasing RH cycles between 20 % and 90 %. Its response
was evaluated by registering changes in the intensity of the luminescent peak centered at 545
nm. Although it is still a proof of concept, Fig. 2 demonstrates how the relative intensity of the
peak changes linearly with the RH. Due to the good response/recovery times showed by this
OFCS, its use in the medical field can be envisioned, for example, in monitoring of the human
breath.

Figure 1 (a): Schematic representation of the xerogel synthesis; (b) Luminescence signal from
the sensor when it is exposed to different RH concentrations.
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Environmental pollution has become a major public health problem due to the presence of toxic
substances in the atmosphere. For example, the binding of organophosphates to the enzyme
acetylcholinesterase (AchE) block the transmission of nerve impulses in neurons [1]. For this
reason, the study of environmental problems and the development of sustainable
decontaminating methodologies has aroused great interest in the scientific community. In this
regard, metal-organic frameworks (MOFs) are being studied as decontaminating agents due to
their adsorbent and catalytic properties. Indeed, in our previous work, we reported the controlled
layer-by-layer growth of crystalline MOF (UiO-66) thin films over porous activated carbon spheres
(PACS), obtaining a hybrid material that is able to capture an organophosphate nerve agent
simulant [2].
In this work, we successfully integrated UiO-66 metal-organic framework on the surface of
different functionalized PACS. The formation of different carboxylic and amino groups on the
surface of PACS by treatment with different oxidants (H2O2, HNO3 and S2O82-) and subsequent
functionalization (Urea and Thiourea) has allowed the anchoring of UiO-66 by a layer-by-layer
method (Figure 1). These results suggest that this new type of hybrid porous materials could
behave as self-cleaning materials in the capture and degradation of different chemical warfare
agents. Further work needs to be carried out in order to prove the adsorption and catalytic
behavior of these composites.
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Layer-by-Layer
synthesis

Figure 3. Scheme of the functionalization of AC@UiO-66 composites with urea following a layer-by-layer
approach.
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Surface Enhanced Raman Spectroscopy (SERS) is one of the leading techniques for
specifically acquiring a label-free, ultrasensitive, vibrational fingerprint of a variety of molecular
compounds[1]. However, trace level detection (ppbV) of gaseous compounds is hampered by the
fact that only a few molecules will be in the region of substrate signal amplification (“hot-spots”).
Thus, our objective is to advance in the development of SERS substrates, based on distinct
plasmonic/metallic nanoparticles, for a more robust, ultrasensitive, and reliable gas detection.
Here we present a SERS substrate series fabricated from core-shell nanostructures
comprising Au@Ag rod nanoparticles (of tunable size and aspect ratio) as the core and
mesoporous silica-based material (MCM-48) as the shell. The high surface area and specific
sorption properties of MCM-48 is of interest to preconcentrate gaseous molecules at the
amplification regions of the metallic cores, where the electromagnetic field is amplified due to the
localized plasmon resonance effect[2,3,4]. The resulting nanostructure is denoted as
Au@Ag@MCM-48. The SERS substrates series is obtained by spin coating the colloidal
suspensions on transparent glassware/holders. Its performance considers the analytical
enhancement factor (AEF) as a comparative parameter and was calculated for the standard
molecule 4-nitrothiophenol (4-NBT)[5]. The current substrate fabrication conditions are being
improved for a more reliable gas detection of, at present, the Sarine surrogate DMMP. At the
moment, our efforts in the European project SERSing (EU H2020 grant agreement nº 883390)
are dedicated in evaluating the SERS performance of these substrates in the gas-phase detection
of nerve substitutes and vesicants.
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Chlorination is the most common process used to oxidize organic matter because of its high
effectiveness and low cost in Drinking Water Treatment Plants to inactivate pathogenic
microorganism. Nevertheless, this process could lead to the formation of potentially hazardous
inorganic by-products (ClO2- and ClO3-),[1] which could negatively impact on human heath (e.g.
they could provoke oxidative stress in red blood cells or hypothyroidism). Recently, the European
g·L-1

Council Directive 2020/2184 established a maximum concentration in fresh water of 250

for both oxyanions.[2] MOFs are new crystalline materials that show a great interest due to their
outstanding properties (e.g. easy modulation, versatile composition, exceptional porosity). In this
regard, we originally propose here a series of ecofriendly highly porous Fe-based MOFs for the
efficient and selective adsorption of ClO2- and ClO3- from disinfected potable water.[3] Remarkably,
the flexible porous iron carboxylates MIL-88B(Fe)-X series ( X= H, NH2) presents not only an
efficient removal ClO2- and ClO3- (up to 100 and 40% removal in only 10 min, respectively; Fig. 1)
but also an excellent freshwater stability (<1 % of degradation) under real working conditions,
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Fig 1. Kinetics experiments of MIL-88B(Fe)-NH2: a) remaining chlorite (black line), b) remaining
chlorate (black line) and linker release (red line) in water.
The authors want to thank the financial support of Community of Madrid (IND2019/AMB-17129).
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Metal-Organic Frameworks (MOFs) are a relative new class of crystalline, highly porous
materials consisting on organic linkers and inorganic metal centres held together by coordinative
bonds to form three-dimensional structures with periodic order. The porosity within their structure
and their diverse nature of metal nodes gives them a wide chemical range of applications such
as gas adsorption, toxics removal, sensing or photocatalysis, among others [1].
In particular, Titanium (IV) based MOFs have attracted a lot of attention due to their high
chemical stability and Ti lows toxicity. However, only classic MOFs solvothermal methodologies
have been described for the synthesis of these compounds obtaining amorphous titanium oxide
particles as a secondary product [2].
Herein, we describe a novel dynamic synthetic method for Ti (IV) MOFs, where
homogeneous MUV-10 has been obtained in lesser time than classic solvothermal methodologies
plus preserving the same physico-chemical properties as classic MUV-10 [3]. Furthermore, this
new methodology sets up an innovative way of functionalizing MOFs with different external
species, such as nanoparticles (NPs), by injecting them at various punctual stages in the synthetic
procedure and, that way, controlling the spatial distribution of those species along the periodic
structure of the MOF. Inspired by previous works of metal nanoparticles encapsulation in MOFs,[4]
we have successfully functionalized MUV-10 with spherical gold NPs at different sites among the
crystalline porous material without altering their crystallographic or chemical properties. Given the
well-known catalytic properties of gold nanoparticles these brand-new composites present very
promising applications as a robust catalyst where not only the framework acts as capping
protecting the NPs but also the catalytic efficiency would be directly dependent on the spatial
location of the NP within the MOF [5].

Figure 1. View of (a) the structure of MUV-10 and the dynamic set-up; (b) the dynamic synthetic
conditions highlighting the injections points of Au NPs; (c) SEM images of the formation of the
MOF during the different dynamic stages.
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The use of Metal-Organic Frameworks, MOFs, as catalysts offer great advances due to its
sizeable pore and the chemical versatility they offer. This, together with the possibility of
understanding how the reagents interact within the crystalline framework, opens the door to
advancing in terms of performance and selectivity in relevant processes.
Here we demonstrate how using an heterometallic MOF can increase the catalytic activity
by controlling the distribution of the different metals in the structure. To do so, we use the Epoxide
Ring-Opening Reaction as a model reaction and the heterometallic MUV-101(M)[1][2] family as
catalyst. The influence of the identity as well as the distribution of the metals in the MOF was
studied both experimentally and computationally. Our findings point out that heterometallic MUV101(Fe) is a significantly more active catalyst in comparison to the other heterometallic MOFs as
well as their homometallic counterparts. Moreover, this boost in catalytical activity cannot be
achieved through a physical mixture of the homometallic Ti and Fe MOFs, MIL-100(Ti) and MIL100(Fe), reinforcing the paramount importance of the cluster composition which can only be
controlled by means of heterometallic MOFs.
All in all, by using this heterometallic MUV-101(M), high catalytic activities can be achieved,
being comparable to other benchmark MOFs and not requiring any further modification of the
material, as it can sometimes be the case. Thus, these results pave the way to exploiting the
potential of MOFs as heterogeneous catalysts.

Figure 4. (a) Structure of MUV-101(M), (b) Scheme of the Epoxide Ring-Opening Reaction
(ROR) of cyclohexene oxide with aniline, (c) cluster composition of MUV-101(M) (d)
catalytic activity of the MUV-101(M) family in the Epoxide ROR.
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Post-synthetic modification (PSM) is a widely used method to introduce new functional groups in
reticular solids. The modification of organic and/or inorganic components offers appealing
opportunities for the implementation of new chemical functionalities; many of which are not
accessible by direct synthesis. Covalent PSM generally requires adequate chemical tags in the
linkers for covalent functionalization, these motifs have been mainly focused on amino, aldehyde
or alkyne groups. However, tetrazine tags represent an excellent alternative. This molecule is
able to act as electron-poor diene in inverse Electron-Demand Diels-Alder (iEDDA) reactions
which do not require a catalyst, offering fast kinetics, orthogonality, quantitative transformations
under mild conditions, and inoffensive side products (N2). In this regard, the recently reported
UiO-68-TZDC (TZDC = 4,4’-(1,2,4,5-tetrazine-3,6-diyl) dibenzoic acid) represents an ideal
platform to implement this reactivity to tailor the pore environment.[1]
A general post synthetic functionalization protocol enables the introduction of a broad scope of
alkene/alkyne dienophiles (fused rings, hydroxyl groups, phenyl rings, succinimide, carboxylic
terminated groups, aliphatic chains) leading to multiple pore environments with diverse chemical
functionalities in UiO-68-PZDC derivates.[2] The one-step functionalization takes place under mild
synthetic conditions, so it is respectful with the crystallinity and intrinsic porosity of the framework.
The high degree of versatility of this route is reflected by the introduction of the C60 molecule into
the backbone. Synthesis of UiO-68-PZDC-C60 overcomes intrinsic restrictions of time-consuming
C60 derivatization and the limited solubility of these molecules in the synthetic conditions
conventionally used in MOF chemistry. In this regard, UiO-68-PZDC-C60 represents one of the
few highly fulleretic 3D porous frameworks. Besides, tetrazine coordination offers the possibility
of studying the influence over the iEDDA reactivity of the nanostructured diene, which is not
accessible in conventional organic-chemistry experiments. Direct comparation of the reactivity of
nanostructured tetrazines in UiO-68-TZDC versus the free organic ligand proved the beneficial
effects on the reactivity of the reticulation despite the diffusion process. That result was also
confirmed by modification of HOMO-LUMO energy levels. Given these results, UiO-68-TZDC
seems to be an excellent platform to implement the “click” reactivity which opens up toward
biological applications such as bioconjugation of enzymes to reticular solids.

Figure 1. a) Scheme of the iEDDA mechanism of the reaction between UiO-68-TZDC and NBD.
b) Dienophile´s scope.
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Metal organic frameworks (MOFs) are organic-inorganic hybrid porous materials formed
by the coordination of metal ions and organic ligands, which exhibit several advantages, such as
large specific surface areas (almost 10000 m2 g−1) and easy functionalization of the pore surface.
MOFs have received great interest from researchers in the area of electrochemistry, which has
led to a rapid development of these materials for their implementation in energy storage
systems.[1] Ionic liquids (ILs) are promising candidates to improve the electrochemical properties
of MOFs due to their high conductivity, non-flammability, and thermal and electrochemical
stability.[2] Encapsulation of ionic liquids (ILs) into porous materials can provide environmentally
benign solid-state electrolytes for various electrochemical devices such as metal-ion batteries. In
this way, reacting Al(NO3)3·9H2O and 1,4-benzenedicarboxylic acid (BDC) in deionized water
(hydrothermal synthesis) we have obtained MIL-53(Al) MOF. The IL 1-ethyl-3-methylimidazolium
bis(trifluoro-methyl sulfonyl) imide [EMIM][TFSI] was encapsulated within the pores of the MOF.
The characterization of this IL@MOF was performed by different techniques. The crystal structure
was determined by powder X-ray diffraction (XRD) and infrared spectroscopy (FTIR). Thermal
stability was analyzed by means of thermogravimetry (TG/DSC). The morphology and particle
size were explored by scanning electron microscopy (SEM-EDX) and transmission electron
microscopy (TEM) and the surface area was determined by N2 adsorption isotherms using BET
method. Finally, the ionic conductivity of the composite was evaluated by electrochemical
impedance spectroscopy (EIS).
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Supramolecular chemistry at interfaces provides the optimal conditions for the fabrication
of crystalline self-assembled molecular networks (SAMNs), driven by intermolecular interactions
and by the chemical properties of the interface itself1. Achiral molecules can also form chiral
supramolecular patterns following their confinement at a solid interface2.
Nucleobases are versatile examples of building blocks known to form supramolecular
assemblies based on hydrogen bonding and they can be further functionalized in order to
increase the variety of binding interactions and supramolecular structures. Inspired by the
structural and functional tunability of metal-organic frameworks (MOFs), derivatives containing
an additional coordinating unit have been synthesized3. Here, we present a scanning tunneling
microscopy (STM) study on the metal-organic coordination framework (MOCN) formed by a
guanine-based ethynylpyridine nucleobase. The precursor formed a well-ordered nanoporous
supramolecular network, made up of H-bonded G-quadruplexes, which are achiral. The addition
of a Pd(II) salt induced morphological changes in the MOCN. The metal coordination led to the
formation of enantiomorphous domains with opposite handedness. The same changes are
observed following the introduction of suitable guest molecules, such us a phthalocyanine.
Furthermore, homochiral MOCNs could be fabricated by using chiral enantiopure solvents, in
which case the surface exclusively contained only one orientation.
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In recent years, metal-organic frameworks (MOFs) have received considerable research interest
due to their structural flexibility, tailorable pore size and large surface area. Much research effort
has been focused on the adsorption of H2, methane or CO2 using MOFs-based materials [1–4].
As a more effective geometrical configuration, growing MOF crystalline membrane on porous
support is expected to find more promising potential in energy-intensive gas separation fields [5].
MOF membranes can present fine-tuned microstructure on a molecular level and achieve
outstanding physicochemical properties based on numerous organic ligands and metal clusters
[6–8]. Currently CO2 as main greenhouse gas has brought about the serious threat of global
warming to human being due to the tremendous consumption of fossil fuels. Hence, in view of the
excellent performance of MOF materials, it is essential to develop novel MOF-based membrane
modules for CO2 separation. In this context, MOF-74 (Ni) is an excellent candidate for CO2
separations due to exhibits excellent CO2 absorption kinetic properties based on its uncoordinated
metal centers (UMCs) [9]. The existence of UMCs strengthens the binding properties of MOF-74
with CO2. Hence, taking their structural stability into consideration, Ni-MOF-74 membranes are
more suitable to work under harsh environmental conditions [10-11]. In this work polyacrylonitrile
(PAN) membranes decored with MOF-74 (Ni) were fabricated by electrospinninig to obtain
maximum CO2 adsorption. The goal of this work is to establish methodologies to synthesis,
deposition and characterization of polyacrylonitrile (PAN) membranes decored with MOF-74 (Ni)
to bring a fast, low cost and easy synthesis as well as membranes deposition. Membranes were
characterized with SEM, XRD, BET and TGA.
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An Earth-abundant element that has been mined for thousands of years is elemental
sulfur. Actually is the tenth most abundant element on Earth, and it is valuable for the scientific
community as a chemical reagent with essential uses in industry, agriculture, or material science
[1]. Until the 20th century, the most common source of sulfur was the soil surrounding volcanoes.
Nowadays, starting with the development of the oil refining industry, the production of elemental
sulfur (S8) is achieved by removing the H2S gas from crude oil. Around 70 million tons of sulfur
are obtained as a by-product each year. Therefore, refined petroleum is currently the largest
source of sulfur production [2]. Although it has previously described several uses for sulfur, there
is still a net excess of sulfur that offers little economic benefit; thus, finding a new large-scale
service for this sulfur would be an essential development. Similarly, it is important to replace
conventional raw materials with other renewable resources, such as vegetable oils that are
usually used to replace petroleum-based oils. Employing renewable resources is crucial for their
biodegradability and low toxicity towards humans. In general, vegetable oils are composed of
some fatty acids that, depending on the plant source, have different double bonds. Following a
new route developed by Pyun. J. et al. [3], called inverse vulcanization, it is possible to obtain
polymeric materials by the ring-opening polymerization of elemental sulfur with other compounds
bearing double bonds, to form a new class of hybrid inorganic/organic polymer.
Most of the uses of these new polysulfides have been described recently, showing an excellent
behavior like an adsorbent for mercury capture in water solution [4]. Therefore, polysulfides can
be a perfect candidate to use like to adsorbent from emerging pollutants in aqueous effluents. We
report a study that aims to value the sulfur generated in an oil-refining process and vegetable oils
as a greener raw material, to obtain a range of copolymers to test the capacity to adsorb different
emerging pollutants in water, among others bio-applications not yet tried.
Firstly, there have been realized assays with the different ratios between sulfur and vegetable oils
(30, 70 and 80 % S8) and different dosages and adsorption time against various metals studied.
The adsorption fluctuates between low to moderate yields for hard metal versus quantitative yields
for soft metal removal. Similarly, a parallel study was focused on the adsorption of new organic
pollutants. We focus on conventional and commonly used drugs, which are found daily in the
wastewater of cities, such as diclofenac, ibuprofen, and carbamazepine. In this study, it has been
observed that the contact time is essential to improve the adsorption of the organic contaminant,
reaching high rates of drug elimination when using the copolymer with 50% sulfur. Finally, when
the third comonomer from agricultural residues is introduced into the final formulation of the
copolymer, it is possible to generate new bioapplications. We present a new series of copolymers
formulated with vegetable oil, sulfur, and the addition of a third compound carrying a new
functionality. This study affirmed the ability to generate copolymers with antimicrobial capacity
and antioxidant activity. We demonstrated the benefits of adding a new comonomer to modulate
its bioactivity.
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Metal-Organic Frameworks (MOFs) are a family of porous crystalline materials formed by organic
ligands and metal ions (or clusters). MOFs merge the advantages of the organic and the inorganic
chemistry. This approach provides a high level of tuneability and chemical design. A remaining
challenge in MOFs chemistry is the creation and control of different size cavities to prepare
hierarchical porous materials (HP-materials) [1]. One of the approach to modify the pore
environment, that take advantage of the chemical design to selectively remove a part [2]. This
translates into a meticulous control in the formation of mesoporous cavities [3].
A subfamily within MOFs is that of zeolitic imidazolate frameworks (ZIFs). These compounds are
formed by tetrahedral metal centres linked by imidazolate ligands. ZIFs present highly desirable
properties such as crystallinity, porosity and thermal stability. The prototypical member of this
family is Zn(mim)2 (mim = 2-methylimidazolate), commonly known as ZIF-8, which possesses a
sodalite-type structure (SOD).
In this work we report the preparation of bimetallic Fe/Zn-ZIF-8, which gives rise to M-im-M
coordination bonds of different reactivity in the presence of water molecules due to unequal ions
stabilities. This allows to generate mesoporous cavities to form a hierarchical material of the
archetypical ZIF-8 with particular adsorption properties.

Figure 5. Schematic representation of the hydrolysis process carried out on Fe/Zn-ZIF-8
(microporous) to give rise to Zn-ZIF-8 (mesoporous) with embedded iron oxide nanoparticles.
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HIGH PERFORMANCE TUNABLE CATALYSTS PREPARED BY USING 3D
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Honeycomb monoliths are the preferred supports in many industrial heterogeneous catalysis
reactions, but current extrusion synthesis only allows obtaining parallel channels. Here, we
demonstrate that 3D printing opens new design possibilities that outperform conventional
catalysts. High performance carbon integral monoliths have been prepared with a complex
network of interconnected channels by conbining the sol-gel polymerization of ResorcinolFormaldehyde and the 3D printing technology and have been tested for carbon dioxide
hydrogenation to methane after loading a Ni/CeO2 active phase.
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Figure 1. Left: Integral carbon monoliths with controlled channel architecture and porous texture
obtained by combining sol-gel polymerization and 3D printing technology. Right: CO2 methanation
tests over Ni/CeO2/carbon monolith catalysts prepared using 3D printing: a). Influence of the
porous texture of monoliths with conventional design on the catalytic performance. b) Influence
of the channels configuration on the CO2 methanation reaction rate. (c) Isothermal test at 300 °C
for the catalyst with advanced design. CCO2 = CO2 conversion and SCH4 = Selectivity to methane.
(d) Study of the stability of the catalysts after being reused in successive cycles. CCO2: conversion
of CO2 at 300 °C
The catalytic results manifest that the porous texture and channels geometry of the monolithic
supports are crucial factors determining the catalytic performance (Fig. 1 right a and b). The
porous texture affects the active phase distribution, and thus the active phase-gas interaction and
the active phase reducibility. Better dispersions were obtained by decreasing the
Resorcinol/Water ratio due to the porosity broadening, and thus, CO2 conversion increases. The
best catalytic performance is obtained with the catalyst with R/W ratio 1/17, due to the best active
phase dispersion and reducibility. The channels configuration also has a deep influence on the
catalytic performance (Fig. 1 right b). Conventional straight channels force laminar flow of the
gas, creating radial diffusion limitations. However, the fluid encounters more intricate paths as
long as it passes through the novel tortuous design, which favors the radial diffusion, and thus,
the active phase-gas interaction. Consequently, the reaction rate obtained with the monolith with
novel tortuous channels design is increased regarding the conventional honeycomb configuration
with straight and parallel channels. The methodology and monoliths developed can be applied to
other heterogeneous catalysis reactions, and open new synthesis options based on 3D printing
to manufacture tailored heterogeneous catalysts
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Catalytically active palladium complexes or nanoparticles incorporated into MOF structures
are commonly used as heterogeneous catalysts for various transformations[1]. However, there is
only one unique MOF, namely,[Pd(2-pymo)2]n, which contains Pd2+ ions not anchored in MOF
pores but form metallic nodes connected by a 2-pyrimidinolate (2-pymo) ligand forming a 3D MOF
network[2]. This unique material has, in the past, been investigated as a catalyst in Suzuki
coupling, alcohol oxidation and hydrogenation reactions[3-5].
In the present project the catalytic activity of [Pd(2-pymo)2]n was tested for hydrogen
evolution from NH3BH3 hydrolysis at different temperatures, and optimum catalytic activity was
found in 45 oC with the TOF of 5.71 mol H2·min-1·mol-1 Pd and 7.81 mol H2·min-1·mol-1 Pd when
Pd loading was 0.5 and 1 mol %, respectively. Enhanced catalytic performance was observed for
the re-used [Pd(2-pymo)2]n, then the TOF value was 31.9 mol H2·min-1·mol-1 Pd (Scheme 1).

Scheme 1. Cartoon representation of the catalytic activity of [Pd(2-pymo)2]n.
An increase of activity could be attributed to the partial reduction of Pd(II) to the more
active Pd(0).The introduction of styrene or phenylacetylene into the system stops H2 evolution,
however, double or triple C–C bonds are hydrogenated according to the transfer hydrogenation
mechanism. Notably, 75% conversion of phenylacetylene is possible during 3h with 100%
selectivity to styrene. Mechanistic studies with deuterium-labelled substrates evidenced the real
role of water in the hydrogenation reaction, indicating that water is a donor of one hydrogen atom.
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Water is one of the most important resources for life. However, around 99 % of the water
on the Planet cannot be used without pre-treatment, due to the presence of dissolved substances,
such as ions, inorganic, and organic species and even microorganisms. Nowadays, one of the
main issues is the excessive consumption of water on industries, e.g., heating, or cooling systems
and production processes. Therefore, it is very important to find efficient ways to treat not only
water from natural sources but also industrial wastewater. Some of the most common
contaminants in wastewater are metal ions, and their presence entails a significant problem for
the environment and water distribution systems, due to their fouling and corrosive properties. The
removal of these ions has been approached via adsorption using a large selection of materials,
such as zeolites, carbon nanotubes, metal-organic frameworks, or covalent organic frameworks
(COFs). COFs are an emerging class of crystalline materials widely known for their permanent
porosity, high thermal and chemical stability, and modular nature. All these properties make COFs
excellent candidates for water remediation.
In this work, we study the adsorption capability of three imine-based COFs towards the
capture of several metal ions commonly present in water. These materials present different
functional groups in the pores with special affinity to the proposed ions. The COFs have been
synthesized following mild synthesis conditions at room temperature and show an outstanding
retention rate towards the cations and retain almost all the concentration in short periods of time.
These results in addition to the outstanding properties of the materials, open a window to a broad
range of approaches to their processability[2], e.g., fabrication of membranes, composites or
monoliths[3], in order to treat real water samples.
⇧ Large retention capability.
⌚ Fast adsorption times.

Wastewater
contaminated
with metal ions

Water free of
pollutants
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Polyoxometalates (POMs) are a family of metal-oxide clusters that exhibit a wide structural
and compositional diversity. The combination of POMs with copper(II) complexes of macrocyclic
N4-tetradentate ligands has resulted in a suitable method to prepare extended frameworks which
display interesting functionalities such as i) the potential to selectively adsorb CO2 over N2 or ii)
the ability to undergo thermally-triggered single-crystal-to-single-crystal transformations
promoted by dehydration processes [1]. Now, we have decided to extend these studies to the
DMC (1,8-dimethyl-1,4,8,11-tetraazacyclotetradecane) ligand. Herein, we report on a series of
hybrid compounds that have been isolated from the reaction between the Anderson-Evans
Na3[H6CrMo6O24]·8H2O precursor and a two-fold excess of the in-situ generated [Cu(DMC)]SO4
complexes in different aqueous reaction media (i.e. pure water and solutions of alkaline metal
chlorides) at room temperature, because the presence of high-ionic strength has proved to favor
the crystallization of the desired products [2].
The assembly of inorganic and metalorganic building blocks has showed to be strongly
influenced by the presence of alkaline metal ions. Consequently, three different crystalline
compounds have been isolated and their structures elucidated by single-crystal X-ray diffraction.
If the reaction is carried out in an aqueous 1M NaCl solution, the
Na2[{Cu(DMC)}0.5{H6CrMo6O24}]·11.5H2O (1) salt is crystallized. This compound is constituted by
Anderson-Evans anions connected through octahedral {Cu(DMC)}2+ complexes axially
coordinated to POM oxygen atoms, which form hybrid chains running parallel to the [1-10]
direction. The coordination spheres of Na+ cations link these chains in the (11-1) plane. When the
reaction takes place in aqueous 1M LiCl, alkaline metal cations are not included in the final
product and the hybrid [{Cu(DMC)}2{H6CrMo6O24}]Cl·6H2O (2) is isolated instead. Each oxoanion
is connected through four octahedral {Cu(DMC)}2+ complexes to lead to POM-metalorganic
layers, with chloride anions occupying interlamellar spaces. The stacking of these layers along
the crystallographic x axis generates mono-dimensional voids, in which all the hydration water
molecules are hosted. In contrast, the use of pure water results in the covalent three-dimensional
framework [{Cu(DMC)}3{H5CrMo6O24}]SO4·6.5H2O (3). The crystal packing of 3 exhibits POM
clusters linked to six neighboring units through bringing octahedral {Cu(DMC)}2+ complexes. This
arrangement generates interconnected one-dimensional voids running along crystallographic [111], [211] and [12-1] directions, in which all the hydration water molecules, as well as sulfate
ions are hosted (Figure 1).

Figure 1. View of the crystal packing of 1, 2 and 3 along the [010], [100] and [211] directions,
respectively.
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Due to the abundance and cleanliness of the energy source, using solar energy to drive
chemical reactions for the production of useful chemical materials is an attractive alternative to
conventional carbon-heavy methods.[1] As a result of this, multifunctional materials that respond
to the stimulus of visible light is an ever-growing area of materials chemistry. Covalent and metalorganic frameworks (COFs and MOFs) form an emerging class of porous materials that combine
high molecular tunability, supramolecular functionality and excellent structural definition.[2]
Nevertheless, these frameworks have not been fully explored as light-harvesting materials, mainly
due to the electron-hole recombination process and wavelength absorbance range involved in
these materials.[3]
In this work, a model molecular complex containing ruthenium (II) complexes and a
tetrasubstituted pyrene unit has been synthesised (Figure 1). The enhanced light-harvesting
properties of this model complex have laid the foundations for the creation of a novel porous
framework material containing ruthenium (II) linkers with pyrene nodes for their use in lightharvesting applications. By utilising photoactive agents in both the linkers and nodes of the
framework, the overall harvesting of light is increased, and the window of light absorbance is
significantly expanded. Further to this, the implementation of this molecular model system with a
known photocatalytic system[4] is under current investigation to explore improved photocatalysis.

Figure 1: General schematic of targeted ruthenium-pyrene model complexes and materials.
(Rup – ruthenium photosensitiser, cat - catalyst)
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Prevalence of heavy metal ions in water is an environmental issue derivated from industrial
and mineral contamination. These metal ions such as Cd(II), Pb(II), Hg(II) or As(III) are a major
health concern worldwide due to their high toxicity, mobility and persistence. Covalent organic
frameworks (COFs) are an emerging class of crystalline porous materials suited for water
remediation due to their chemical stability and tailored design.[1] Within the existing variety,
nanoscale COFs offer an interesting approach in this field due to their high specific surface area
and colloidal stability in water.
Herein, we present a novel nanocomposite of iron oxide-COF (Tz-COF-Fe) in which
lepidocrocite (γ-FeOOH) nanorods are embedded in between the COF nanoparticles favouring
As(III) remediation in water.[2] The results obtained show an outstanding 98.4 % uptake capacity
in a few minutes in concentrated As(III) solutions and an impressive removal efficiency at neutral
pH. The chemical stability of the material in the range of pH 5-11 and its capability of capturing
other toxic heavy metals such as Pb(II) and Hg(II) without interference confirm its potential as an
effective adsorbent for water remediation even under harsh conditions (Figure 1).

Figure 1. Schematic representation of As(III) elimination in water performed by Tz-COF-Fe
nanocomposite.
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TAMOF is a porous, robust homochiral metal−organic framework (MOF), built from
copper(II) and an affordable linker prepared from natural L-histidine. Its chiral nature as well as
its channeled mesostructured, combined with an excellent stability stands for multiple potential
applications. For instance, its application as chiral stationary phase (CSP) and its use in chiral
chromatography for the separation of enantiomers of variety of model racemic mixtures, including
drugs, has been reported recently.[1] Herein, TAMOF was investigated as a heterogeneous
catalyst in kinetic resolutions involving the ring opening of styrene oxide in its intrinsically chiral
confined spaces.[2]
Upon reaction of styrene oxide with a set of anilines, branched products and unreacted
epoxide were obtained with moderately high enantiomeric excesses. The linear product arising
from the attack on the non-benzylic position of styrene oxide underwent a second kinetic
resolution by reacting with the epoxide, resulting in an amplification of its final enantiomeric
excess and a concomitant formation of an array of isomeric aminodiols. Computational studies
confirmed the experimental results, providing a deep understanding of the whole process
involving the two successive kinetic resolutions.

Figure 1. Ring-opening of rac-styrene oxide with aniline catalyzed by TAMOF.
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Metal-organic frameworks (MOFs) are crystalline materials with bi- and tri-dimensional
frameworks formed by the coordination of metal centres to organic molecules (ligands), which act
as bridges for those ions. Such bonding makes MOFs exhibit high porosity and open channels,
which are capable of taking up and storing gases and host molecules. Moreover, thanks to a
rational choice (in both, metal and organic ligand), MOFs can be designed for specific
functionalities[1],[2]. In this case, the correct selection of the ligand with a suitable functional group
allows to obtain MOFs with a intermolecular interaction preference for certain molecules and their
consequent detection. Furthermore, the selection of lanthanide ions allows the use of their widely
studied photoemission intensity, spectral profiles and lifetimes [3],[4].
In this way it has been demonstrated how the absorption of host molecules by Ln-MOFs
leads to a perturbation of their emission spectra, a phenomenon that can be exploited for the
detection of certain pollutants, making these materials excellent candidates for chemosensing.
We have studied three different deactivation mechanisms, and in addition to this three different
and unprecedent photoluminescent sensing schemes. Thereby, the exposition to 50 ppm of NO2
or SO2 triggers either an enhancement or decrease in the luminescence intensity depending on
the lanthanide ion (Europium or Terbium). However, the exposure of both materials to a pure CO2
stream shows that both lanthanides exhibit increased luminescence emission but in different
magnitudes. Thus, these behaviours coupled with density functional theory calculations allow us
to gain a deeper understanding of the binding mechanisms of different pollutants and their effects
on the luminescence of MOFs for their use as sensors.

Figure 6 a) Diamino terephtalic acid b) Ln_MOF_ref_crystal c) Ln_MOF_ref X-Ray
diffraction structure d) Tb_MOF_ref. behaviour in NO2 (50ppm) cycles e) Eu_MOF_ref.
behaviour in NO2 (50ppm) cycles f) Tb_MOF_ref. behaviour in CO2 (pure) cycles g)
Eu_MOF_ref behaviour in CO2 (pure) cycles h) Tb_MOF_ref. behaviour in SO2 (50ppm)
cycles i) Eu_MOF_ref. behaviour in SO2 (50ppm) cycles.
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Covalent organic frameworks (COFs) are porous materials formed through condensation
reactions of organic molecules via the formation of dynamic covalent bonds. Among COFs, those
based on imine and β-ketoenamine linkages offer an excellent platform for binding metallic
species such as copper to design efficient heterogeneous catalysts.
In this work, imine- and β-ketoenamine-based COF materials were modified with catalytic
copper sites following a metalation method, which favored the formation of binding amine defects.
The obtained copper-metalated COF materials were tested as heterogeneous catalysts for 1,3dipolar
cycloaddition
reactions,
resulting
in
high
yields
and
recyclability.
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Solar photocatalysis is an attractive process for the purification of air and water[1]. TiO2 is
the most used photocatalyst, but it suffers from a low catalytic surface, high electron-hole
recombination, and a high band-gap which requires the use of UV radiation for its activation. Thus,
the development of solar-driven photocatalysts is required for real, safe, and cost-effective
photocatalytic degradation processes. A coupled semiconductor is a good strategy to develop
solar-driven photocatalysts, but they still suffer from electron-hole recombination and low surface
area. In this sense, the miniaturization of the photocatalytic active phase particle size increases
the external surface area which could affect the electron-hole recombination and thus, the
catalytic performance. In this work, different mixed oxides nanoparticles were synthesized and
tested as solar driven photocatalysts in air purification.
The solar driven mixed oxide nanoparticles M1M2.np (M: Ce, Zr, Zn, Ti) were prepared in a
mass ratio M1/M2 of 1:1 by the two-emulsion method using the corresponding metal nitrates as
precursors. In the case of Ti-based nanoparticles, TiCl4 was used as a precursor. These
innovative synthesis nanomaterials are developed to enhance photocatalytic activity and solar
light utilization. Pure samples were also prepared as reference material. The physicochemical
properties of the mixed oxides nanoparticles were deeply characterized by XRD, UV-vis DRS,
Raman Spectroscopy, TEM, and N2 adsorption/desorption.
Finally, pure and mixed nanoparticles were obtained present a surface area of 116 to 220
m2/g for Zr.np and ZnTi.np, respectively. In all studies, materials were obtained as mixed oxides
(except for: CeZn.np). The XRD, inserted in Figure 1, shows the formation of a new mixed
crystallographic phase for Ce.np, Zr.np, and CeZr.np. The calculated band gap was 2.88, 3.15,
and 2.60 eV (Figure 1) for such samples, which indicated the possibility to use solar radiation for
pollutant degradation.
To test the solar-driven photocatalysts prepared in air purification, formaldehyde was
selected as probe molecule. This is an essential organic molecule classified as a volatile organic
compound (VOC), one class of airborne contaminants that are emitted in both industrial activities
as indoor environments due to processes such as heating and cooking and furniture, textiles, and
carpeting. The harmful effect the formaldehyde on human health begins with its irritating odor that
causes diseases like skin, eye and nose irritation, allergic reaction, emphysema, and is
considered carcinogen potential (Class I by the World Health Organization). However, this
substance has attracted significant attention for fundamental uses in daily life and many industrial
productions.

Figure 1. Ce.np, Zr.np, and CeZr.np. TEM, XRD and Raman Spectroscopy results.
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Nowadays, there is a great urgency to develop clean and sustainable technologies related
to renewable energy sources, being hydrogen an alternative energy vector to fossil fuel-based
energy. In this context, proton exchange membrane fuel cells (PEMFCs) technologies are among
the most competitive ones (i.e. already employed in cars).1 Unfortunately, their widespread
commercialization is currently mainly hindered due to their high manufacturing cost and the loss
of efficiency with time as the employed electrolytes (purely organic materials) degrade over time.2
Thus, there is a great urgency for the development of efficient durable, inexpensive and
environmentally friendly PEMFCs components. In particular, high stable and efficient proton
conducting materials to act as electrolyte under broad conditions (relative humidity and
temperature) are needed.
Metal-Organic Frameworks (MOFs) appear to be promising materials for PEM
electrolytes.3 MOFs are porous coordination polymers, based on inorganic units linked by organic
polycomplexant ligands, that can present an exceptional porosity (up to 7000 m2·g-1) and welldefined structures that can be easily tuned (both in composition and topology), being possible to
adjust their properties as a function of the desire application. In addition, they present higher
stability compared to organic polymers currently used as electrolytes.
In the present work, we investigate the potential as electrolytes in PEMFCs of MOFs and
MOF composites prepared by the following strategies:4 (i) synthesis of intrinsically conductive
MOFs based on organic ligands with labile protons, (ii) insertion of a proton carrier within the
porosity of the MOF, and (iii) cation exchange of the labile protons present within the framework.
First, we developed a new MOF structure, denoted IEF-7 (IMDEA-Energy Frameworks), based
on Bi and pyrene tetraphosphonic acid, exhibiting both a high chemical and thermal stability and
high and cyclable proton conductivity in the order of 10-2 S·cm-1. This material shows great
potential to be introduced in a mixed matrix membrane (MMM) and current investigations are
ongoing. Furthermore, we studied the proton carrier insertion and the ionic exchange in a wellknown robust MOF, the zirconium phosphonate UPG-1. We demonstrated that the insertion of
the proton carrier lysine within the porosity led to a higher stability and cyclability of the material.5
As for the ionic exchange, a considerable increase of the proton conductivity could be observed
(up to 2 orders of magnitude) when exchanging the labile protons for potassium cations and this
material was successfully shaped in a MMM.6 Therefore, MOFs can be key in the development
of the components of next generation PEMFCs.
Acknowledgments:The authors acknowledge the Ramón Areces Foundation project H+MOFs
and the M-ERA-NET C-MOF-cell project.
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At present, it is known that natural waters contain a variety of different toxic substances, of
which organic dyes from the textile and paper industries are an important source of environmental
contamination [1]. The release of these coloured wastewaters in the ecosystem is an important
source of pollution, eutrophication, and perturbation of aquatic life. Therefore, the development
of treatment technologies that allow to achieve the elimination of these organic pollutants and
guarantee the quality of the treated waters is of great importance. Among the various available
techniques used to remove organic pollutants, due to is low cost, simplicity and efficiency,
adsorption using porous materials as sorbents has emerged as one of the most attractive
methods for water remediation [2].
Although many porous materials such as carbons, zeolites and metal-organic frameworks
have been tested for the extraction of organic pollutants [3], the laborious and time-consuming
retrieval of these porous materials from the sample medium, hinders their direct application for
the extraction of pollutants under batch conditions. An interesting alternative to overcome this
drawback is the use of magnetic sorbents, which allows the dispersion of the sorbent in a large
amount of sample and facilitates its retrieval by simply using an external magnet.
In this work, we report the preparation of magnetic hybrid MOF@carbon materials, which
integrate the advantageous properties of both MOFs and magnetic carbons. For that, magnetic
porous carbons have been prepared by calcination of the metal-organic frameworks MIL-100(Fe)
and MOF-74(Co) in inert atmosphere. Then, partial growth of different MOFs has been carried
out on the obtained carbons using the metallic particles present in their structures as metallic
precursors, so forming core-shell MOF@carbon novel structures.
The advantageous features of the developed materials for the magnetic dispersive solid
phase extraction of pollutants have been studied using Congo red and Rhodamine B as model
dyes. The obtained hybrid materials showed high extraction capacity, fast kinetics and were easily
regenerable.
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Over recent decades, due to their crystallinity, high surface area, tunable pore sizes and
chemical versatility, Metal-Organic Frameworks (MOFs) have been evaluated as adsorbent for
the solid-phase extraction of organic pollutants [1]. Nevertheless, one of the most important
barriers in the applicability of MOFs as sorbents is their limited stability in water. In this regard,
MOFs-derived porous carbons, obtained by direct carbonization of MOFs under inert atmosphere,
have demonstrated great potential for the extraction of environmental pollutants [2].
In this work, carbons with high porosity have been obtained by direct calcination at high
temperature of the metal-organic frameworks UiO-66 and MIL-100(Fe) in N2 atmosphere,
followed by a treatment with acid. The crystallographic, morphological and textural
characterization of these materials has been carried out by X-ray diffraction, scanning electron
microscopy and N2 adsorption-desorption isotherms at 77 K.
In order to facilitate their applicability, the prepared materials have been incorporated onto
different commercial supports; UiO-66-derived carbon was deposited on nylon membrane and
MIL-100(Fe) carbon on a melamine-formaldehyde sponge.
The developed UiO-66-derived carbon membrane showed excellent flow-through
properties (750 L m-2 h-1) and high performance for removal of rhodamine B dye, being able to
treat 730 mL of dye solution before reaching the breakpoint of the membrane. In addition, the
membrane showed excellent recyclability and the ability to carry out the simultaneous extraction
of 4 phenolic compounds.
On the other hand, the resulting MIL-100(Fe)-derived carbon sponge, due to its porous
structure and its high hydrophobicity, exhibited excellent selectivity, high absorption capacity and
good recyclability to remove different oils and non-polar solvents from water. Moreover, the
developed sponges, in conjunction with a vacuum system, can be used for continuous separation
of oil pollutants from the water surface.
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Colloidal nanoparticles (NPs) are a versatile potential platform for in vivo nanomedicine
and need to navigate a complex microenvironment to interact with cells in specific tissues after
their administration. For this reason, some of their properties as the size, the porosity or the
surface functionalization are critical for their application as drug delivery systems (DDS).
Herein, we studied two porous nanosystems aimed for drug delivery: i) zeolitic-imidazolateframework-8 (ZIF-8); and ii) a Zr-based metal organic framework (UiO-67). Both systems were
synthesized and loaded with the fluorescent labeled molecule Cresyl violet (CV) inside the pores
of the structures. Then, the NPs were further functionalized with relevant-biological molecules.
The aim of this project was the analysis of their interaction with cells through endocytic pathways
and to study their possible application as drug delivery systems (DDS).
After the CV loading, the 150 nm particles (ZIF-8 and UiO-67) were water stabilized using
an amphiphilic polymer (poly-[isobutylene-alt-maleic anhydride]-graft-dodecyl, PMA) modified
with a dibenzo cyclooctyne group (DBCO)[1]. This way, not only the particles showed higher
colloidal stability in different biological-relevant media, but also the DBCO group on their surface
allowed the rapid functionalization via click chemistry. Specifically, the studied molecules were
Polyethylene glycol-azide (PEG-N3), Mannose-azide (Man-N3) and a Tamra-labelled cell
penetrating peptide-azide (CPP-N3), where the group N3 reacts with the DBCO on the surface of
the ZIF-8 and the UiO-67 nanoparticles within 30 minutes.
The resulting nanosystems were characterized using different techniques showing no
differences in the morphology nor the crystallinity of the particles, before and after the loading and
the functionalization. Moreover, we analyzed the stability of the loaded CV at different media for
times up to 24h, proving that for both ZIF-8 and UiO-67, the CV encapsulated was stable with no
significant release in any of the samples. Finally, we studied the interaction of these nanosystems
when incubated with mammalian cells, showing the CV-loaded nanoMOFs were efficiently
internalized and did not impair cell viability even at relatively high doses. As expected, differences
in the uptake were observed among each of the studied nanosystems (with PEG, Man and CPP)
proving the efficiency of the surface functionalization. This advance can lead to enhanced
strategies for surface engineering of NPs and drug delivery effectiveness.
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Porous organic materials with 2-D conjugated polymeric structures exhibit interesting electronic
properties with potential applications in areas such as optoelectronics and sensing, due to the
conductivity, low dimensionality, high surface area and ordered arrangement of active sites in
their structures [1]. The use of conjugated and planar ligands, such as phthalocyanines (Pcs) or
metal phthalocyanine (MPcs) derivatives, has been reported for the construction of 2D MOFs
(Metal-Organic Frameworks) [1] and 2D COFs (Covalent Organic Frameworks) [2].
Phthalocyanines (Pcs) are tetraazo derivatives and planar macrocyclic compounds, formed by
four isoindole units connected by four nitrogen atoms, forming an inner ring with alternating
carbon and nitrogen atoms. In addition, these compounds can have modifications in the peripheral
zone with different substituted groups, such as the annulated ring of diazepine [3], giving more
conjugation to the macrocyclic formed.
In this work we focus on the synthesis and characterization of a family of phthalocyanine
derivatives using curcuminoids (CCMoids) as precursors. The chosen CCMoids can be modified
to form phthalodinitrile intermediates, as shown in Figure 1. In this way, we can design porous
organic materials by condensation of the different phthalocyanines prepared (Figure 1).

Figure 1. Scheme of COF formed by condensation of diazepineporphyrazine macrocycles
based on CCMoid systems.
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As an ecological intervention, new materials capable of capturing CO, CO2 and SO2, among
other gases, are needed. In this line, metal-organic frameworks have been proven to be useful
for gas storage.[1] For instance, in the Hofmann-type frameworks {FeII(L)[MII(CN)4]}·nH2O (L =
pyrazine (pz); MII = Ni, Pt or Pd; n = 2), the MII centers can bind CO, CO2 and SO2 gases (Fig.).[2,3]
Moreover, the FeII (3d6) centers can reversibly switch between the diamagnetic and the
paramagnetic states which, in turn, leads to magnetic, optical, and structural changes[4,2] in
response to external stimuli i. e. spin crossover phenomena (SCO). Ab initio calculations and
spectroscopic measurements have been combined to study the binding mechanism of such
molecules to SCO Hofmann clathrates. Preliminary results are herein presented.
In addition, the development of chemical sensors for the identification of toxic volatile
organic compounds (e. g. formaldehyde and benzene) is of major importance. SCO MOFs
exhibiting reversible and drastic changes in their physicochemical properties induced by the
presence of analytes are very promising for the construction of chemosensory devices. In this
regard, we have developed more selective SCO Hofmann-type frameworks based on ligands
featuring specific functional groups that can undergo chemical reactions with target molecules.
The reaction between the receptive functional group and the target molecule alters the ligand field
felt by the SCO center, therefore, affecting its physicochemical properties. As a consequence,
different techniques can be used to follow this phenomena, thereby, making such materials
suitable for the construction of chemo-sensors.[5]

Bare {Fe(pz)[MII(CN)4]} and loaded with CO (green: Fe, light blue: N, black: C, pink: MII, white:
H)
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The extensive use of highly toxic organophosphorus pesticides had led to their accumulation and
consequent water pollution. On the other hand, phosphate, obtained from non-renewable
phosphate rock sources, is the main phosphorous fertilizer used in agriculture. Unfortunately, only
one-fifth of it reaches the global food chain with the major share being leaked to soil/aquatic media
leading to severe environmental problems (eutrophication). For this reason, the design of new
strategies aimed at contributing to the P circular economy is of paramount importance. In this
context, metal-organic frameworks (MOFs), have been explored for phosphorus-pollutants
detoxification due to their unique adsorbent properties.

Figure 1. Adsorption and selective recovery of fenamiphos and phosphate from wastewater by
Zr-based MOF.
In this work, Zr-based metal-organic framework [Zr6(μ3-O)4(μ3-OH)4(OH)4(H2O)4(1,3,6,8tetrakis(p-benzoate)pyrene)2] (NU-1000) has been successfully used to remove phosphate and
fenamiphos, an organophosphorus pesticide, from water solutions under dynamic conditons and
in the presence of relevant interferences. The results show that NU-1000 is able to adsorb 0.19
mol mol-1 of phosphate, reaching a plateau after 20 min, while 0.89 mol mol-1 fenamiphos is
captured after 120 min. Afterwards, a three-step strategy has been designed allowing quantitative
recovery of both phosphate anions and fenamiphos, separately, and ulterior adsorbent
regeneration (Figure 1)[1].
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Bisphenol A is widely used as stabilizer in the production of polycarbonate plastics and
epoxy resins. Due to its wide usage, BPA has been detected in urban and industrial wastewaters
and even in drinking waters. Moreover, BPA may cause various adverse effects on aquatic
organisms even at low exposure levels and is recognized as an endocrine disrupting chemical
[1]. For this reason, several methods are developed to remove BPA from aqueous solutions,
including adsorption, biological oxidation, sonochemical oxidation, and photochemical oxidation.
Currently, Fenton oxidation processes are one of the most efficient and widely utilized
wastewater treatments [2]. In this context, magnetite nanoparticles is a promising Fenton-like
catalyst for the treatment of polluted wastewater owing to its rapid reaction and low-cost [3]. On
the other hand, the behavior of copper as a Fenton catalyst is also very promising [4]. However,
bimetallic catalysts in some cases have better catalytic performance than their monometallic
counterparts because of the synergistic effect between the metals [5]. For this reason, the role of
interaction between iron and copper in a heterogeneous catalytic Fenton-like process has
attracted much attention and is currently widely studied.
In this work, we report the carbonization of Fe/Cu-BTC metal-organic framework (CFe/Cu-BTC). The bimetallic carbon was characterized and tested for the Fenton degradation of
bisphenol A (Figure 1). The results demonstrated that C-Fe/Cu-BTC is an efficient potassium
persulfate activation catalyst for the degradation of 50 ppm of BPA in 60 minutes.

Figure 7. Fenton degradation of BPA catalyzed by C-Fe/Cu-BTC.
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Sulfur mustard gas, classified in chemical warfare agents (CWAs) has detrimental effects on
humans, as vesicants, blistering of skin upon contact. The low amount of this mustard gas can
be fatal [1]. The oxidation of sulfur mustard is the most promising route for detoxification.
Crystalline and porous metal-organic frameworks (MOFs) materials on porous activated carbon
sphere (PACS) have attracted great attention in the field of detoxification due to their porous
structures, large surface areas, efficiently capturing these extremely toxic chemicals. In our
previous work, we successfully synthesized zirconium-based MOFs (UiO-66-NH2) over the
surface of PACS (suited as fillers on mask cartridges) for the capture of the organophosphate
nerve agent simulant and degradation of this agent by hydrolyzing reaction [2].
In this work, we successfully integrated three dimensional (3D) Covalent-Organic Frameworks
(COFs) on the surface of UiO-66-NH2@PACS. By anchoring UiO-66-NH2 onto the surface of
COF-300, a new type of MOF@COF hybrid materials is synthesized by the layer-by-layer (LBL)
method. The resulting hierarchical porous COF-300@UiO-66-NH2 shows an effective banding
gap for efficient photocatalytic activities when it is grown in the surface of PACS. These
composites behave as self-cleaning materials in the capture and degradation of the sulfur mustard
2-chloroethyl ethyl sulfide (CEES) under UV irradiation (Figure 1).
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NH2

NH2
NH2
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MOF Crystals

NH2

NH2

Porous activated
carbon sphere
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NH2

NH2

NH2

UiO-66-NH2@PACS

Figure 1. Synthesis scheme of COF-300@UiO-66-NH2@PACS and photodegradation scheme
of CEES with COF-300@UiO-66-NH2@PACS.
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Diclofenac sodium (DCF) is a common non-steroidal anti-inflammatory drug (NSAID) used
as an analgesic for treating various inflammatory diseases. Although part of DCF can be
metabolized in the human body, the rest is discharged into the water becoming a health threat.[1]
Thus, DCF has emerged as a pollutant worldwide and its presence in the aquatic environment is
an important concern to consider and investigate.
To date, many different treatments have been developed to remove pollutants from natural
waters, such as photocatalytic degradation, adsorption, separation, ozonation, biodegradation,
etc. Among them, adsorption is one of the most attractive procedures for water decontamination
due to its simple operation, low cost, and no generation of harmful secondary products.
Metal-organic frameworks (MOFs) have recently received great attention as a novel kind
of adsorbent materials in the environmental remediation.[2] Thanks to their porosity, high specific
surface area, and good chemical/thermal stability, MOFs can be potentially used for the removal
of NSAIDs with high efficiency. However, they are difficult to separate from water after the
extraction process. Thus, the preparation of a magnetic MOF could be a possible approach to
improve their practical applicability.[3]
In this work, we present a novel magnetic carbon@MIL-100(Fe) material for the removal
of DCF. Initially, an iron-containing magnetic carbon was obtained by the calcination of a
benzene-based hyper cross-linked polymer. Later, MIL-100(Fe) was grown on the carbon to
obtain a magnetic MOF, using different reaction times and ligand concentrations. The magnetic
hybrid was used as adsorbent for the extraction of DCF from aqueous solution. Adsorption kinetic
studies fitted a second-order model and equilibrium data were described by Langmuir adsorption
model, reaching a maximum DCF adsorption capacity of 210 mg g-1. Moreover, carbon@MIL100(Fe) showed excellent recyclability up to 5 consecutive adsorption/desorption cycles.
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MULTIVARIATE METAL-ORGANIC FRAMEWORK (MTV-MOF). MTV-MOF
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Natural enzymes stand out for their reactivity, selectivity and the ability to speed up
reactions. In this study, we focus on Multivariate Metal-Organic Frameworks (MTV-MOFs) to
construct mimics of the active centers of enzymes, and eventually, emulate the bioenzymatic
catalytic processes that take place in natural enzymes. In this context, the channels of each MTVMOF represent a unique and singular environment and offer unprecedented opportunities.[1] In
this
work,
a
previous
reported
MTV-MOF
{SrIICuII6[(S,S)-methox]1.50[(S,S).
[2]
Mecysmox]1.50(OH)2(H2O)} 36·H2O (1) has been used as chemical nano-reactor to construct
mimics of active centers of enzymes. 1 show hexagonal channels, where both types of amino
acid residues derived from α-amino acids, L-methionine and L-Methylcysteine, coexist. This
confers 1 adequate physico-chemical properties to be used as host of bioenzymatic catalytic
processes. In particular, the aim of this study is to build a complex that mimics the ones found in
Fe hydrogenase enzymes through the post-synthetic (PS) incorporation of an iron complex,
triirondodecacarbonyl (Fe3(CO)12). This PS process has been carried out under inert conditions
(N2 atmosphere). Single-cristal X-Ray Diffraction (SCXRD) has been used as a basic
characterization technique and shows the coupling of the iron atoms within the channels of the
MTV-MOF, which is a promising result to act as hosts of bioenzymatic catalytic processes.

Figure 1. Structure of (1)
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Metal-organic frameworks (MOFs) are promising photoactive materials due to the strong
interaction, the rigid environment with a fixed geometry and distance between the metallic node
and the organic linkers that favor the photoinduced electron transfer from the organic linker to the
positively charged metallic nodes, resulting in an efficient charge separation. [1] Here we report
the functionalization of the lattice of UiO-67 MOF with ruthenium(II) bis(2,2′-bipyridine) (2,2′bipyridyl-5,5′-dicarboxylic acid), Rudcbpy, as a strategy to increase the visible light photoresponse
of the MOF. This methodology is of particular interest to develop photochemical applications that
operate under solar light irradiation. Transient absorption spectroscopy allowed us to get
experimental evidence of the photo-generation of a very long lived (millisecond time scale) charge
separated state upon visible light excitation of the Rudcbpy-UiO-67(Zr) MOF. Then, we study the
use of this visible responsive MOF-based material in photocatalysis as well as to prepare a solar
cell. Rudcbpy-UiO-67(Zr) behaves as a heterogeneous, reusable, photoredox catalyst promoting
debromination of α-bromoketones with excellent selectivity at high conversions [2] (Figure 1a).
Furthermore, Rudcbpy-UiO-67(Zr) MOF can be used as the active component for the
development of a solid state solar cell, being the spiro- MeOTAD (MeOTAD 2,2‘,7,7‘-tetrakis[N,Ndi(p-methoxyphenyl)amino]-9,9′-spirobifluorene) the hole transporting layer and avoiding the use
of liquid electrolytes that can deteriorate the crystal structure of MOFs [3] (Figure 1b). Overall, the
present study have shown that the common strategies used in photocatalysis to enhance the
photocatalytic activity of MOFs can also be applied in the field of photovoltaic devices.

a

b

Figure 1. Application of Rudcbpy-UiO-67(Zr) MOF as a) photocatalyst for the debromination of
α-bromoketones and b) as semiconductor for the development of a solid state solar cell.
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INCLUSION IN A NONPOROUS COORDINATION POLYMER:
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Beyond zeolites, alternative porous materials such as metal–organic frameworks (MOF)
and covalent organic frameworks (COF) have provided a variety of materials with potential
applications ranging from sensing to catalysis1,2. However, less attention has been paid to
nonporous materials acting in a porous fashion, probably because of the lack of structural data.
Herein, we present the unprecedented selective solid–vapour sequential inclusion of pyridine in
a nonporous Fe(II) coordination polymer2,3. Even though this reorganization leads to a dramatic
transformation of the initial 2D structure, through a 1D intermediate structure, to a 0D compound,
these transformations remain single-crystal to single-crystal4. Remarkably, pyrazine substitution
is accompanied by a naked-eye colour change, and the process is reversible. In addition, this
molecular process also takes place when the coordination polymer is embedded in a polymeric
matrix.

Fig. 1 (a) The Fe(II) coordination environments in 1 (left), 2 (center), and 3 (right). Coordination
sphere and packing views of 1 (b), 2 (c), and 3 (d).
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Spin-crossover (SCO) complexes, characterized by their capacity to switch between low
(LS) and high spin (HS) electronic states upon external perturbations, [1] are a mainly attractive
group of materials due to their potential applications such as sensors, data storage an d
display devices. [2] Regarding these materials, recent studies have focused on introducing
SCO centres in porous metal-organic frameworks (MOFs), as they are potential candidates
for various functions such as storage and separation of volatile molecules due to their
versatility and porosity. In addition, these properties of SCO MOFs with the combination of
electrical conductivity offers unique technological possibilities for their integration into
functional devices. [3]
In this regard, an iron−tetrazolate MOF[4] has been synthesised in which the spin transition
of the metal centres and the structural changes that occur at high temperatures have been
investigated. In addition, the effect of these structural transformations on the charge transport
properties has been studied at different temperatures, observing that the conductivity
increases when heating and also follows a trend that correlates with the evolution of the lattice
parameters. Furthermore, future research will study how the exchange of water molecules for
other volatile compounds affects the transport properties for their application as molecular
sensors.

Fig. 1 a) I vs T curve. Inset: optical image of 1 at RT, 2 after heating up to 353 K and 3 to 423 K
and subsequent change of color and length (in mm) in plane ab. b) Crystal structures of 1, 2
and 3, where LS Fe is represented in black, HS Fe in orange, N in blue, C in grey and O in red.
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Metal-organic frameworks (MOFs) are relatively new porous materials that are synthesized
by binding organic ligands to metals. Thanks to their ultra-high surface area, well-defined
structure, precise design ability and flexible adaptability, MOFs are used in many applications,
such as gas storage, separation, drug delivery, or catalysis, to cite a few. As far as catalysis is
concerned, this type of material can have catalytic activity due to: active sites located at metal
nodes, at organic linkers or encapsulated metal particles inside the structure of Metal-Organic
Frameworks. In the last 5 years, these materials have been shown to serve as a support for the
obtention of single-atom catalysts (SACs), but the number of MOF-supported SACs that have
been reported so far is very limited.[1] In this work, we present a novel environmentally-friendly
MOF based on Zn, derived from the natural amino acid L-methyl cysteine, with formula
{CaIIZnII6[(S,S)-Mecysmox)3(OH)2(H2O)}·8H2O (Mecysmox = [bis [(S)-mecystine]oxalyl diamide])
and its subsequent application as chemical nano-reactor for the formation of Pd- and Ag-SACs
using post-synthetic methods. Interestingly, we were able to solve by single-crystal X-ray
diffraction (SCXRD) the precise chemical structure of the Pd- and Ag-SACs@MOF, which
unveiled unique snapshots of their stabilization, as well as accessible void space to perform
specific catalytic reactions. These results presented show the possibility of supporting active
metal sites on MOFs allowing not just their catalytic application in fine chemistry reactions, but
also their reuse and recovery for potential industrial applications.[2]

a)

b)

Figure 1. Perspective view along the c axes of Pd-SACs@MOF (a) and Ag-SACs@MOF (b).
The framework is shown in grey, sulfur atoms of the ligand in yellow, palladium in blue and
silver in purple.
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Herein, a reproducible and straightforward size-controlled synthetic procedure to obtain
nanocarriers based on UiO-66 (Zr 1,4-benzenedicarboxylate), UiO-67 (Zr biphenyl-4,4’dicarboxylate) and UiO-67-bpy (Zr 2,2'-bipyridine-5,5'-dicarboxylate) is reported.
We outlined a project to obtain UiO-based nanoparticles (NPs) below 150 nm which could
be used for biological applications such as drug delivery. For this, UiOs show themselves as very
suitable particles because of their aqueous stability, structural robustness and porosity.[1]
Amongst all of them, UiO-67 seemed the best candidate because of its balance between stability
and pore size and surface area.[2,3]
Dynamic Light Scattering (DLS) was performed to evaluate the colloidal stability of the
particles in water. The morphology and size were characterized by Scanning Electron Microscopy
(SEM), Nanoparticle Tracking Analysis (NTA) and DLS as well. Inductively Coupled PlasmaOptical Emission Spectrometry (ICP-OES) was also carried out to obtain the yield of the reactions.
Moreover, the thermal stability and the presence of defects were evaluated by Thermogravimetric
Analysis (TGA) while the BET (Brunauer-Emmet-Teller) surface area was obtained by N2 sorption
measurements.
The NPs of UiO-67 (nanoUiO-67) were used for the encapsulation of Rhodamine 6G
(R6G), which is a fluorescent dye, to evaluate the loading capacity of the nanoUiO-67. This works
as a previous step for drug loading and drug delivery.
As not so many nanoUiO-67 have been previously reported,[4] our results help to push the
knowledge about the nanoUiOs and their properties and suitability for biological applications.
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Phenylethylene derivatives have been used for the construction of many interesting materials like
MOFs and HOFs [1,2]. Understanding their photobehaviour is paramount to unravel those of
MOFs and HOFs. Here, we report on the photophysical and photochemical behaviour of a new
phenylethylene compound (TTECOOBu) (Figure 1A). We show the occurrence of ultrafast
intramolecular charge transfer reaction and twisting motion in different solvents and at different
times leading to a largely Stokes shifted emission. We also show that upon relatively strong UV
irradiation, the sample in solution is converted to other blue emissive structures in which the
reaction of the intermediate one is clearly oxygen dependent (Figure 1B). We will discuss the
results with the aim of making new photoresponsive materials.

Figure 1. A) Molecular structure of TTECOOBu. B) Emission spectra of TTECOOBu in a DCM
solution upon irradiation with UV-light (365 nm).
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Hybrid organic-inorganic materials are a key focus within the nanoscience area as they
combine the advantages of inorganic materials (high thermal, mechanical, and structural stability)
without losing characteristics intrinsic to organic molecules (flexibility and functionality). The
combinations that can be established between different organic fragments bearing one or more
functionalities are nearly infinite, and therefore, structured materials with tailored properties for
specific applications can, a priori, be designed. In the past years, our research group has
designed and synthesized hybrid siliceous xerogels (HSXG) with porosities and surface
chemistries on demand for a range of applications, such as membranes for fiber optic sensors.[1]
Although HSXG are mainly amorphous materials, recent studies by our group have demonstrated
that introducing specific organic fragments on the precursors can induce self-organization during
the sol-gel process to obtain a series of nanostructured HSXG.[2]
In the present work, the applicability of this type of HSXG takes a step forward by using
them as host matrices for optically active coordination complexes based on lanthanide cations
(HSXG-Ln). For this reason, as shown in Figure 1, a series of HSXG-Ln doped with Eu(III) or
Tb(III) cations and a water soluble pybox-type antenna ligand have been prepared and
characterised by means of FTIR, 29Si NMR, N2 and CO2 adsorption, FE-SEM, X-Ray diffraction
and photoluminescence spectroscopy. Inclusion of photoluminescent guests in nanostructured
siliceous hybrid xerogels will allow the design of new materials that benefit from the synergy
between complex/matrix properties to achieve promising perspectives as sensors or materials
with applications in solar cells devices.

O

O

N

Dropw ise
addition

Dropw ise
addition

Sol-Gel
Process

N

N
O

O

Pybox-EG in water

Eu(N O 3)3
or Tb(N O 3)3

TEOS + RTEOS or ClRTEOS
EtOH and H 2O
R= methyl, ethyl, propyl

Luminescent hybrid
xerogels

Figure 1. Synthesis of luminescent hybrid xerogels with Tb(III) and Eu(III)
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METALS AS CATALYSTS FOR BOTH OXYGEN REDUCTION REACTION
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Heterogeneous ElectroFenton (EF) is an attractive process for pollutant removal, where
H2O2 is generated in situ by electrochemical oxygen reduction (ORR) and simultaneously
activated to ·OH on the Fenton catalyst. Ideally, both processes take place on the same catalyst.
However, ORR can occur via two routes: 4e- generating H2O or 2e- obtaining H2O2. The selectivity
of the process depends on the interaction of O2 with the active center, so that a too strong
interaction leads to the generation of H2O instead of H2O2[1]. The design of bifunctional EF
catalysts is challenging, since active sites for Fenton consist mainly of transition metals that
catalyze ORR via the 4e-pathway. Therefore, there is a need to synthesize materials that contain
Fenton-like metals but moderate the interaction with oxygen so that ORR takes place via the twoelectron pathway [2]. Thus, in this work we propose the synthesis of carbon xerogels doped with
different transition metals such as Cr, Mn, Fe, Co, Ni and Cu, to be used as bifunctional electrodes
for the electroreduction of oxygen to H2O2 and the electro-Fenton degradation of emerging
pollutants. It has been observed that the interaction between active site/oxygen species, and
consequently the ORR performance, is affected by several catalyst properties such as the
presence, type and dispersion of the metal, degree of graphitization/conductivity (Figure 1) of the
carbon samples and textural properties.

Figure 1. XRD diffraction of pure (CX) and metal doped carbon xerogels (MCX-100)
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PAFs (Porous Aromatic Frameworks) solids are three-dimensional open-structured
polymeric organic materials based on rigid aromatic units linked by covalent bonds.[1] Their
intrinsic properties (high stability and robustness, high surface area and porosity, determined
hydrophilic-hydrophobic character and electron-rich structure), in addition to their versatility for
functionalization, are suitable for their application in several areas: environmental problem
resolution,[2] disease diagnosis[3] or applications in heterogeneous catalysis in line with the
principles of Green Chemistry. The enantioselective potential of these materials has been slightly
explored by incorporation of privileged chiral ligands through different strategies such as
introducing L-proline[4] or integrating chiral adamantyl-binaphthyl[5] derivatives in PAF-2D.
Given the aromatic characteristics of the 1,1’-binaphthyl unit, the idea of its introduction
into this type of solids is attractive. Such skeleton is easily functionalized with hydroxyl groups,
which are derivatized to others such as disulfonimide.[6] Our research group has studied the
synthesis and, characterization of homochiral PAFs in their structure: PAF-6,6’-(R)-BINOL and,
PAF-3,3’-(S)-BINBAM (Scheme 1). Additionally, the catalytic activity of PAF-BINOL has been
tested in the enantioselective addition reaction of diethylzinc to carbonyl compounds for the
synthesis of optically active secondary alcohols, which are part of many biologically active natural
compounds and are synthetic intermediates of other functional groups, such as amines, ethers,
etc.[7] On the other hand, PAF-3,3’-(S)-BINBAM has been studied as a heterogeneous catalyst in
the Mukaiyama aldol reaction, where it is assumed to have participated as a Lewis acid producing
a mechanism of Asymmetric Counteranion-Directed Catalysis (ACDC),[8] and in double bond
reduction of carbonyl ,-unsaturated compounds, by a hydrogen transfer mechanism assisted
by Hantzsch ester.

PAF-3,3’-(S)-BINBAM
PAF-6,6’-(R)-BINOL

Scheme 1. Structure PAF-6,6’-(R)-BINOL and PAF-3,3’-(S)-BINBAM.
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Silica materials (SiO2), such as silica xerogeles, have been widely used as matrices for
different substances due to their ease of preparation, textural and morphological versatility and
stability. In the last decades, the incorporation of luminescent guests into the non-emissive silica
matrix has been a major topic of research, due to their application as optical sensors, among
others. [1] One of the most common synthetic strategies to prepare these materials is to place in
contact solutions of Ln(III) complexes with already prepared silica materials, but it usually yields
materials with an heterogeneous distribution. [2] To avoid this issue, a different approach was
considered consisting on the addition of a lanthanide precursor and an antenna ligand to the
synthesis media, where the photoactive complexes are formed in situ.
In the present work, two series of lanthanide dopped silica xerogeles were prepared
employing the sol-gel method to obtain optically active porous materials. These materials were
synthetised from tetraethoxysilane (TEOS) as the silica precursor following a method previously
described. [3] During the synthesis Tb(III) or Eu(III) and a water-soluble antenna ligand were
added: 3-Hydroxypicolinic acid (1), chelidamic acid (2), or a non-commercial water soluble pybox
(2,2′-(4-(2-Ethoxyethoxy)pyridine-2,6-diyl)bis(4,5-dihydrooxazole))
(3).
[4]
Luminescent
complexes were formed in situ and embbebed in the silica matrix, as it was confirmed by the
fluorescence spectra. On the one hand, the luminescent materials dopped with Ln(III) and the
antenna ligand 2 or 3 showed the characteristic emission bands of Eu(III) or Tb(III) ions
associated to the electronic transitions 5D0  7FJ and 5D4  7FJ, respectively. On the other hand,
the materials prepared with 1 slightly showed the typical red or green emission (Eu(III) and Tb(III),
respectively) under UV lamp, being the blue emission of the free ligand the most intense.
Nevertheless, once the monolith was dried under vacuum at 100 ºC the Ln(III) emissions were
more intense than the ones of the free ligand. The morphological study of the xerogels by means
of N2 adsorption showed that the specific superficial area and porosity were narrowly related to
the doping agents and therefore, materials with tuned optical and textural properties were
successfully obtained.
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Metal Organic Frameworks (MOFs) are a class of porous materials composed of metal
nodes and organic linkers. Their modular nature allows great tunability of their chemical
composition, pore architecture and functionality. Furthermore, the combination of several different
building blocks in the MOF synthesis enables to increase their structural complexity by
synthesizing multicomponent MOF structures.1 However, the current synthetic approaches to
fabricate multicomponent MOF structures are generally based on one-step assembly processes
in which different components are combined. This precludes control on the position of the different
building blocks within the MOF structure. Herein we propose a new approach to isoreticular,
multicomponent MOFs by starting with a known MOF. Our method is based on using prefab
cavities (Figure 1). We demonstrate this concept with the formation of multicomponent HKUST-1
analogues using a prefab cavity consisting of a cuboctahedral Rh(II) metal-organic polyhedron
(MOP) functionalized with 24 carboxylic acid groups.2 This cavity is three-dimensionally
reticulated through Cu(II) paddlewheels and (functionalized) 1,3,5-benzenetricarboxylate linkers
to form a series of multicomponent MOFs isoreticular to HKUST-1, in which the atomic position
of each component is determined by the structure directing properties of the MOP unit. We
envisage that, through this approach, one can synthesize myriad of otherwise inaccessible
isoreticular analogues of a given parent MOF structure.
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The increase of the world population has caused an increase of the levels of anthropogenic
CO2 and progressive global warming, which is causing serious effects on the planet. Nowadays,
it is not possible to change energy sources and technology to achieve zero CO2 emissions
entirely, so an alternative is the search for processes that minimize CO2 emissions. Among them,
the capture of CO2 and its storage for later recovery is one of the most sustainable technologies
in the short and medium term. Of all the stages, the CO2 capture stage is the most expensive of
the entire process (between 50 and 90% of the CO2 capture and storage process) [1].
Taking these premises into account, it is necessary to search for and develop adsorbents
with high CO2 values and with a low cost in their synthesis stage. In the present study, clay
minerals have been proposed as highly available and inexpensive starting materials to obtain
adsorbents for CO2 capture. By themselves, clay minerals do not reach very high adsorption
values. However, these materials can be modified by basic hydrothermal or alkaline-fusion
treatments, giving rise to zeolites, which have great potential in adsorption and catalysis
processes [2]. In this study, five phyllosilicates (kaolinite, montmorillonite, saponite, palygorskite
and sepiolite) were selected to be treated through alkali-fusion to obtain zeolites. Between, the
zeolites with higher crystallinity were those obtained from kaolinite and montmorillonite. This
supposed that these zeolites reached the highest CO2 adsorption values.

Figure 1. CO2 adsorption of zeolites obtained from kaolinite, montmorillonite, saponite, sepiolite
and palygorskite at 25 ºC and 760 mm of Hg.
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Metal-organic frameworks (MOFs) demonstrated exceptional properties in various fields,
such as catalysis, gas storage, vapor sorption, chemical sensing, biomedical applications,[1,2]
but their industrial application is set back by their expensive and labor-intensive synthesis. Green
room temperature (RT) synthesis methodologies would strongly improve MOFs real-world
applicability, as they are less hazard, use green solvent, reduce the energy consumption, cost of
materials, and streamline their production.
In this work, we present the RT, aqueous synthesis of hafnium (Hf) and cerium (Ce) based
functionalized UiO-66 MOFs. Among the large family of MOFs, the UiO-66 structure exhibits high
chemical robustness and at the same time high porosity, making this MOF a prime candidate for
practical applications.[3] Although the UiO-66 structure is mainly associated with Zr-ion, MOFs
based on Hf- and Ce-ions possess unique characteristics in terms of chemical, thermal,
mechanical stability, and Lewis acidity.[4] More specifically, we explore the formation of Hf and
Ce UiO-66 structures with different functionalized linkers, namely -NH2, -COOH, -NO2, and -Br
terephthalic acids in aqueous media and DMF (see Figure). Moreover, a greener strategy of twostep RT synthesis, involving a pre-heating of metal salt at aqueous media at 80 ºC with the
subsequent linker addition at RT has been developed. This strategy resulted in higher crystallinity
of the samples. Overall, the proposed mild and greener synthesis procedures might be of
particular interest for applications requiring soft synthesis conditions, including biomedical and
biocatalytic applications.

80 oC
RT

24h

Metal salt
Formic Acid
H2O
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Since its discovery in 2008, the paradigmatic UiO-66 can be regarded as the germ that has
prompted the chemistry of group-4 metals (Ti, Zr, Hf) based metal–organic frameworks (MOFs).
This type of MOFs is featured by exhibiting outstanding thermal and chemical stability, which has
attracted the interest to test them in applications in which many common MOFs collapse.
However, the tightness of their building blocks and bond strength make it tough to access new
topologies, but the use of well-selected structure directing agents and harsh synthesis conditions
allowed us to isolate the first polymorph of UiO-66, named EHU-30,[1] and their Zr- and Hf- based
amino-functionalized analogous: EHU-30-NH2(M) and EHU-30-NHR(M) (M: Zr, Hf; R: 2carboxypropyl).[2] The crystal structure analysis reveals 8-connected [Zr6O4OH4(OOC)12]
secondary building units (Figure 1a) linked into a polymeric framework with hex-type topology
and superior porosity to that of their polymorphic counterparts.
Due to the current relevance of MOFs in greenhouse gas capture and utilization and in
water harvesting technologies, we have explored CO2 and water-vapour adsorption of the
polymorphic phases by means of experimental and computational resources, showing that the
amino functionalization makes the EHU-30 series more prone to adsorb these species.[2] To
further study their potential applications, we have doped them with copper(II) and analysed their
performance on the electroreduction of CO2 towards value-added products. The analyses suggest
that the Cu(II) doping takes place through a transmetalation reaction and show how the amino
function enhanced the yield of the process, while the incorporation of Cu(II) turns the product
selectivity toward more reduced species (Figure 1b).

(a)

(b)

Figure 1. (a) Connectivity of the SBUs in EHU-30 and (b) faradaic efficiency (FE) as
function of the EHU-30 based electrocatalysts.
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Polypyrazolylborates are an active field of research with applications in different fields such as
organometallic chemistry, polymeric materials, or catalysis, since their discovery in the 60’s by S.
Trofimenko.[1] Numerous examples of this ligand family have been prepared through the reaction
of the corresponding pyrazole with a metal borohydride under high temperature conditions.[2] The
metal borohydride used for their synthesis is usually potassium or thallium, since it provides stable
complexes. However, this stability makes these starting metal polypyrazolylborates difficult to be
displaced by other metal centres suitable for catalysis. The design of more accessible precursors
for this type of catalyzers would be of great interest. Attempts for the synthesis of protonated
polypyrazolylborates reported in the literature describe tedious methods with low yields and a
very low range of derivatives.[3][4]
Here we present a new efficient method for the synthesis of ‘empty’ protonated
polypyrazolylborates (TpH). These compounds could be an ideal starting point for the formation
of metal catalyzers through the reaction with metal alkyls. Furthermore, a new type of ‘empty’
polypyrazolylborates have been prepared for the first time by displacement of the metal cation
with a bulky organic cation (NBu4+Tp-). These two families of precursors could be ideal for the
synthesis of a wide variety of metal complexes.
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Multicomponent reactions (MCRs), wherein three compounds intermolecularly combine in a
sequential manner, are revealed as ideal strategies in diversity-oriented synthesis. Here, we
describe a new protocol for 1,2-dicarbofunctionalization of vinyl boronates forming new vicinal
C(sp3)–C(sp3) bonds. Additionally, this reaction has been achieved using neither a metal catalyst,
additives, photocatalysts, nor a radical initiator.[1-3] By the regioselective nucleophilic addition of
C(sp3) to 1,1-phenylboryl alkene, a borataalkene intermediate is formed during the process, which
has been demonstrated by using 11B NMR spectroscopy. The following step is the nucleophilic
attack of the alpha-boryl carbanion intermediate to C(sp3) electrophiles, at room temperature,
through a SN2 nucleophilic substitution with primary and secondary aliphatic C(sp3) halides
(Scheme 1). This MCRs guarantees that the new tetrasubstitued carbon formed retains all the C
atoms from the three starting materials involved in the assembly.

Scheme 1.
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Fischer carbene complexes are some of the most versatile organometallic reagents in the
construction of complex architectures due to their broad and diverse reactivity.[1] However,
catalytic processes capable of generating such carbenes are rare.[2–5] In 2019, our group reported
a new carbyne transfer platform involving the catalytic generation of Rh(II)-carbynoids as I(III)substituted Rh(II)-carbenes. We demonstrated that Rh-carbynoids were able to emulate the
carbene/carbocation behavior of a monovalent cationic carbyne (:+C–R), and provide access to
allyl cations via alkene C(sp2)–C(sp2) bond cleavage.[6,7] Recently, we wondered whether Rhcarbynoids could intercept alkene-substituted carboxylic acids and generate, upon elimination of
the hypervalent iodine leaving group, a Fischer-type Rh(II)-carbene able to undergo
intramolecular cyclopropanation. In this communication, we would like to share the successful
development of this idea and its application in the stereoselective synthesis of complex
cyclopropane-fused lactones.
I(III)-carbene Rh complex is a Rh-carbynoid
I(III)

I(III)

Rh

Rh

Rh

N2
carbyne source

dual carbene-carbocation behaviour

O
O

O

O
OH

O

Rh
H

carboxylic acid

Fischer-type carbene

complex bicycle
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A COMPUTATIONAL STUDY INTO THE MECHANISM OF
TRANSBORYLATION BETWEEN DIBORON REAGENTS AND
ALKENYLBORANES
Gerard Bru,a Elena Fernándeza and Jorge J. Carbóa
a
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C/Marcel·lí Domingo s/n, 43007, Tarragona.
e-mail: gerard.bru@urv.cat

Keywords: transborylation, DFT calculations, mechanism, stereoselectivity, solvent influence

Using DFT methods, we analyzed the mechanistic of a novel transborylation reaction between
alkenylboronates and diboron reagents, in order to explain the observed solvent-dependence of
the activity and the stereospecificity. The proposed mechanism consists of the diboron reagent
activation by the alkoxide generated from the MeOH solvent or the addition of a base, followed
by a nucleophilic attack from this activated diboron to the alkenylboronate, which after a series of
rearrangements, leads to the desired final products (see Figure 1). This mechanism indicates that
the added base or the alcohol solvent itself catalyze the reaction. Increasing the basicity and
reducing the bulkiness of alcohol conjugated base, the yield improves, while non-protic solvents
are not reactive. Also, in agreement with experimental results, the mechanism preserves the E
stereochemistry of the alkene (see transformation of species B to C in the catalytic cycle of Figure
1). [1]

Figure 1. Suggested mechanism for the transborylation of alkenylboranes with B2neo2 in the
presence of MeOH. Relative free energies and barriers in kcal·mol-1.

References
[1] Dominguez-Molano, P.; Bru, G.; Salvado, O.; Maza, R. J.; Carbó, J. J.; Fernández, E. Chem.
Commun., 2021, 57, 13361.
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A NEW AND EFFICIENT SYNTHESIS OF 1,4-DICARBONYL COMPOUNDS
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1,4-Dicarbonyl compounds are important in Organic Synthesis as starting materials for the
synthesis of furans, pyrroles and other compounds of biological interest. Therefore, different
approaches have been developed for their synthesis. One of the most employed consists of the
reaction of γ-butyrolactone with a Grignard reagent, in the presence of NHOMe.HCl, and
subsequent oxidation of the initially generated γ-hydroxyketone to afford the corresponding 1,4dicarbonyl compound.[1]
In this context, we envisaged a new route to 1,4-dicarbonyl compounds from oxidative cleavage
of cyclobutane-1,2-diols, which could be easily prepared from commercially available 1,2bis(trimethylsilyloxy)cyclobutene (Figure 1). Although many methods have been reported for the
oxidative cleavage of glycols,[2] we have developed an efficient and environmentally friendly
protocol using a dioxomolybdenum(VI) complex as catalyst and dimethyl sulfoxide as solvent and
oxidant,[3] which we planned to use for the proposed transformation.
Herein, we wish to present our results in the development of a new synthesis of γ-ketoaldehydes,
based on the dioxomolybdenum(VI)-catalyzed oxidative cleavage of 1,2-cyclobutanediols which
have
been
prepared
in
a
two-step
process
from
easily
available
1,2bis(trimethylsilyloxy)cyclobutene.[4]

Figure 1.
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ACCESS TO AROMATIC CHLOROENAMINES BUILDING-BLOCKS
THROUGH GOLD(I)-CATALYSIS
María Cárcel,a Jeymy T. Sarmiento,a Carmen Ramírez de Arellano,a Teresa Varea,a Gregorio
Asensioa and Andrea Olmos.a
Departamento de Química Orgánica, Universidad de Valencia. Av. Vicente Andrés Estellés S/N.
46100 Burjassot (SPAIN).
e-mail: carama5@alumni.uv.es
KEYWORD: chloroenamines, gold catalysis, atom economy, chloroalkynes.

Intermolecular hydroamination of alkynes has recently been highlighted as one of the
best alternatives for the synthesis of imines and enamines. Chloroenamines are highly reactive
and interesting synthetic intermediates that present two contiguous electrophilic positions. These
versatile building-blocks have been prepared through the halogenation of a previously formed
enamine[1] or through TiCl4 catalyzed condensation of the corresponding -chloroketone with an
excess of secondary aliphatic amine.[2] The first process is limited by the low regioselectivity of
the electrophilic attack and the abundance of side reactions. In the second case only aliphatic
amines with low steric hindrance have been used with success. The special instability of these
compounds against hydrolysis introduces an additional drawback.
Here we present a new preparation of chloroenamines through the gold(I)-catalyzed
hydroamination of chloroalkynes with secondary aromatic amines. The reaction proceeds with
complete conversion and atom economy in short times using equimolar amounts of reagents and
1 mol % of commercially available IPrAuCl, activated with 1.5 mol% NaBArF, as catalyst. These
results open a way to the synthesis of a new family of aromatic chloroenamines not accessible
up to date

References
[1] Yamada. M, Nakao. K, Fukui. T, Nunami. K, Tetrahedron,1996, 52, 5751-5764.
[2] a) Marchand-Brynaert, J.; Ghosez, L. J. Am. Chem. Soc. 1972, 94, 2869-2870. b) Granger,
P.; Chapelle, S.; Poirier, J.-M. T, Organic Magnetic Resonance 1980, 14, 69-73.
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ASYMMETRIC SYNTHESIS OF FLUORINATED INDOLIZIDINES
M. Escolano,a D. Gaviña,a M. Sánchez-Roselló and C. del Pozoa
a

Department of Organic Chemistry. University of Valencia. Vicent Andrés Estellés s/n. 46100Burjassot-Valencia (Spain)
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Keywords: Fluorinated Indolizidines, Intramolecular Aza-Michael Reaction, Ring Closing
Methatesis
The indolizidine scaffold is a widespread motif in a wide variety of alkaloids and natural products.
Therefore, the development of synthetic methodologies that gain access to those skeletons,
especially in an asymmetric manner, is highly desirable. Despite the big number of these types
of derivatives described to date, examples of indolizidines bearing fluorinated substituents are
almost unknown.1
In the present work we have performed the synthesis of the skeleton of fluorinated indolizidines
in enantiomerically enriched fashion. To this end, we took advantage of the sequence
intramolecular aza-Michael addition/methylenation/ring closing methatesis of conjugated amides
containing an enone functionality in a remote position. This sequence, that was performed in a
stepwise manner, starts with the enantioselective intramolecular cyclization of the amidic nitrogen
in the presence of a chiral BINOL phosphoric acid2, (R)-TRIP-PA, that give rise to the
corresponding pyrrolidine derivatives in excellent ees. The second intramolecular cyclization was
performed using dimethyl titanocene and the Hoveyda Grubbs second generation catalyst,
affording the fluorinated indolizidines.
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[1] a) M. Marhold, C. Stillig, R. Fröhlich, G. Haufe, Eur. J. Org. Chem. 2014, 5777–5785. b) F. M.
Cordero, C. Vurchio, C. Faggi, A. Brandi, Org. Chem. Front. 2016, 3, 1651–1660.
[2] M. Escolano, J. Torres-Fernández, F. Rabasa-Alcañiz, M. Sánchez-Roselló, C. del Pozo, Org.
Lett. 2020, 22, 9433-9438.
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BASE-MEDIATED NITROPHENYL REDUCTIVE CYCLIZATION FOR THE
SYNTHESIS OF BRIDGED 1-BENZAZOCINES EN ROUTE TO
ASPERNOMINE AND EVALUATION OF THEIR ANTICANCER ACTIVITY
L. Rodrígueza, B. Bradshawa and J. Bonjocha
a

Laboratori de Química Orgànica, Facultat de Farmàcia, IBUB, Universitat de Barcelona, Av.
Joan XXIII s/n, 08028-Barcelona (Spain)
e-mail: lauragrodriguez@ub.edu
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Studies on the sclerotia of Aspergillus species by Gloer’s group led to the isolation of
several biologically active secondary metabolites.[1] Among these, our group has previously
focused on the complex diterpenoid anominine (1), which is most likely the parent structure from
which the other metabolites are biogenetically derived, and achieved the first total synthesis of
this natural product and established its absolute configuration.[2] Since then, the majority of these
metabolites have been synthesized, with the exception of aspernomine (2), which is believed to
be a rearrangement product of anominine. Whereas the other isolated metabolites have
antiinsectan properties, only aspernomine has proven activity against three human solid tumor
cell lines, likely attributable to the presence of a hexahydro-2,6-methano-1-benzazocine moiety.
In our current research, we are pursuing a convergent approach to the synthesis of
aspernomine based on the preparation of the heterocyclic and terpenic components and their
coupling in the last stage of the synthesis. In the first part of this project, we have developed an
efficient method for the synthesis of the heterocyclic core by means of a Diels-Alder coupling
followed by a base-mediated reductive intramolecular coupling of nitrophenylketones, based on
precedents reported by our research group.[3] After the optimization of the reaction conditions, the
scope of the reaction was explored with several substituted nitrobenzenes. Afterwards, the
cytotoxicity of the synthesized azatricyclic compounds was tested, and benzazocine 3 bearing an
enone moiety was found to be more active than aspernomine against eight cancer cell lines.

Scheme 1: Synthetic methodology toward the azatricyclic core of aspernomine
References
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Solé, D.; García-Rubio, S.; Vallverdú, L.; Bonjoch, J. J. Org. Chem. 2001, 66, 5266-5268.
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LACTAM SCAFFOLD, A POWERFUL SYNTON TOWARDS BIOACTIVE
COMPOUNDS
Alejandro Manchado,a Mateo M. Salgado,a Carlos T. Nieto,a David Díez,a N.M. Garridoa
a
Universidad de Salamanca, Plaza de los Caídos, s/n.
e-mail: alex92mc@usal.es, nmg@usal.es
Keywords: -lactam, penicillin, cephalosporin, ezetimibe, Baylis-Hillman adduct, IrelandClaisen rearrangement, asymmetric Michael addition.
-Lactam scaffold is presented in a wide variety of bioactive compounds, from antibiotic
to anticholesteremic activity. The basic core consists of a four-member cycle amide and they are
known for being the main scaffold of penicillins based on a bicyclo-thiazolidine, as well as the
cephalosporins based on a bicyclo-thiazine. When it comes to its action mechanism, as
bactericidal, -lactam antibiotics act by inhibiting the synthesis of the peptidoglycan layer of
bacterial cell walls, which is an important Gram-positive organism component of the cell wall. On
the other hand, Ezetimibe is a -lactam based drug that lowers blood cholesterol levels by
reducing its absorption in the small intestine when joining to Niemann- Pick C1-Like protein
(NPC1L1).

Based on the hight diversity and importance of -lactam core drugs, a strong synthetic
methodology has been developed towards the synthesis of highly functionalized -lactam
scaffold, involving both lithium amides and Baylis-Hillman adducts, performing a domino process
including allylic acetate rearrangement, stereoselective Ireland-Claisen rearrangement and
asymmetric Michael addition, which provides a -amino acid derivative with full stereochemical
control,[1] having been applicated towards the synthesis of di and tri-substituted piperidines.[2] Also,
in such terms, a pharmacophore docking molecular modelling study has been performed
sampling different Ezetimibe based ligands, resulting on a wide variety of interesting -lactam
based compounds.[3]

A) Retrosynthesis scheme for di and tri-substituted piperidines and -lactam derivatives. B)
Scaffold for docking and SAR studies
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CATALYTIC (ENANTIOSELECTIVE) ACCESS TO 4-(SEC-ALKYL)ANILINES
VIA 1,6-CONJUGATE ADDITION OF GRIGNARD REAGENTS TO IN SITU
GENERATED AZA-P-QUINONE METHIDES
M. Zurro [a],[b], L. Ge [a] and S. R. Harutyunyan [a]*
[a] Stratingh Institute for Chemistry, University of Groningen, Nijenborgh 4, 9747 AG,
Groningen, The Netherlands.
[b] Facultad de Farmacia, Universidad de Alcalá de Henares, Ctra. Madrid-Barcelona, Km
33.100
28805-Alcalá de Henares (Madrid).
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Keywords: Grignard reagents, anilines, copper catalysis, asymmetric catalysis, synthetic
methodology
The synthesis of anilines, common building blocks in many pharmaceuticals, agrochemicals, dyes
or polymers,[1] has been limited by the availability of benzene-toluene-xylene derivatives (BTX),
which through different strategies, namely nitration–reduction pathways or aromatic substitution
allow the obtaining of the corresponding simple aniline derivatives.[2] However, the synthesis of
more complex aniline derivatives requires of CH-activation methodologies based on palladiumor copper-catalyzed cross-coupling reactions[3] or the recently developed photochemical
dehydrogenative approach.[4] Despite of the number of methodologies, the synthesis of 4-(secalkyl)anilines have not been so far accomplished. In this work, a tandem strategy consisting of
the generation of a reactive aza-p-quinone methide (aza-p-QM) intermediate which consequently
reacts through Cu(I)-catalyzed conjugate addition of Grignard reagents generating a wide variety
of branched anilines has been developed. Furthermore, the enantioselective methodology for the
synthesis of chiral sec-alkyl 4-anilines, using a chiral Cu(I)-diphosphine complex has been
accomplished leading to a variety of chiral aniline derivatives in enantioselectivities up to 88:12
e.r.
The novelty of this methodology relies on the scarce number of methods which happens through
a reactive aza-p-QM intermediate. Only one organocatalytic methodology for the 1,6-addition to
aza-p-QM for the N-alkylation of indoles using a chiral phosphoric acid as an organocatalyst has
been reported[5], while two more examples on 1,8-additions to in situ generated aza-p-QM for the
construction of anilines with an appended allene group have appeared later.[6]

[1] P. F. Vogt, J. J. Gerulis, in Ullmann’s Encyclopedia of Industrial Chemistry, Wiley, 2000.
[2] V. A. Schmidt Nature 2020, 584, 46-47.
[3] (a) P. Ruiz-Castillo, S. L. Buchwald Chem. Rev. 2016, 116, 12564–12649; (b) M. J. West, J. W. B.
Fyfe, J. C. Vantourout, A. J. B. Watson, Chem. Rev.2019, 119, 12491–12523; (c) I. P. Beletskaya, V.
A. Cheprakov Coord. Chem. Rev.2004, 248, 2337–2364.
[4] S. U. Dighe; F. Juliá, A. Luridiana, J. J. Douglas, D. Leonori, Nature, 2020, 584, 75-81.
[5] M. Chen; J. Sun Angew. Chem. Int. Ed.2017, 56, 4583-4587.
[6] (a) L. Zhang, Y. Han, A. Huang, P. Zhang, P. Li, W. Li Org. Lett. 2019, 21, 7415−7419; (b) M.
Chen; D. Qian, J. Sun Org. Lett.2019, 21, 8127−8131.
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CATALYTIC DIASTEREO- AND ENANTIOSELECTIVE VINYLOGOUS
MANNICH REACTION OF ALKYLIDENEPYRAZOLONES TO ISATINDERIVED KETIMINES
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It is well-known the significant importance of organic heterocyclic compounds in a wide variety of
areas such as pharmacy, medicine, agrochemistry and many others.[1] While isatin-derived
ketimines have been broadly studied,[2] asymmetric vinylogous addition of alkylidenepyrazolones
are gaining attention in the last decade due to the possibility of incorporating the pyrazolone
moiety, which is a notable scaffold for its biological properties.
Herein the enantio- and diastereoselective vinylogous Mannich addition of
alkylidenepyrazolones to isatin-derived ketimines leading to the formation of a quaternary
stereocenter is described using a chiral quinine-derived squaramide as organocatlyst.[3]

A considerable number of examples with different substituents in the alkylidenepyrazolone as well
as in the isatin-derived ketimine have been successfully described using this methodology,
achieving the aminooxindole-pyrazolone adducts with good yields (up to 98%), complete
diastereoselectivity and excellent enantioselectivities (up to 99% ee). To showcase the potential
of this methodology, several synthetic transformations have been performed such as the Michael
addition of cyanide to the final vinylogous adduct maintaining the enantiomeric excess of the
compounds.
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CATALYTIC ENANTIOSELECTIVE TRANSANNULAR CONJUGATED
ADDITION/ALDOL REACTION
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boronic acids, transannular reaction
The catalytic conjugate addition of organometallic species to electron deficient alkenes is
among the most powerful methodologies for the formation of C–C bonds.[1] When enantioselective
reactions are desired, catalysis performed with transition metal such as Cu, Rh and Pd in the
presence of chiral ligands is the method of choice. This methodology uses transmetalating
reagents such as Grignard, dialkylzinc, organosilicon and organoboron compounds due to their
ability under several reaction conditions. In particular, the use of boronic acids in combination with
cationic palladium(II) complexes represents an underexplored alternative that has certain
advantages such as relatively fast rates for transmetalation compared to other methodologies.[2]
Recently, we have studied various transannular reactions of different macrocycles using
organocatalysis.[3] In connection with these precedents, herein we will present the palladium
catalyzed conjugate addition/transannular aldol reaction employing boronic acids 2 and enones
1. This reaction proceeds in good yields and diastereoselectivities affording bycyclic compound 3
with excellent enantiocontrol.

This research was funded by the Spanish Ministerio de Ciencia, Innovación y
Universidades (MCIU), grant numbers FEDER-PID2019-106358GB-C21, FEDER-PID2020118422-GB-I00, contract RYC-2017-22294 for V.H, by the Basque Government, grant number
Grupos IT908-16 and by Junta de Andalucía (US-1260906).
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U. Uria, J. L. Vicario, J. Am. Chem. Soc. 2019, 141, 9495.
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CATALYTIC NITRENE TRANSFER REACTION TO FLUORINATED
OLEFINS: NEW METHODOLOGY TO SYNTHESIS OF FLUORINATED
AZIRIDINES
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Our research group has extensive experience in nitrene transfer reaction to different nature
substrates, using copper and silver complexes with hydrotrispyrazolyl borate-type ligands (Tpx)
and leading to compounds with a new C-N bond.[1] These catalytic systems are especially active
for olefin aziridination.
There are practically no described in the literature any method for the formation of
fluorinated aziridines. To the best of our knowledge just one example to obtain a rare
monofluoromethyl aziridine is reported and involves the use of a palladium catalyst.[2]
The catalytic synthesis of fluorinated aziridines represents even today a major challenge in
inorganic chemistry, and methods relying on classic nitrene transfer reactions of fluorinated
olefins are significantly disadvantaged.
In this communication, we present the results obtained using different fluorinated olefins to
obtain fluorinated aziridines by nitrene transfer reactions catalyze by copper complexes.
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CF3-DIRECTED GLYCOSYLATION FOR THE STEREOSELECTIVE
SYNTHESIS OF 2-DEOXY-2-TRIFLUOROMETHYL GLYCOSIDES
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Fluorinated carbohydrates are appreciated molecular fragments in chemical (glyco)biology
and diagnostics.[1] Available synthetic protocols are mainly restricted to the preparation of monofluorinated sugars,[2] whereas trifluoromethyl congeners remain virtually underdeveloped. Other
easily accessible trifluoroacetamides and trifluoroacetoxy groups have been reported which are
the closest-art in the CF3-containing glycosides.[3] Herein we present a protocol for accessing a
series of previously uncharted 2-deoxy-2-trifluoromethylpyranosides from parent glycals (Figure
1). Exploration of the stereoselective outcome of the glycosylation step revealed a pronounced
substrate control rendering 1,2-trans-glycosides that arises from the configuration of the CF3
moiety. The synthetic utility of this approach was further demonstrated with the preparation of
CF3-modified natural glycoside analogs, including disaccharides, steroidal aglycones, amino
acids and sphingosine analogs.

Figure 1. Reported 2-deoxypyranosides bearing fluorinated groups at C-2 position and improved
properties of fluorinated sugars (top). Methodology applied for the synthesis of 2-CF3-glycosides,
stereo-chemical outcome of the glycosylation reaction and application of the method using natural
analogues (bottom).
Acknowledgments: We thank the Spanish Government-MCIU and the national agency of
investigation-AEI (CTQ2017-90088-R, PID2020-120584RB-I00 to O.B., FPI grant PRE2018085730 to I.B.) and the Universitat Rovira i Virgili (2012BPURV-67 to J.M.) for financial support.
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Since Ivar Karl Ugi described in 1959 the reaction that bears his name, namely the Ugi
multicomponent reaction (UMCR),[1] deciphering its mechanism and stereocontrol is still a
tantalizing challenge for organic chemists. In this respect, the analysis of different mechanistic
aspects of the UMCR offers the possibility of exploring the stereocontrolled chemical synthesis of
novel chemical entities.[2][3]
In this contribution, we describe UMCR’s involving chiral alkoxy aldehydes 1
incorporating one chiral center contiguous to an attractor.[4] This substitution pattern induces
the diastereocontrolled formation of a novel chiral center at the sp2-hybridized carbon atom of the
in situ formed imine via condensation with amine 2 and subsequent reaction with carboxylic acid
3 and isonitrile 4 (Figure 1). The origins of the stereocontrol in this version of the UMCR are
analyzed experimentally and by DFT studies. The resulting chiral dipeptides 5 and related
compounds are potentially useful in the synthesis of biologically active molecules. This reaction
is extended to bifunctional components, thus giving rise to novel chiral polymers, whose general
properties are also presented.

Figure 1

Financial support from the China Scholarship Council (CSC 201908390051), the Basque
Government (IT-1346-19) and the Spanish Ministry of Science and Innovation (MICINN FEDER,
PID2019-104772GB-I00 and RED2018-102387-T) is gratefully acknowledged.
References
[1] I Ugi. Angew. Chem. Int Ed. 1959, 71, 386–386
[2] J Zhang, P Yu, S Y Li, et al. Science, 2018, 361, 1087, eaas8707 (DOI:
10.1126/science.aas870).
[3] A Dömling, Chem. Rev. 2006, 106, 17-89.
[4] ) (a) A. Zubia, L. Mendoza, S. Vivanco et al. Angew. Chem. Int. Ed. 2005, 44, 2903–2907; (b)
E. San Sebastian, T. Zimmerman, A. Zubia et al. J. Med. Chem. 2013, 56, 735–747.

834

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-287

COMBINING GOLD(I) AND ENZYMATIC REDOX CATALYSTS TO
SYNTHESISE OPTICALLY ACTIVE ALIPHATIC HALOHYDRINS
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Chiral halohydrin derivatives are versatile intermediates in organic chemistry, as they can
be easily functionalised to provide several families of biologically active compounds and synthetic
drugs.[1] Traditionally, chiral halohydrins have been synthesized through (bio)reduction of αhalomethyl ketones under asymmetric hydrogen transfer conditions using chemical catalysts or
alcohol dehydrogenases (ADHs).[2] Since this transformation is highly thermodynamically
favoured, only a small excess of the hydrogen donor (e.g. 2-propanol, 2-PrOH)[3] is required,
which acts as a co-substrate, but also for NAD(P)H cofactor recycling purposes in the case of
reactions mediated by ADHs.
The synthesis of aliphatic halohydrins is particularly challenging because chemical
halogenation reactions to obtain the corresponding α-haloketone precursors usually occur in a
non-selective fashion. To circumvent this problem, haloalkynes appear as ideal carbonyl
surrogates, since they are easily accessible through metalation or C-H deprotonation of the
corresponding terminal alkynes and subsequent halogenation employing a halogenation reagent.
Thus, the preparation of the corresponding α-halomethyl ketone via regioselective hydration of
the haloalkyne can be considered as a direct and atomically efficient synthetic approach.[4]
Gold(I) catalysts have recently emerged as valuable tools for the hydration of alkynes,[5] so
based on our experience in the combination of heterocyclic N-carbene (NHC)-Au(I) and ADHs,[6]
herein we propose the stereoselective synthesis of a series of aliphatic halohydrins from
haloalkynes via concomitant alkyne hydration and biocatalytic bioreduction sequence in order to
obtain the desired the desired halohydrins with good yields and stereoselectivities (Scheme 1).

Scheme 1. Haloalkyne hydration and stereoselective bioreduction cascade for the synthesis of
chiral aliphatic halohydrins.
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Gem-diborylalkenes have emerged as efficient reagents for selective cross-coupling reactions.[1]
Since the two geminal boryl substitutents of the gem-diborylalkenes can be differentiated and
transformed in a stepwise manner, palladium complexes demonstrated to catalyse
stereoselective cross-coupling with aryl iodides to afford (E)-alkenylboronates as single isomers
(Scheme 1a).[2] However, despite the fact that copper salts are known to catalyse the coupling
between aryl boronate esters with aryl halides,[3] there is no precedents on the coupling with gemdiborylalkenes. Here we disclose the efficient copper catalysed stereoselective cross-coupling of
gem-diborylalkenes with allyl halides to afford (Z)-alkenylboronates as exclusive isomers
(Scheme 1b). [3]

Scheme 1.
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Despite water is the solvent favorite in nature, its application as reaction media has been
limited in the modern chemistry due to the low solubility of organic molecules and the low stability
of many transition metal complexes used as catalysts in water. However, in the last decades,
several strategies have been developed which have allowed that numerous interesting metalcatalyzed organic transformations where carried out under mild conditions employing water as
solvent.
Our group has described a series of metal complexes bearing trispyrazolylborate ligands
(Tpx) as catalysts capable of the functionalization of aliphatic C-H bonds upon inserting CHCO2Et
units from N2=CHCOEt (ethyl diazoacetate, EDA) using water as reaction media. [1], [2]
In this work, the copper complex Tp(CF3)2BrCu(CNMe) is described as an efficient catalyst
for the olefin aziridination using PhI=NTs as nitrene source. Identical activity was observed with
dichloromethane and water were used as solvents under same conditions. Competition
experiments and Hammet plot show that the behavior of the metal is the same in both reaction
media.
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Organocatalytic enantioselective desymmetrization processes involved the use of meso
compounds, which already possess a defined stereochemistry but remain achiral due to the
presence of a symmetry element.[1] Almost most of desymmetrization processes usually rely on
the creation of new bonds in the structure, leading to the generation of new stereogenic centers
in the molecule.[1] On the other hand, approaches based in breaking bonds for the implementation
of stereochemistry, though counterintuitive, have been also developed. Most of these examples
imply the use of Brønsted basic organocatalysts (direct deprotonation) or cationic catalysis with
the use of chiral ammonium salts (co-base deprotonation).[2]
Given the high modulation of bases and substrates that ion pair catalysis offers, we
wondered if we could perform an anion-binding desymmetrization process via asymmetric
deprotonation. Thus, we envisioned that sulfonium salts could be an interesting substrate to
desymmetrize, considering the high tendency of the sulfonium moiety to act as a leaving group.
This strategy will not only extend the possibilities of asymmetric deprotonation to other types of
organocatalysis, but also it will incorporate an alternative methodology for the desymmetrization
of cyclic ketones that will lead to the ring opening, triggering versatile products from a synthetical
perspective.
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Desymmetrization reactions of meso compounds are a powerful tool for synthesizing chiral
molecules containing several stereocenters in one single step.[1] The use of this type of
transformations in metal catalyzed asymmetric allylic substitutions (AAS) has demonstrated its
versatility in C-C bond formation, being extensively applied by means of the utilization of stabilized
nucleophiles under the presence of Pd catalysts.[2] Moreover, desymmetrization processes in
AAS have been successfully applied in the synthesis of diverse natural products.[3] However, nonstabilized nucleophiles have been much less explored. Prominent examples using boronic acid
derivatives combined with Rh catalysts allow for switchable selectivity towards the formation of
SN2 or SN2´ type products.[4] Indeed, the use of Cu catalysts with alkyl or aryl metal reagents as
nucleophiles (R-Li, R-Zn or R-Zr) has also been studied.[5] Despite of these prominent advances
in the application of Cu catalysts in desymmetrization AAS, the reported transformations to date
rely on the use of stoichiometric amount of organometallic reagents, which requires the prior
preparation of these species and results in the generation of large amount of inorganic salts,
limited functional group tolerance and/or special set-ups and conditions. Moreover, the use of
alkenylmetal species in these transformations remains elusive.
Considering our recent advances in the enantioselective copper catalyzed allylboration of
alkynes,[6] we envisioned the use of the in situ generated borylated alkenyl copper species as
transient nucleophiles in desymmetrization transformations (Scheme 1). Here we present a
method that provides with alkenylated final products endorsed with boronic esters that allow for
further diversification.

Scheme 1. Desymmetrization process by means of in situ generated borylated alkenylcopper
species
References
[1]
[2]
[3]
[4]
[5]

[6]

C. Nájera, F. Foubelo, J. M. Sansano, M. Yus, Tetrahedron 2022, 106-107, 132629.
B. M. Trost, J. Org. Chem 2004, 69, 5813-5837.
M. Wang, M. Feng, B. Tang, X. Jiang, Tetrahedron Lett. 2014, 55, 7147-7155.
F. Menard, D. Perez, D. Sustac Roman, T. M. Chapman, M. Lautens, J. Org. Chem
2010, 75, 4056-4068.
a) U. Piarulli, C. Claverie, P. Daubos, C. Gennari, et al., Org. Lett. 2003, 5, 4493-4496;
b) S. S. Goh, S. Guduguntla, T. Kikuchi, M. Lutz, et al., J. Am. Chem. Soc. 2018, 140,
7052-7055; c) R. Jacques, R. D. C. Pullin, S. P. Fletcher, Nat. Commun. 2019, 10, 21.
E. Rivera-Chao, M. Mitxelena, J. A. Varela, M. Fañanás-Mastral, Angew. Chem. Int. Ed.
2019, 58, 18230-18234.

839

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-292

DEVELOPMENT OF THE DIASTEREOSELECTIVE INTRAMOLECULAR
CYCLOAROMATIZATION-PICTET-SPENGLER TANDEM REACTION[1]
D. Gaviña,a M. Escolano,a, M. Sánchez-Rosellóa and C. del Pozo* a
a

Department of Organic Chemistry - University of Valencia, Vicent Andrés Estellés s/n. 46100Burjassot-Valencia, Spain.
e-mail: Daniel.Gavina@uv.es

Keywords: cycloaromatisation, Pictet Spengler, diastereoselectivity, cross metathesis
The first example of a tandem cycloaromatisation[2]/Pictet Spengler has been described
with good levels of diastereoselectivity. This reaction gives access to a new family of polycyclic
pyrrole derivatives, a very interesting scaffold for the pharmaceutical industry, with the formation
of a quaternary stereogenic centre in a single reaction step.
The key step for the synthesis of the substrates was the cross metathesis of terminal olefins
derived from amino acids and alkyl vinyl ketones. Furthermore, the tandem reaction was
accomplished with good results after the cross metathesis in a “one pot” sequence. The amino
acid-derived substrates were employed as a mixture of diastereoisomers as both of them convert
to the same iminium ion intermediate by dehydration.
The reaction, which takes place in presence of one equivalent of p-toluenesulfonic acid,
was achieved with moderate to good yields and with good to complete diastereoselectivity. This
methodology allows a wide scope, as is it possible to modify both aromatic rings and both
stereogenic centers.
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Aryl phosphonates are very important scaffolds with an extensive applicability in different
scientific fields such as life science, materials or even as ligands in catalysis.[1] Frequently,
C(sp2)−P bond forming is achieved by transition-metal-catalyzed coupling synthesis, employing
palladium, nickel, or copper catalysts.[2] However, the high price of this metals or the harsh
conditions of the reaction make it necessary to search for the development of new protocols.
In recent years, visible-light photoredox catalysis has been utilized as an effective tool in
organic synthesis, for example on the generation of aryl radical intermediates which can be
trapped by an appropriate nucleophile.[3] Among six-membered (hetero)arene halides (Br, I) that
have been successfully used for the phosphorylation by metal-catalyzed methods,[4] examples
involving five-membered heteroarene halides are scarcely found in literature.
One interesting strategy to reach these products could be the consecutive photoinduced
electron transfer (ConPET) reaction that follows the Z-scheme in biological photosynthesis
employing organic dyes as photocatalysts.[5] Besides, photochemical transformations in nature
can be carried out in confined and compartmentalized environments under air conditions. Based
on this idea, a low-molecular-weight (LMW) molecules self-assembled by noncovalent
interactions (e.g., hydrogen bonding, van de Waals, charge transfer, dipolar, π−π stacking) could
be used to access otherwise slow or forbidden pathways and achieve high selectivity under mild
conditions.[6] Herein, we wish to show our
last results on the phosphorylation of fivemembered heteroarene halides with a
visible-light ConPET reaction employing an
organic dye (9,10-dicyanoanthracene) as
photocatalyst
to
reach
the
final
phosphonates in a gel nanoreactor which
has permitted to enhance the production
rate and to protect against oxygen
poisoning.[7]
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The vicinal dihalogenation of alkenes is one of the fundamental reactions taught in any
introductory organic chemistry course.[1] This reaction is still nowadays mostly performed by the
traditional method involving the use of homonuclear elemental halogens (X2) or heteronuclear
diatomic halogens (XY) in (carcinogenic) chlorinated solvents.[2]
However, the highly corrosive and toxic nature of these regents, together with their high
reactivity, are significant drawbacks for their use in organic synthesis. For these reasons, in the
last years, the development of new safer strategies to perform electrophilic halogenations has
received much attention.[3]
In this context, we have developed a simple method for the vicinal dihalogenation of
alkenes consisting of the treatment of the alkene with a N-halosuccinimide and an alkali metal
halide in the presence of acetic acid and using ethyl acetate as an environmentally benign solvent.
This ecofriendly reaction supposes an alternative to the conventional methods based on the use
of toxic, corrosive and not easy to handle reagents. The procedure allows not only homonuclear
but also heteronuclear dehalogenation processes.
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Figure 8. Mechanistic proposal for the obtention of dihalogenated alkenes.

[1] U. Hennecke, T. Wald, C. Rösner, T. Robert, M. Oestreich. Comprehensive Organic Synthesis.
2nd Ed., Elsevier, Oxford. 2014.
[2] (a) J. R. Johnson, W. L. McEwen. Org. Synth. Coll. 1941, 1, 521. (b) H. Fischer. Org. Synth.
Coll. 1943, 2, 171. (c) R. C. Cambie, W. I. Noall, G. J. Potter, P. S. Rutledge, P. D. Woodgate.
J. Chem. Soc. Perkin I. 1977, 3, 226-230.
[3] For recent examples, see: (a) Y. Kamada, Y. Kitamura, T. Tanaka, T. Yoshimitsu. Org.
Biomol. Chem. 2013, 11, 1598-1601. (b) H. Xue, H. Tan, D. Wei, Y. Wei, S. Lin, F. Liang, B.
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Despite the success of gold(I) catalysis for the selective activation of C-C multiple bonds,[1]
the development of broad scope enantioselective transformations has been relatively slow-paced
due to the stringencies imposed by the linear coordination adopted by gold(I).[2] Recently, new
imaginative ligand designs have been proposed in enantioselective gold(I) catalysis. We recently
prepared a new class of chiral gold(I) catalysts containing remote C2-symmetric 2,5-disubstituted
pyrrolidines[3] and unprecedented gold(I) complexes with planar chiral monodentate ferrocenebased ligands from ferrocenyl sulfoxide.[4] Both complexes promote enantioselective cyclizations
in good to excellent enantiomeric ratios. Their electronic and steric effects have been examined
in detail and the modes of action have been elucidated by means of DFT calculations. As revealed
by NCI plots, non-covalent interactions between the different substrates and ligands are
responsible of the selective folding of substrates in the chiral pocket of the gold(I) catalysts.
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Nowadays, the importance of green chemistry as well as resource management is highly present in
pharmacy industry. Thus, domino reactions, which imply the synthesis of a product adding different
reactants without isolating intermediates, are highly important when it comes to synthesis of new drugs.
This way, we have developed interesting domino methodologies towards the synthesis of biologically
active compounds, through asymmetric synthesis which supports on asymmetric lithium amide (R) or
(S)-1. This way, we have reported the synthesis of nepetalactone derivatives1 as well as eight different
enantiomers of cyclopentanedicarboxilic acids,2 different phenethylamines,3 -lactames4 as well as
neurokinin analogs5 and 2,3,6-trisubtituted piperidines6 and different morphans,7 showing the powerful
scope of the methodologies as well as the lithium amide as quiral inductor.

As shown in the scheme, during the meeting, we will present three different domino reactions initiated
by chiral lithium amides, as well as some multicomponent variation of them, as a way to report diversity
in asymmetric organic synthesis.
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Enantioselective catalytic methods that allow simple and abundant starting materials to be
converted into complex multifunctional chiral products in an easy and sustainable manner are in
high demand.[1] In particular, access to chiral 1,5-diene structures is very important because they
serve as building blocks in organic synthesis and are also found in many biologically active
molecules.[2] However, the development of asymmetric strategies that provide these structures
with high enantio- and stereoselectivity still remains a challenge. Copper-catalyzed allylboration
of allenes with B2pin2 and allylic phosphates was reported as an efficient methodology to produce
borylated 1,5-dienes in a regio-, stereo-, chemo- and enantioselective manner based. This
reaction involves the use of an allene as a precursor for a catalytic allyl copper reagent, which
subsequently acts as a nucleophile in a SN2' type substitution of the allyl phosphate.[3]
We envisioned that the use of allylic gem-dichlorides in a related transformation would lead
to the formation of chiral 1,5-dienes bearing both a boronic ester and an alkenyl chloride. This
would represent a very versatile building block which could potentially open new synthetic
pathways for the orthogonal functionalization of the 1,5-diene structure. We here present the
development of a chiral catalytic system that allows the selective coupling of allylic gem-diclorides,
allenes and B2pin2 providing 1,5-dienes with excellent control of the regio- and stereoselectivity
of the two olefins as well as the enantioselectivity of the generated stereocenter (Scheme 1).

Scheme 1.
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In the last years, enantiopure sulfinyl derivatives and their metal complexes have proven
to be highly efficient organic and organometallic catalysts, respectively, for an important number
of stereoselective catalytic reactions. [1] Additionally, bidentate sulfoxide complexes of ruthenium
(II) have demonstrated their ability to accumulate inside cells and interact with DNA, indicating
their potential utilization as anticancer agents. [2] In this sense, in the present work, we report a
highly convergent approach for the synthesis of both enantiomers of a large number of type I, II
and III enantiopure sulfinyl derivatives (Fig. 1).

Figure 1. Enantiopure sulfinyl derivatives as polydentate ligands.
Diastereomerically pure (RS,RS)- and (SS,SS)-bis(cyclohexylidene-D-glucose) ethyl-1,2 or
propyl-1,3-bis(sulfinate) esters, precursors of type I and type II ligands respectively, are obtained
by a dynamic kinetic resolution of the corresponding ethane-1,2 or propane-1,3-bis(sulfinyl)
chlorides (Fig. 2).

Figure 2. Stereoselective synthesis of type I and II ligands and their Ru-complexes.
Finally, the dimerization reaction of different alkyl and aryl vinyl sulfoxides with sodium sulfide
allows to obtain the corresponding type III ligands (Fig. 3).

Figure 3. Stereoselective synthesis of type III ligands
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The selective introduction of fluoroalkyl groups has become a powerful strategy in drug
design. For instance, the incorporation of difluoroalkyl unit is of current interest, since the gemdifluoromethylene group can influence the properties of its neighboring groups, and increase the
lipophilicity, metabolic stability and bioavailability of the compounds.[1] Surprisingly, while much
progress has been made in the trifluoro- and monofluoromethylation reactions, catalytic
asymmetric difluoromethylation remains a challenge.
In this context, difluoroenoxysilanes have emerged as versatile nucleophilic reagents for
the synthesis of difluoromethylene compounds. Some recent applications of these compounds in
asymmetric catalysis include the Mukaiyama reaction with isatins[2] and Mukaiyama-Mannich
reactions with imines.[3] However, examples of Mukaiyama reactions of these fluorinated
enoxysilanes with other ketones to give chiral tertiary alcohols are unknown.
On the other hand, 2-acylpyridine N-oxides are excellent chelating substrates for metalcatalyzed reactions.[4] We have used these substrates in cycloaddition reactions[4b-d] and Henry
reactions[4e] leading to nitroaldols with a chiral tertiary alcohol group. In this communication we
present our results on the Mukaiyama aldol reaction of difluoroenoxysilanes with acylpyridine Noxides catalyzed by Cu-BOX complexes to give the corresponding aldols containing a
difluoromethylene group.
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The structural modification of biologically active molecules to improve their
physicochemical properties is highly relevant and represents an important strategy for the design
of new drugs.[1] Aromatic rings are ubiquitous structures in bioactive compounds. However,
several studies suggest an existing correlation between the high number of aryl moieties in a
molecule and bioavailability and toxicity problems.[2] A common strategy to tackle these difficulties
lies on the replacement of planar aryl groups by three-dimensional cyclic rings. Among the
bioisosteres of aryl groups, bicyclo[1.1.1]pentanes (BCPs) represent a promising alternative to
replace 1,4-disubstituted aromatic rings, allowing the positioning of the substituents in a similar
dihedral angle with an improvement of the physicochemical profile of the corresponding bioactive
molecules.[3]
Previous work reported by other groups had shown that BCP−Grignard reagents can be
generated in situ from the addition of a Grignarg reagents to [1.1.1]propellane [4] Here, we report
a synthesis of α-chiral allylic BCPs by 1,3-difunctionalization of [1.1.1]propellane with Grignard
reagents and allylic systems using copper catalysis (Figure 1). This mild protocol proceeds via
initial addition of a Grignard reagent to [1.1.1]propellane followed by an asymmetric allylic
substitution of the resulting organometallic intermediate catalyzed by a chiral copper complex.

Figure 1.
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The γ-lactam ring forms part of the structure of numerous bioactive natural products and
clinical drugs.[1] In particular, 3-amino-1,5-dihydro-2H-pyrrol-2-ones are useful building blocks in
organic synthesis,[2] due to the presence of an endocyclic enamine moiety, and they can also be
found in the structure of bioactive natural and synthetic products such as antimicrobials,
analgesics or antipyretics.[3]
A few years ago, we reported a multicomponent protocol for the preparation of 3-amino1,5-dihydro-2H-pyrrol-2-ones 1 using amines, aldehydes and pyruvate derivatives as starting
materials in the presence of a Brönsted acid.[4] Many of the obtained molecules have shown a
strong antiproliferative activity, inhibiting the growth of several carcinoma human tumor cell lines
through the activation of the apoptotic mechanism.[5]
As a continuation of our work in the synthesis of γ-lactam derivatives, herein we present a
collection of site selective transformations of these 3-amino-1,5-dihydro-2H-pyrrol-2-ones 1
(Scheme 1), introducing nucleophilic 2 and electrophilic 3 groups with a special focus into
diastereo, regio and stereoselective transformations, increasing the high structural diversity of
these interesting family of heterocycles.

Scheme 1. Site selective functionalization of γ-lactam derivatives 1.
In addition, taking into account the relevance of the γ-lactam ring in biological systems and
their demonstrated properties as antitumoral agents, a study of their antiproliferative activity
against carcinomic human alveolar basal epithelial and ovarian cells is also presented.
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Cylindricines are a small group of decahydroquinoline (DHQ) alkaloids isolated from the
ascidian Clavelina cylindrica off the east coast of Tasmania in 1993 by Blackmann et al.[1]
Although several groups have accomplished asymmetric syntheses of cylindricines A and C−F,
no total syntheses of cylindricines G−I have been reported so far. All these marine alkaloids
possess a cis-DHQ core (AB rings) fused to a pyrrolidine ring between the quaternary center C8a and the N atom. Additionally, the cis-DHQ core displays an alkyl side chain at C-2.

In the context of our studies[2] on the use of phenylglycinol-derived chiral tricyclic lactams
for the enantioselective synthesis of alkaloids, we will present our studies on the enantioselective
total synthesis of cylindricine H. The (R)-phenylglycinol-derived tricyclic lactam 1 was used as the
starting enantiomeric scaffold, which was converted to enantiopure C-8a substituted 2-oxo-cisoctahydroquinoline 2. To complete the synthesis of cylindricine H, three main transformations
have to be addressed: (i) the stereoselective introduction of the acetoxy function at C-4, (ii) the
stereoselective introduction of the lateral n-butyl chain at C-2, and (iii) the elongation and
modification of the C-8a chain, required for the closure of the pyrrolidine ring.
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Although N-Heterocyclic phosphite (NHP) ligands have been known for more than 40
years,[1] their use as ligands in metal complexes has generated recent interest derived from their
similarities with NHC ligands.[2] Recently in our research group we have described the synthesis
of a family of copper complexes with diaminophosphite ligands (ADAP). The synthesis of these
new complexes allowed us to prepare chiral copper complexes in a very simple way.[3]

In this contribution, we present the functionalization of indoles and carbazoles with alkyl
and aryl diazocompounds. These transformations occur in a chemo-, regio- and, in some cases,
with modest enantioselection, affording products with biological and pharmacological interest.
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One of the most important applications of organic chemistry on drug discovery is to develop
synthetic approaches towards heterocycles. Among them, four-membered carbocycles are wide
found in naturals products and biologically active compounds frequently fused to heterocyclic
moieties.[1] The development of new methodologies for the synthesis of these cyclobutene-fused
heterocycles is of significant interest.
Electrophilic cyclization via alkynyl activation represents a feasible approach to generate
these scaffolds, as it has been demonstrated either for medical and pharmaceutical applications
as well as for new materials and industrial processes.[2]
In this scenario, gold activation of alkynyl moieties, which has proven to be a powerful tool
to a significant number of transformations, represents a robust and efficient process to achieve
this goal. Previously in the group, the synthesis of cyclobutene-fused O-heterocycles has been
reported by gold-catalyzed 5 exo-dig cyclization of alkynylcyclobutanes. [3]
In this communication, we report the synthesis of 3-azabicyclo[4.2.0]octan-2-ones through
a gold(I) catalyzed intramolecular cyclization of alkynyl cyclobutane carboxamides. Additionally,
a DFT analysis was carried out to gain some insight onto the mechanism justifying the high endo
selectivity observed for the cyclization.

References
[1] Sergeiko, A.; Poroikov, V. V.; Hanus, L. O.; Dembitsky. V. M. Open Medicinal Chem. J.
2008, 2, 26.
[2] Jiang, X.; Liu. H. In Comprehensive Organic Synthesis II. Elsevier. 2014.
[3] Garre, M. S.; Sucunza, D.; Aguilar, E.; García-García, P.; Vaquero, J. J. The Journal of
Organic Chemistry 2019, 84, 5712.
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GOLD(I) COMPLEXES BEARING THE DPPMPY LIGAND: CATALYTIC AND
PHOTOPHYSICAL PROPERTIES
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PNP-gold(I) complexes have been used as catalysts in several processes. For instance,
Echavarren and coworkers reported carbonylation of primary amines to form ureas catalyzed by
polynuclear gold(I) complexes bearing the [(Ph2P)2Py] ligand[1] and Toste group described the
allylation reaction of aryl boronic acids using the [(Ph2P)2NiPr]Au2Cl2 as catalyst.[2] We wondered
if the use of the DPPMPY (2,6-bis(diphenylphosphinomethyl)pyridine)[3] ligand, with a CH2 group
between the phosphorus and the pyridine moiety, could introduce different structural
characteristics in its gold(I) complexes which, therefore, could influence their catalytic capabilities.
In this contribution, we describe the synthesis and characterization of seven new gold(I)
complexes bearing the DPPMPY ligand. We have also studied their catalytic activities in the
intramolecular oxyarylation reaction of 2-vinylbenzoic acid and phenylboronic acid in the presence
of Selectfluor as oxidizing reagent (Table 1). Finally, we have also investigated the photophysical
properties of the DPPMPY-gold(I) complexes.
Table 1. Oxyarylation Reaction Catalyzed by DPPMPY-gold(I) complexes

Entry

Catalyst

Yield (%)

1

DPPMPYAu2Cl2(1)

50

2

DPPMPYAu2Br2 (2)

40

3

(DPPMPYAu4Cl2)(SbF6)2 (3)

42

4

[DPPMPYAu4(CH3CN)2](SbF6)4 (4)

64

5

(DPPMPYAu2Cl2)(BF4)2 (5)

40

6

[DPPMPYAu4(CH3CN)2](BF4)4 (6)

60

7

(DPPMPYAu2Br2)(BF4)2 (7)

61

References
[1] E. S. Smirnova, J. M. Muñoz-Molina, A. Johnson, N. A. G. Bandeira, C. Bo, A. M. Echavarren
Angew. Chem. Int. Ed. 2016, 55, 7487–7491.
[2] M. D. Levin, F. D. Toste Angew. Chem. Int. Ed. 2014, 53, 6211–6215.
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Our group developed a novel strategy for the synthesis of partially saturated higher acenes and
related compounds based on successive Sonogashira couplings between 1,7-enynes and
diiodinated arenes followed by gold(I)-catalyzed [4+2] cycloadditions, which are robust
transformations that proceed under mild conditions.[1-4] Now a more convergent methodology has
been developed that enables the acquisition of higher members of the acene series, starting from
tridecacene-H8, whose structure can be visualized by high-resolution STM and non-contact AFM
imaging.

Ackowledgements: We thank the MCIN/AEI/10.13039/501100011033 (PID2019-104815GBI00, CEX2019-000925-S), ERC PoC GAP 837225, the AGAUR (2017 SGR 1257), and CERCA
Program/Generalitat de Catalunya for financial support.
References
[1] R. Dorel, P. R. McGonigal, A. M. Echavarren. Hydroacenes Made Easy by Gold(I) Catalysis.
Angew. Chem. Int. Ed. 2016, 55, 11120–11123.
[2] R. Zuzak, R. Dorel, M. Krawiec, B. Such, M. Kolmer, M. Szymonski, A. M. Echavarren, S.
Godlewski. Nonacene Generated by On-Surface Dehydrogenation. ACS Nano 2017, 11, 9321–
9329.
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ACS Nano 2021, 15, 1548−1554.
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GOLD(I)-CATALYZED REACTIONS OF ACETYLENE GAS:
OLIGOMERIZATION AND POLYCYCLIZATION
Tania Medina-Gil,a,b Anna Sadurní,a,b Helena Armengol-Relatsa,b and Antonio M. Echavarrena,b
a

Institute of Chemical Research of Catalonia (ICIQ), The Barcelona Institute of Science and
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Gold(I) catalysis has experienced a huge impact for the construction of complex organic
frameworks during the past decades.[1] Even though the intramolecular version of these reactions
has been widely explored, intermolecular transformations are still challenging.[2] Our group have
recently developed a gold(I)-catalyzed reaction of acetylene and trans-stilbene for the selective
synthesis of (Z,Z)-1,3-dienes, which also leads to the formation of oligomers by formal insertion
of C2 units.[3] These reactions proceed by formation of cyclopropyl gold(I) carbenes followed by
rearrangement to afford the desired polyenes.

These results and the use of acetylene for the polycyclization of both 1,4 and 1,6-dienes will be
presented.

Acknowledgements: We thank the MCIN/AEI/10.13039/501100011033 (PID2019-104815GBI00, CEX2019-000925-S), the ERC (Adv. Grant 835080), FPI Fellowship to T.M-G (PRE2020092105), the AGAUR (2017 SGR 1257), and CERCA Program/Generalitat de Catalunya for
financial support.
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Despite gold’s reputation as an inert element in the past, in the last decades gold salts
have shown to be very useful catalysts for the activation of C-C multiple bonds to access heteroand carbocycles.[1]
Our group firstly described the synthesis of “push-pull” dienyne systems and studied their
behaviour under gold catalysis, showing to be reactive reagents toward different substrates, such
as nitriles, imines, silylimines… [2] On the other hand, ynamides have demonstrated to be versatile
building blocks for the synthesis of carbo- and heterocyclic compounds.[3]
In the current work, we report a gold(I) catalysed [4+2] cycloaddition reaction between
“push-pull” enyne systems and ynamides, obtaining highly substituted anilines in a total
regioselective way. The optimization of the reaction conditions, its scope and the mechanistic
proposal are disclosed as well.

Figure 1. Synthesis of polysubstituted anilines catalyzed by gold via cycloaddition
between “push-pull” enyne systems and ynamides.
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REACTIVITY IN GOLD(I) CATALYSIS
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Cationic AuI complexes are the most efficient and selective catalysts for the electrophilic
activation of alkynes in a plethora of carbon-carbon and carbon-heteroatom bond forming
processes under homogeneous conditions.1 Very recently, the use of cationic AuI complexes has
been extended to the activation of chloroalkynes and bromoalkynes, including haloalkynylation
reactions of alkenes2 and alkynes.3 On the other hand, there are few examples described of
hydrofunctionalization of haloalkynes.4 There is much interest in further development of this
transformation, since this type of reactions would allow a rapid access to haloalkene derivatives,
a pivotal class of compounds in modern chemistry given their increasing use in cross-coupling
processes.
In this context, we now wish to report a very recent example of counter-anion-dependent
Divergent Gold Catalysis, defined as the modulation of a catalyst system, so as to create a
divergence in the mechanistic pathway of a particular reaction which ultimately leads to the
formation of different products from essentially the same starting materials.5 Our research shows
that differences in the counter anion of the catalytic system enabled two divergent reaction
pathways between terminal alkynes and haloalkynes: catalyst containing non-coordinating anions
such as BArF4 results in the cis haloalkynylation of the terminal alkyne, whereas the introduction
of a weakly basic OTf counter anion results in the unprecedent hydroalkynylation of the
haloalkyne in good yields and complete trans selectivity.6 Mechanistic aspects will be also
discussed.

Figure 1. Route A: Haloalkynylation of terminal alkynes. Route B: Hydroalkynylation of
haloalkynes.
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1H-Isochromenes and dihydroisoquinolines are structural units present in a wide range
of natural products and bioactive compounds.[1] Their interest in Medicinal Chemistry has
promoted the search of efficient and versatile synthetic strategies. In this purpose, metalcatalyzed intramolecular hydrofunctionalization reactions have been shown as a convenient route
for the synthesis of 1H-isochromenes and dihydroisoquinolines.[2] However, the availability and
high cost of these transition metal complexes has prompted the search for alternative metals.
Indium(III) is a soft Lewis acid with dual catalytic activity in -acid and -acid catalysis.
Particularly interesting is their activity as carbophilic Lewis acid for the electrophilic activation of
unsaturated carbon-carbon bonds.[3] During the last years our group has developed novel
synthetic applications such as hydroarylation, hydroalkoxylation and enyne cycloisomerization
reactions.[4]

Herein, we report the indium-catalyzed hydroalkoxylation and hydroamination reactions
of ortho-alkynyl benzyl alcohols, amines, and carbonyl derivatives for the synthesis of
1H-isochromenes and dihydroisoquinolines. In this research, we found that InI3 (5 mol%)
catalyzes the 6-endo-dig regioselective hydrofunctionalization of o-alkynyl benzyl alcohols and
amines to afford isochromenes and dihydroisoquinolines in moderate-good yields. In addition, we
also discovered that o-alkynyl benzaldehydes and imines react, under indium(III) catalysis in the
presence of stoichometric amounts of the Hantzsch ester (HE) to give isochromenes and
dihydroisoquinolines. Further details about the reaction conditions, scope of the reaction and a
mechanistic proposal will be discussed.
Acknowledgements: We are grateful to the Ministerio de Ciencia, Innovación y Universidades
(PGC2018-097792-B-I00) and Xunta de Galicia (GRC2018/039) for financial support.
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Photochemical reactions are compatible with green chemistry and sometimes offer the
advantage of allowing reaction pathways that are otherwise inaccessible by non-photochemical
strategies. However, one of the main drawbacks is the presence of molecular oxygen, which may
quench these types of reactions, and therefore the use of anaerobic conditions in solution is
mandatory. One smartly way of preventing this quenching process is to perform reactions under
confined media which might decrease the diffusion of molecular oxygen without hindering the
reaction yield. Regarding confined media, supramolecular viscoelastic gels based on low
molecular weight compounds are found to act as appropriate reaction vessels and/or
nanoreactors. Therefore, combination of these two “hot” concepts provides the main advantages
associated with the emerging use of gel-based materials as nonconventional reaction media to
facilitate and control photochemical reactions.[1]
Compounds bearing triarylethylene core are very important scaffolds with widespread
applicability in diverse areas of research, ranged from bioactive molecules to OLEDs.[2] Among
the vast number of synthetic protocols employing transition metal catalysts, the Mizoroki–Heck
reaction involving the coupling of diarylethylenes with an aryl halide under visible light irradiation
appears to be the most attractive.[3]
With all this in mind, we wish to show herein our last results related to the formation of
triarylethylenes using visible light as energy source. A metal-free photochemical functionalization
of five-membered heteroarenes has been carried out in supramolecular gel media under visible
light irradiation and aerobic conditions. To initiate the reaction, biacetyl has been used as lowcost photoinitiator[4] in order to couple diphenylethylenes to five-membered heteroarenes (Figure,
see below). Several factors such as the effect of the confined reaction media, concentration of
reactants, solvent and type of light source that may influence conversion and selectivity will be
discussed. In addition, the scope of the reaction will be shown using both different heteroarene
halides and diarylethylenes and spectroscopic data will reveal mechanistic information.

Production of triarylethylenes through Heck-type reaction carried out in aerated gel media under
visible light irradiation.
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Eight-membered cyclic ethers are biologically interesting and challenging organic scaffolds
due to their occurrence in several bioactive natural products and their complex and macrocyclic
structure, complicating their synthesis.[1-2] These unsaturated eight-membered ring oxacycles
(oxocines) have been synthesized exploiting various methodologies such as olefin RCM,[3] Lewis
acid-promoted acetal–alkene cyclizations,[4] or Pd-catalyzed cyclizations.[5] Here, we present the
use of the Prins-Peterson tandem reaction as a direct alternative method. The reaction between
a tris-homoallylic alcohol and an aldehyde is catalyzed by Fe(III) salts and allows the formation
of a 4-2-substituted oxocine.
Preliminary trials during the optimization phase also led to the formation of 2,3,5trisubstituted tetrahydrofurans.

Thus, the reaction scope will be expanded using different aldehydes and silyl substituents;
DFT calculations and mechanistic studies have been performed to elucidate the reaction
mechanism and the stereochemical outcome.
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A newly developed chiral gold(I) catalyst by our group, which was designed based on a
modified JohnPhos-type ligand with a distal C2-2,5-diarylpyrrolidine, gave good
enantioselectivities in the cyclization of different 1,6-enynes.[1] Recently we have prepared a new
generation of more active catalysts that has been also applied for atroposelective cyclizations. A
detailed kinetic study has been performed in order to get a better understanding of the working
mode of our complexes with regard to JohnPhosAu(MeCN)SbF6.[2] The use of silver salts to
activate the gold complex has been avoided by using isolated cationic gold(I) catalysts (R,R)-A
and (R,R)-B. A set of experiments has been designed to study the single steps involved in the
catalytic cycle; among which are the determination of the reaction rate equation by variable time
normalization analysis[3] and initial rates, kinetic isotopic effect studies, determination of
thermodynamic parameters of activation by Eyring analysis and Hammet study.
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METAL-CATALYZED AEROBIC CLEAVAGE OF DILIGNOL
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Fossil fuel consumption is the cause of major environmental and health concerns.
Therefore, finding energy and chemical sources has become a priority. For this purpose, bio-fuels
and chemicals produced from biomass are considered as more sustainable alternatives.[1] Lignin
is the most abundant biomass, but its conversion into valuable aromatic monomers or liquid fuel
is still a great challenge. [2]
In the last years, we developed different metal catalyzed aerobic oxidative reactions in
green media.[3] We decided to evaluate these conditions in the aerobic oxidative of 1-(3,4dimethoxyphenyl)-2-(2-methoxyphenoxy)propane-1,3-diol (dilignol). Dilignol is a low molecular
weight lignin derivative that contains β-O-4 linkage. In this communication, we wish to report the
preliminary results of this study (Scheme 1).

Scheme 1: Oxidative cleavage of dilignol
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Imino esters are carbon nucleophiles operating under very mild conditions. They are direct
precursors of amino acid derivatives[1]. Due to the adjacent ester group, α-imino esters are more
reactive relative to other types of imines and undergo different kinds of reactions, including
organometallics addition, metal catalyzed vinylation and alkynylation, aza-Henry, aza-MoritaBaylis-Hillman, imino-ene, Mannich-type, and cycloaddition reactions, as well as hydrogenation
and reduction.
In this work, the reaction of imino esters and acrylates was carried in the presence of
dimethylphenylphosphine as a catalyst, under very mild conditions avoiding the corresponding
1,3-dipolar cycloaddition (Scheme). The control of the order and the slow addition of acrylates
was crucial to the success of the transformation.
The modification of the aromatic moiety and the α-substituent at the imino ester completed the
study of the scope of the transformation. Direct applications of the final compounds consisted in
the preparation of quaternized glutamic acid derivatives and pyroglutamic acid surrogates.

Scheme
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MO-CATALYZED ONE-POT SYNTHESIS OF N-POLYHETEROCYCLES
FROM NITROARENES AND GLYCOLS WITH RECYCLING OF THE WASTE
REDUCTION BYPRODUCT AS REAGENT
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Nitroaromatic compounds are readily available, abundant and inexpensive nitrogen
sources, which are typically reduced to the corresponding anilines as the initial step to access
more elaborated nitrogenated compounds. Therefore, the direct use of nitroaromatics as starting
materials is highly desirable for the synthesis of value-added nitrogenated derivatives, such as Nheterocyclic compounds, thus improving step-economy and saving reagent cost and time. In
addition, aza-fused polyheterocyclic frameworks are found in many different natural products,
most of them possessing diverse biological and pharmacological activities.
Following our interest in the development of clean and efficient synthetic methodologies
involving redox processes by using easily available dioxomolybdenum(VI) complexes as
catalysts, we had previously developed a tandem sequence for the synthesis of pyrrolo- and
indolo- quinolines and quinoxalines triggered by our Mo-catalyzed reduction method of
nitrobenzenes using glycols as reducing agents.[1] In this process, the resulting carbonyl
byproduct of the upstream reduction step is recycled as a reagent and incorporated in the final
structure. However, a limitation was found regarding the nature of the glycol reductant that needed
to be either an aromatic secondary glycol or a tertiary glycol (such as pinacol), while alkyl
secondary glycols proved unsuitable. With our current work, we have been able not only to extend
this strategy to the preparation of a wider variety of nitrogenated polyheterocycles
(marinoquinolines, (benzo)thienoquinolines and phenanthridines), but we have also solved that
initial limitation and have been able to incorporate both aryl and alkyl groups as R1 groups within
our strategy through the use of asymmetric glycols.[2]
This step-economical methodology has proved to be a clean, air- and moisture-tolerant
protocol for the one-pot synthesis of multiple N-heterocycles frequently found in biologically active
compounds. Remarkably, the waste byproduct of the reaction is used as a reactant for the next
step and incorporated into the final product thus enhancing the overall atom economy of the
process.
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MONOCOLOR CHEMOSENSORS FOR Ba2+ TAGGING EXPERIMENTS
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The BOLD experiment is focused on the observation of the neutrinoless double β decay of
Xe to 136Ba2+ through the detection of the daughter cation.[1] For this purpose, different
molecular sensors can be developed. These chemosensors can be classified into monocolor (offon) or bicolor (on-on’), depending on the shifts (Δλ) and changes in the intensity (ΔI) observed in
their emission spectra.[2],[3]
136

In this context, different off-on radiometric chemosensors have been synthesized in order
to understand their photophysics upon interaction with Ba2+ ions in vacuo and in solution. These
sensors incorporate two components: a fluorophore and a metal-binding group. The fluorophores
are kept as simple as possible, using structures with well-known photophysical properties. On the
other hand, N-aza-crown ether derivatives have been used as metal-binding groups. Finally, the
effects of disconnecting the abovementioned elements by splitting of components Ar1 and Ar2
(Figure 1), will be discussed.

Figure 1. Description of the off-on chemosensors synthesized in this work.
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NEW BOPHY DYES AS SENSITIZERS IN TRIPLET FUSION
UPCONVERSION SYSTEMS: SYNTHESIS AND PHOTOPHYSICAL
CHARACTERIZATION
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Triplet Fusion Upconversion (TFU) is one of the most attractive wavelength conversion
technologies which allows to shift from low energy to high one. It is well-established that this
phenomenon involves a two-photon process by a bimolecular system (see figure, left). Regarding
this point, the couple is comprised by a sensitizer that absorbs exclusively the low energy
irradiation and an acceptor/emitter which release the high energy such as fluorescence. Among
transition-metal complexes, purely organic substrates are used as sensitizers whereas
compounds with high fluorescence quantum yields such anthracene derivatives are chosen as
emitters. Recently, these sensitizer/emitter systems have been found to act as photocatalysts in
organic transformations since they are capable to activate bonds with high-energy demand.[1] The
photocatalytic activity relies somehow on the TFU quantum yield and construction of new TFU
systems for searching optimal efficiency is desired. In particular, synthesis of new organic
sensitizers appears to be of great interest from a sustainable point of view.
Bis(difluoroboron)-1,2-bis((1H-pyrrol-2-yl)-methylene)hydrazines (BOPHYs) dyes containing two
pyrrole-BF2 groups on the structure are chromophores of new generation.[2] Recently, a diiodide
BOPHY derivative has been employed as sensitizer in a TFU system that has photocatalyzed a
C–C coupling reaction.[3]
Interestingly, modification of the BOPHY structure by simple transformations of the organic
groups added to the main molecule of the symmetric BF2-pyrrole chromophore offers the
possibility of modulating the different photophysical properties depending on the scenarios or
chemical transformations overviewed.
Herein, we wish to show the construction of new BOPHY dyes with suitable properties to be part
in a TFU system (see figure, right). Following a conventional synthetic approach, incorporation of
different substituents such thioaryl or naphthalene groups has been successfully achieved. Thus,
combination of these compounds with several emitters will be investigated in order to generate
new TFU systems and the photophysical properties will be carried out by spectroscopic analysis.
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Left: Triplet Fusion Upconversion (TFU) mechanism (ISC: intersystem crossing; TTEnT: triplet–
triplet energy transfer). Right: Chemical structures of BOPHY derivatives
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NEW CHIRAL FERROCENYL-GOLD(I) CATALYSTS
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As part of our recent efforts in enantioselective gold(I) catalysis,[1,2] we have recently developed
a concise synthesis of novel chiral gold(I) complexes with 1,2-disubstituted monophosphino
ferrocene ligands. The preparation of these new complexes relied on a modular and simple
approach which allowed their expedient diversification and optimization. Among them, ferrocenylbased gold(I) complexes bearing ligands with 2-arylindoles as substituents show promising levels
of enantio-induction in standard cyclizations of 1,6-enynes.
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MeO2C

N
Fe
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H
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Modular synthesis
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Application of these and related catalysts in asymmetric gold(I)-catalyzed reactions will be
presented.
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NEW DIASTEREOSELECTIVE ONE-POT SYNTHESIS OF
PYRROLOPIPERAZINE-2,6-DIONES
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Multicomponent reactions (MCR), particularly the Ugi reaction, represent an interesting
strategy for the efficient synthesis of N-heterocycles, of great importance in the pharmaceutical
and fine chemical industries.[1] Pyrrolopiperazines, which are found in several natural products
such as antifungal, antibacterial, anxiolytic or antitumoral agents, are an example of this kind of
structures.[2] Different methodologies based on the Ugi reaction have been described for the
synthesis of pyrrolodiketopiperazines,[3] although these strategies present an important drawback:
the low diastereoselectivity of the process.
Herein we describe a novel one-pot methodology to synthesize pyrrolidinones and αmethylidene-γ-lactams fused with 2,6-diketopiperazines, via Ugi/nucleophilic substitution/Nacylation/debenzoylation sequences. The corresponding pyrrolopiperazine systems are obtained
with high chemical yields and an almost quantitative diastereoselectivity (Figure 1).

Figure 1. Synthesis of pyrrolopiperazines by one-pot two-step sequences.
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NEW GENERATION OF FLUORESCENT BICOLOUR SENSORS FOR
BARIUM TAGGING EXPERIMENTS
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One of the most important questions in particle physics and cosmology consists of
demonstrating that the neutrino is a Majorana fermion.[1] Observation of the neutrinoless double
β decay of 136Xe to generate the daughter cation 136Ba2+ is the most promising practical way to
demonstrate this hypothesis.[2]
Within this context, our research group has designed and synthesized the first generation
of fluorescent bicolour sensors (FBI-G1), whose emission spectra change upon binding to Ba2+
ions[3] by formation of supramolecular complexes in dry media involving solid-gas interphases.[4]
In this presentation, the synthesis of a second generation (G2) of bicolour sensors is
reported. These sensors have two essential components, a metal-binding group, and a
fluorophore. The latest structure is based on a benzo[a]imidazo[2,1,5-cd]indolizine derivative
(Figure 1).Finally, preliminary research involving the linkage of our sensors to surfaces such as
indium tin oxide glass (ITO), will be discussed.[5]
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Figure 1. Description of generation 1 (left) and generation 2 (right) chemosensors.
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NEW INHIBITORS OF THE MAIN PROTEASE OF SARS-COV-2
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In December 2019, a new respiratory disease caused by a novel coronavirus was reported
in Wuhan, China.1 Mpro enzyme from SARS-CoV-2 virus is a recognized target for the search of
new drugs for COVID19.2
In our group we have been previously reporting about inhibitors of cysteine proteases
related to tropical infectious diseases.3,4
In this communication, the design, synthesis and biological activity of new inhibitors of main
protease of SARS-CoV-2 will be reported. These compounds display a peptidic structure with an
electrophilic group acting as a warhead.
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Transition-metal-catalysed alkyne functionalization represents a powerful straightforward
methodology that allows access to stereochemically defined multifunctional olefins. These olefins
are usual structural motifs in bioactive compounds and materials, and also constitute versatile
building blocks. Therefore, the development of new alkyne functionalization reactions is widely
studied.[1] Usually, these metal-catalysed protocols involve migratory insertion steps of the metal
centre, which result in a syn-selective process. However, some authors have described the more
challenging anti-selective process.[2]
In this regard, only a few examples of Ni-catalysed anti-selective cyclization of enynes have
been found in the literature. The group of Lam has described the Ni-catalysed anti-selective
carbocyclizations using arylboronic acids and PHOX derivatives as key ligands.[2]
With these precedents, we decided to explore the Ni-catalysed anti-selective cyclizations
using alkyl halides (Scheme 1). To our surprise, the ligand which provided better results was
XantPhos, despite the fact that activation of alkyl halides usually requires redox active ligands
such as bipyridines or terpyridines.

Scheme 1: Ni-catalysed anti-selective hydroalkylative cyclization of enynes.
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Cycloisomerizations of various 1,n-unsaturated systems, such as dienes, enynes, triynes,
and enallenes, have been reported. In general, these reactions involve the use precious metal
catalyst like Rh, Pt, Au or Ag.[1]
However, the corresponding cycloisomerization reaction of allenynes is less investigated,
and it can provide an atom economical entry to polyunsaturated carbocycles. Studies on catalytic
cycloisomerization reactions of 1,n-allenynes using green synthetic protocols via nonprecious
metal catalysis are still rare and are in high demand.
Based on the interest of our group in Ni-catalyzed cyclisation reactions with
polyunsaturated substrates,[2] we decided to investigate a Ni catalyzed cycloisomerization
reaction in 1,5-allenynes. This reaction allows the synthesis of five-membered cycles containing
a triene structure and it occurs through the formation of Ni-H intermediates.
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Aliphatic carboxylic acids or structural derivatives of these entities appear as a common motif in
pharmaceutically active compounds.[1] The development of synthetic methods for incorporating
these isotopically labeled functional groups are therefore highly relevant for undertaking critical
pharmacological studies.[2] We present a synthetic method allowing for full carbon isotope
replacement via a nickel-mediated alkoxy carbonylation. The presented method employs a nickel
pincer complex in combination with carbon-13 labeled CO, alkyl iodide, sodium methoxide,
photocatalyst, and blue LED light, allowing for the formation of the corresponding isotopically
labeled aliphatic carboxylates in good yields.[3-4] Furthermore, the developed methodology was
extended to a 3-step carbon isotope exchange procedure stemming from the unlabeled
pharmaceutical.[5] Mechanistic investigations ruled out the formation of a NiII carboxylate species
and suggests an alternative pathway involving attack of an open shell species generated from the
alkyl halide to a metal ligated CO to generate an acyl NiIII species. Subsequent reductive
elimination involving the alkoxide eventually leads to carboxylate formation. In general, the
presented methodology provides a simple and convenient setup for the synthesis and carbon
isotope labeling of aliphatic carboxylates.
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Figure 1: nickel-mediated alkoxy carbonylation for complete isotope replacement
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Indolizidines and pyrrolo[1,2-a]azepines, which constitute a significant part of alkaloids
family, are sugar mimics that are considered as promising glycosidase inhibitors having attracted
considerable attention due to their therapeutic applications.1 In this context, cycloaddition
reactions of cyclic nitrones with olefines have provided an efficient tool to obtain diverse tropane
alkaloids through isoxazolidine derivatives.2 Recently, we reported the reaction of nitrone 1 with
reactive bromides which lead to these scaffolds in one step.

Scheme 1: Methodology for the obtention of tetrahydro-1,3-oxazine, indolizidine and
pyrrolo[1,2-a]azepine derivatives.
The opening of the hemiaminals (2, 4 and 5) with different organometallics compounds has
also been studied in order to develop new indolizidine and pyrrolo[1,2-a]azepines analogs.

Scheme 2: Obtention of new analogs with indolizidine and pyrrolo[1,2-a]azepine core.
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Hepatocellular carcinoma (HCC) is the most frequent primary liver tumor, ranked fourth in the list
of deadliest cancer.[1] In these patients, the response to pharmacological treatment is often very
poor due to the development of chemoresistance, which is accounted for by complex and effective
mechanisms, such as the reduction in drug uptake and hence in their ability to reach intracellular
targets.[2]
Bile acids (BAs) are endogenous metabolites involved in essential functions, such as digestion
and absorption of lipids and lipid-soluble vitamins. BAs are maintained, for the most part,
concentrated in the enterohepatic circulation, which includes the liver, biliary tree, gallbladder,
intestine, and portal blood, due to selective plasma membrane transporters. This organotypic
characteristic has led to the use of BAs as shuttles to target drugs to tissues located in the
enterohepatic circuit.[3]
In this study, we have designed and synthesized two novel BA derivatives named BATKIs
obtained by binding a modified BA moiety (cholic acid or glycocholic acid) to the first-line drug in
the treatment of HCC sorafenib. The linker is a 1H-1,2,3-triazole ring, obtained by a 1,3-dipolar
cycloaddition reaction between an azide derived from the BA and a sorafenib analog bearing an
alkyne moiety.[4]
The antiproliferative activity of the obtained compounds has been evaluated in several HCC cell
lines expressing or not specific liver transporters for organic cations and anions and BA. Uptake
assays revealed that organic anion transporter OATP1B3 efficiently takes up BATKIs. Moreover,
BATKIs displayed similar antiproliferative activity to sorafenib. These results were consistent with
molecular modeling studies, which supported the hypothesis that BATKIs are substrates of
OATP1B3 and interact with the active site of tyrosine kinase receptors (TKRs). In sum, BATKIs
are effectively taken up by HCC cells and interact with TKRs.
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Encapsulation of metal centers in supramolecular cages has been used for enhancing the
selectivity of metal catalysts as an approach for mimicking the behavior of enzymes.[1] Different
strategies have been described to locate gold(I) inside cavity entities that will act as the reactive
site.[2] Our group has recently reported the synthesis of a family of achiral and chiral gold(I)cavitand complexes from resorcin[4]arenes for the new selectivity in the cyclization of dienynes
and the enantioselective alkoxycyclization of 1,6-enynes, respectively.[3]
Now, a new generation of gold(I)-cavitand catalysts has been designed to achieve new
selectivities. First, employing bulkier walls (W) to force a constrained conformation for the
substrates to fit in the cavity pocket. Then, in the context of asymmetric transformations, we have
introduced the use of a chiral ligands (L*) on one of the metal centers of binuclear catalysts, while
the reaction takes place on the free gold(I) center.
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The tetrahydropyran structure can be identified in many natural products, which have a
wide variety of biological activities (antibiotic, antitumor, insecticide, etc.).[1] In this work we
present a novel methodology for the formation of tetrasubstituted tetrahydropyrans by a tandem
process of an ene reaction and further Prins cyclization catalyzed by iron(III) salts.
The ene reaction consists of the activation of the allylic C-H bond and an allylic
transposition of the C-C double bond to obtain the necessary homoallylic alcohol.

Then, from the E- and Z- homoallylic alcohol, an oxocarbenium intermediate is produced
by a well-stablished Prins cyclization,[2] which allows the formation of the corresponding
tetrahydropyrans, regenerating the catalyst by using TMSX in stoichiometric amounts.
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The proteasome is a multi-subunit complex in charge of protein degradation and plays an
essential role in the maintenance of protein homeostasis. Its abnormal function is related with
malignant diseases such as colon and prostate cancer, leukemia and multiple myeloma, among
others.[1] Furthermore, tumorigenic cells are more dependent upon proteasomal activity, being
highly sensitive to proteasome inhibition[2].
In our group we have developed a new family of proteasome inhibitors that aims to find
interactions with the P1’ site. They are based on previous drugs and natural products that target
the proteasome[3]. Compounds were prepared through a convergent synthesis with an
organocatalytic reaction as a key step. A study of the activity-selectivity-stereochemistry
dependence was carried out. All of them were tested in vitro and in living cells against
proteasome. Their activity and selectivity were measured through ABPP assays [4]. More active
compounds exhibited IC50 values lower than 30nM.
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The considerable importance of α-arylated carbonyl compounds, which are widely used as
final products or as key intermediates in the pharmaceutical industry,[1] has prompted numerous
research groups to develop efficient synthetic strategies for their preparation in enantioselective
fashion. In this context, the catalytic α-arylation of carbonyl enolates has been particularly helpful
in constructing this motif.[2] Among arylating reagents, quinone and benzoquinone have been
successfully used under organocatalytic conditions. However, the related ortho-benzoquinone
diimides have never been used in arylation reactions, although they have displayed heterodiene
behavior in enantioselective hetero-Diels-Alder reactions.[3]
On the other hand, the isoxazolin-5-one framework can be found as a structural constituent
of many natural products and bioactive compounds. Accordingly, the development of new
procedures for the synthesis of chiral derivatives of these heterocycles is of great interest for
organic chemists.[4] In this communication, we will report our results on the organocatalytic
enantioselective arylation of isoxazolin-5-ones with ortho-benzoquinone diimides. The reaction
provides the corresponding chiral isoxazolin-5-ones bearing an arylated quaternary stereocenter
with good to excellent yields and enantiomeric excesses.
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Benzopyran moiety is a key molecular structure present in a wide range of biologically
active compounds.[1]
In particular, 2-amino and 3-cyano substituted chromene derivatives have shown some
pharmacological applications, what has contributed to the interest of searching new efficient
methods for their preparation. Therefore, in the last years, some representatives enantioselective
organocatalyzed synthesis of 2-amino-3-cyano-4H-chromene derivatives have been reported.[2]
In addition, 4-phosphonate substitution seems to be interesting for their potential
antioxidant and anticancer activity. Hence, we present the first asymmetric synthesis of (2-amino3-cyano-4H-chromen-4-yl)phosphonates derivatives via a phospha-Michael addition to
iminocromenes derivatives.[3]
Target compounds are obtained with excellent yields and enantiomeric excesses, under
smooth reaction conditions, thanks to the activation of the substrates by a chiral organocatalyst,
which makes this methodology very attractive for the pharmaceutical industry.
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Many organic reactions that initially start from aldehydes lead to products of biological
interest. However, aldehydes over time, easily become contaminated with traces of their
carboxylic acids. Thus, during the development of our previous Henry protocol,[1] we realized that
the presence of these acidic traces could inactivate the organocatalyst. Encouraged by this fact,
we explored the possibility of producing in situ the aldehydes by oxidizing the corresponding
alcohols.[2] These chemicals are, in general, more convenient than aldehydes, mainly due to their
high availability and stability, as well as their easier handling. The transformation of primary and
secondary alcohols to obtain the corresponding carbonyl compounds for their subsequent
reaction with nucleophiles in an organocatalytic and enantioselective manner has been scarcely
explored.[3]
The Pudovik reaction is an important C-P bond-forming method in organic synthesis, based
on the reaction of phosphorus nucleophiles with aldehydes.[4] Herein, we want to present the first
organocatalytic enantioselective Pudovik reaction starting from alcohols and the biological
assessment of the final α-hydroxyphosphonates.
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Ortho-selective borylation of benzamides enabled by bipyridine ligands
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Regioselective functionalization of aromatic C-H bonds represents a major, ongoing challenge in
modern organic synthesis.[1] Among the different types of methodologies that enable such
functionalizations, rhodium, and especially, iridium-catalyzed borylations are particularly
attractive given the versatility of the resulting boronated products.[2] These reactions are best
carried out using bidentate 2,2’-bipyridine or phenanthroline ligands, and are governed by steric
factors, resulting in functionalization of meta and para positions in aromatic compounds.[3]
Therefore, robust and versatile methods to perform ortho-borylations, that override the intrinsic
selectivity of this reaction, are very valuable.[4] Specially, aromatic amides, which are common
structural motifs in many pharmaceuticals and agrochemicals, have proven to be a challenging
type of substrate to functionalize and have barely been addressed.
Herein we report a novel ortho-borylation using Iridium catalysis and modified bipyridine ligands.
When the commonly used 2,2’-bipyridine ligands are modified with CF3 substituents in position 5
of the pyridine rings we achieve an excellent regiocontrol towards the ortho-borylation of a wide
number of aromatic secondary and tertiary benzamides.
The reaction proceeds with excellent regioselectivity even in the presence of other known ortho
directing groups, without compromising the reactivity of the system. We have further
demonstrated the utility of the method by performing regio- and chemoselective late-stage
borylations of biorelevant products.
Experimental data together with DFT calculations suggest that the excellent regioselectivity
derives from non-covalent interactions between the substrate’s benzamide group and the
polarized ring(s) of the bipyridine, which is further exacerbated by hydrophobic effects in polar
solvents.

 Fast reaction times
 Simple bipyridine ligand
 Secondary and tertiary amides
 Excellent regioselectivity

Figure 1. A CF3 substituent in the bipyridine ligand determines the ortho selectivity.
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Activation: Direct Access to Nitrogenated Heterocycles
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Transition metal-catalyzed cycloaddition reactions, which allow the formation of two bonds and
one cycle in a single step, are very appealing from a synthetic point of view.[1] In contrast to the
importance of heterocycles in the pharmaceutical, agrochemical and chemical industries where
such nuclei are ubiquitously found in these products, existing methodologies are limited to access
the product in a quick and easy manner.[2] Our research group has made efforts to develop
methodologies that allow the straightforward access to heterocycles by means of metal-catalyzed
cycloaddition reactions via C–H activation processes.[3] In line with this, we disclose an intensive
study of the ligand-accelerated Pd-catalyzed formal (4+2) cycloaddition between nitrogencontaining substrates and dienes towards the synthesis of nitrogenated rings.[4]
a

Scheme 1. Pd(II)-catalyzed formal (4+2) cycloaddition between alkyl amides and dienes to
assemble piperidone rings.
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Photocatalysis is one of the most economical strategies for the synthesis of small
molecules that uses visible light as an environmentally friendly and sustainable source of
energy.[1] In this work, we will present our results on the synthesis of thioamides from nitriles
employing a Ir(III) organometallic compound as catalysts,[2] blue light (lexc = 457 nm) and DABCO.
The behavior of both aromatic and amino nitriles will be discussed (Scheme 1). TD-DFT
calculations will be presented to propose possible reaction mechanisms for this reaction.

Scheme 1. Synthesis of thioamidas from nitrile
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Laetevirenol A is a resveratrol oligomer found in Parthenocissus laetevirens, a climbing
plant from eastern China, that displays a potent antioxidant activity with potential applications in
the treatment of various pathologies related to the production of free radicals [1]. The tetracyclic
structure of Laetevirenol A shows a phenanthrene skeleton condensed with a diaryl substituted
cyclopentane ring. In this sense, we have recently described a regioselective synthesis of
phenanthrene derivatives by a gold(I)-catalyzed cycloisomerization of 1,3,5-trien-7-ynes [2].
In this work, we report the application of this methodology for the formation of the
phenanthrene skeleton of the natural product and the studies developed towards the total
synthesis of Laetevirenol A (Figure 1).

Figure 1. Synthetic route to obtain Laetevirenol A.
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PYRIDINE-HYDRAZONES AND Pd(TFA)2: VERSATILE CATALYSTS FOR
THE ADDITION OF ARYLBORONIC ACIDS TO N-CARBAMOYL
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The design, synthesis and evaluation of new chiral ligands are
essential tasks for the continuous development of asymmetric metal
catalysis. Catalysts generated by combination of enantiomerically pure
pyridine-hydrazone ligand I and Pd(TFA)2 have been successfully applied to
the asymmetric addition of arylboronic acids to different electrophiles, such
as ß-substituted cyclic enones, dienones, saccharin-derived cyclic ketimines
and diketimines with a great stereocontrol and high yields in all cases.[1] In
this communication, we present next generation ligands II bearing optimal distinctive C2symmetric 2,5-diarylpyrrolidine scaffolds which have allowed the 1,2-addition to N-carbamoyl
protected hydrazones affording enantiomerically pure α-aryl α-hydrazinoacid derivatives and αaryl α-alkylhydrazines , key building blocks for the development of artificial peptides and
peptidomimetic drugs.[2]

Scheme: Enantioselective addition of arylboronic acids to N-carbamoyl protected hydrazones.
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RECENT PROGRESS IN THE TOTAL SYNTHESIS OF CALLYSPONGIOLIDE
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Callyspongiolide is a macrolide isolated by Proksch and coworkers[1] in 2014 from the
marine sponge Callyspongia sp., collected of the coast of Indonesia. Callyspongiolide exhibited
strong in vitro cytotoxicity in a submicromolar concentration against human Jurkat J16 T and
Ramos B lymphocytes. Due to its potent activity, callyspongiolide has been proposed as a
promising lead compound for the development of new anticancer agents.
The enantioselective total synthesis of callyspongiolide was devised by construction of
the macrolide (fragment A) and the side chain (fragment B), which would then be joined in the
final stages of the synthesis by a Sonogashira coupling with C15-C16 bond formation.

In 2020 we reported[2] the preparation of macrolide 1, which constitutes a formal synthesis
of callyspongiolide. However, the key RCM of diene 2 took place in good stereoselectivity but in
low yield. With the aim of improving the efficiency in the preparation of 1 and complete the total
synthesis of callyspongiolide, we have explored a new synthetic route via the cyclic carbonate 4
that involves a RCM reaction from the carbonate 3. The latest advances in the total synthesis of
callyspongiolide will be presented.
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The ability of sulfones to form new C-C bonds has hugely relied on the acidity of the vicinal H
atom. Nonetheless, recent years have witnessed a growing interest in the cleavage of the C-S
bond as an innovative approach for the formation of C-C bonds, illustrating the remarkable
versatility of the sulfone moiety. This approach has been widely explored with alkyl, alkenyl, and
aryl sulfones, surprisingly there are only scarce reports concerning propargyl sulfones. [1],[2]
In this work, we report a divergent cross-coupling strategy for the catalytic functionalization of
propargyl 2-pyridyl sulfones with Grignard reagents. The presence of iron catalysts induces an
SN2’-type process enabling access to propargyl alkynes. In contrast, the use of copper-based
catalysts gives rise to the corresponding allene by means of an SN2-type process. Consequently,
this methodology provides a straightforward strategy to obtain selectively allenes or propargylic
alkynes on demand.

References
[1] Trost, B .M.; Kalnmals, A. C. Chem. Eur.J. 2019, 25, 11193 –11213
[2] Gong L.; Sun H. B.; Deng L.F.; Zhang X.; Liu J.; Yang S.; Niu D. J. Am. Chem. Soc. 2019,
141, 7680-7686.

888

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-342

REVISITING THE DEOXYGENATING ABILITY OF DIBORON REAGENTS
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Diboron compounds are non-toxic, easily available, versatile, and valuable reagents in a wide
variety of organic transformations, mainly in borylation reactions.[1] The ability of B2pin2 to
deoxygenate N-O bonds has been described being extremely easy for amine N-oxides.[2] Pyridine
N-oxides can also be reduced to the corresponding pyridines but with some limitations and using
harsher conditions. Nitroaryl derivatives can also be reduced by diboron compounds in the
presence of additives like bases or pyridine derivatives.[3]
With these precedents, we envisioned that diboron compounds could have similar reactivity
with other functional groups such as nitrones. Nitrones are robust and versatile reagents[4] and
the difficulty for the selective reduction to imines has been pointed out in the literature. We will
present a mild and clean method to reduce nitrones to imines and a systematic study of the
reactivity of diboron reagents with nitrones in the absence and in the presence of different Lewis
and Bronsted bases as additives (Scheme 1).

Scheme 1. Reduction of nitrones with diboron reagents and systematic analysis of the additives.
Nitrones and aminoxyl radicals like TEMPO are frequently used as radical proves of radical
processes. Their tolerance under certain conditions to diboron reagents will be discussed.
Moreover, several mechanistic aspects and the power of diboron reagents to reduce other type
of substrates will be shown.
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The organocatalytic formation of quaternary stereocentres has historically been focused
on the stereocontrolled electrophilic functionalization of -substituted carbonyl groups. This has
been due to two main reasons: firstly, the easy deprotonation under mild enolization conditions
using easily accessible chiral Brønsted bases or acids, and, secondly, the synthetic value of the
products obtained (synthesis of α-mercapto, α-hydroxy and α-amino acid derivatives with
tetrasubstituted stereocentres). The synthesis of other quaternary stereocentres has not been as
common.[1]
For example, in the last years, the synthesis of chiral quaternary N,O-ketals and
trifluoroalkylated compounds separately have been widely studied owing to their unique roles in
the enhancement of agrochemical and pharmacological activities. However, the incorporation of
this trifluoroalkylated substituents in N,O-aminals has been little explored.
With the aim of solving the lack of methods for their synthesis, in this work, a new regioand stereoselective synthesis of quaternary trifluoroalkylated N,O-aminals has been developed.
An in situ azlactone formation, followed by a Brønsted base catalyzed vinylogous C2-Michael
addition to enones, provides quaternary optically active N,O-aminals with excellent yields and
enantiomeric excesses in most of the examples (Scheme 1).

Scheme 1
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Linear polyamines are molecules of interest in diverse scientific fields as they present
important biological [1] and technological [2] applications. To date, the synthesis of linear
polyamines presents serious inconvenients owing to the requirement of protection of preexisting
amine groups in order to selectively achieve elongation of the linear skeleton avoiding undesirable
branching.[3] This fact has negative repercussions regarding the effort demand, the yields and
occasionally the requirement of harsh reaction conditions.
In this communication, we present a simple, straightforward strategy to obtain linear
polyamines containing ethylenedimine or propylenediamine fragments from nitriles under mild
conditions and free of amine protection-deprotection steps.
The strategy is based on a thre-steps sequence: 1) elongation of a preexisting amine with
a nitrile-containing fragment; 2) transformation of nitrile group into a cyclic 5 or 6-membered
amidine by treatment with a 1,2- or 1,3-diamine fragment catalyzed by N-acetylcysteine; 3) a
borane reductive ring opening of the cyclic amidines (Figure 1). The scope of this methodology
was explored, showing a preference for 5-membered over 6-membered cyclic amidine formation.
The last step (borane reduction) is a reaction scarcely explored in the literature that, in our hands,
proved of great usefulness because of its complete selectivity in producing linear polyamines, so
that products could be isolated in high purity and good yields without the need of chromatographic
purification. The characterization of polyamines includes 1H and 13C-NMR spectroscopy and high
resolution mass spectrometry under electrospray ionization. These techniques exhibit high purity
products, resulting in an improvement compared with current methodologies.

Figure 1. Scheme of the synthetic methodology
Implications of this methodology regarding selective primary amine protection with benzyl
groups in linear polyamines, as well as linear elongation of polyamine chains from preexisting
amino groups are also discussed.
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SIMULTANEOUS SYNTHESIS OF r-TCA CYCLE CONSTITUENTS AND
FATTY ACIDS UNDER PLAUSIBLE PREBIOTIC CONDITIONS USING
AQUEOUS AEROSOLS
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Taking in mind the questions laid out by Eschenmoser about whether there are unrecognized
cyclic patterns of non-robust reactions in the chemistry of HCN,[1] a set of reactions were carried
out using NaCN and NH4Cl in the presence of aqueous aerosols, in an analogous way to
described previously.[2] The concentration of the reaction products along the time were monitored
by GC-MS, paying special attention to the glyoxylic acid (Figure 1a), to the carboxylic acids of
rTCA cycle (Figure 1b) and related compounds (Figure 1c),[3] and fatty acids (Figure 1d). In some
cases, the concentrations of the analytes identified change along the time following an oscillating
pattern like until reaching the steady state because the reactions were carried out in a closed
system. In this way, a first approach to the establishment of oscillated reactions from the chemistry
of cyanide in aqueous aerosols is proposed, revealing the importance of this interfacial systems
in the emergence of a first protometabolism beyond of the analytical results previously reported
and also in the main building-blocks of the membranes.
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Figure 1. Variation of the yields vs reaction time of glyoxylic acid (a); constituents of the rTCAC
(rTCAC = reverse tricarboxylic acids cycle); (c) transamination products and other related
compound with the rTCAC; and (d) fatty acids in crude reactions from NH4CN polymerizations
using aqueous aerosols. The identification and quantification of these compounds were made by
GC-MS after acid hydrolysis of the crude reactions
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Isotopically-labelled scaffolds have gained increasing interest in the last years as they are
key components in chemical research.[1] Particularly relevant is the introduction of deuterium in
biologically-active molecules as a strategy for improving their pharmacokinetic and metabolic
properties in drug discovery experiments.[2] Indeed, in 2017, the US Food and Drug Administration
(FDA) approved the first deuterium-labelled drug, Austedo® for treating Huntington disease.[3]
Over the past decades, the synthetic community has explored different alternatives for introducing
deuterium in the late-stage part of a synthetic route. In this context, ligand-assisted H/D exchange
protocols catalyzed by transition metal (TM) catalysts have emerged as a very powerful and
versatile tool for accessing a wide range of deuterated molecules. Traditionally, the reported
methodologies involve the employment of noble metals (e.g., Ir, Pd) and/or the use of D2 gas as
the deuterium source.[4],[5] Therefore, it is timely to explore alternative catalytic systems, that
merge the use of cost-effective first-row metals and easily accessible deuterium sources.
Herein, we report the design and development of a versatile synthetic protocol, catalyzed
by Cp*CoIII systems, that enables the ortho-deuteration of C(sp2)–H bonds. By fine-tuning the
reaction conditions, we were able to employ readily available deuterium sources, D2O or CD3OD,
to functionalize a wide array of molecules containing prevalent directing groups. Indeed, the utility
of this transformation has been exploited in the late-stage functionalization of complex organic
scaffolds such as drug-type molecules and pesticides.

Figure 1. Cobalt-catalyzed ligand-assisted C–H deuteration
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SMALL ACTIVE CAVITY WITH HIGH ELECTROPHILICITY IN
POLYPYRAZOLYLBORATE METAL CATALYSTS
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Poly(pyrazolyl) borates are powerful ligands for metal complexes with catalytic activity.[1] These
scorpionate ligands appear in complexes bearing almost all transition metals with a wide variety
of applications.[2] Despite the advances made, ligands presenting simultaneously a bulky group
and electron-withdrawing substituents remain inaccessible up to date. However, these ligands
would be of special interest in catalytic processes that require both high metal electrophilicity and
a small catalytic pocket.
Here we present a set of new bis- and trispyrazolylborate ligands not accessible up to date
bearing encumbering substituents near the metal center (substituent R1) to decrease the catalytic
pocket and electron-withdrawing group (substituent R2) to increase metal electrophilicity.

The X-ray structures of several thallium(I) and cobalt(II) complexes bearing these new
scorpionate ligands have been determined. The study of M-N bond lengths and angles of these
new complexes reveals a high steric protection of the metal center combined with a decreased
coordination ability of the ligand compared to the already described ones.

TlBptBu,NO2

TlTkptBu,NO2
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Mixed-valence diruthenium complexes (Ru25+) have drawn substantial interest due to their
outstanding properties (magnetic, electronic, and electrochemical) and applications (catalysis,
electronics, biomedicine, and biotechnology).[1]-[3]
The precise control on the synthetic procedure is essential for the obtention of new
derivatives with Ru25+ core. Conventional heating under inert atmosphere has been the most
common activation method. In the last decade, our research group has investigated the
application of solvothermal microwave-assisted synthesis as green strategy to prepare
diruthenium compounds. However, this method is focused mainly on obtaining fully substituted
species, [Ru2Cl(L-L)4] (L-L = bidentate bridging ligand such as carboxylates, amidates or
amidinates), using [Ru2Cl(O2CMe)4] as starting material.[4]-[6]
Here, we report a novel and general synthetic route for the capture of the elusive
monosubstituted derivatives, [Ru2Cl(L-L)(O2CMe)3] (L-L = formamidinates or amidates), using
ultrasound-assisted synthesis. This procedure follows the philosophy of sustainable chemistry
and permits an effective replacement of only one acetate group with good yields and the reduction
of time and energy consumption. Although a few monosubstituted species had been reported
earlier, this is the first time that an exhaustive description of the structural (Figure 1) and
physicochemical properties is detailed.[7] Monosubstituted compounds are particularly interesting
because they combine stability, water-solubility, and a different reactivity than the compounds
with different substitution degrees, [Ru2Cl(L-L)x(O2CMe)4-x] (x = 2, 3, 4).

Figure 1. Different topologies found in the novel monosubstituted diruthenium compounds: a)
Almost linear polymer chain, b) zigzag polymer chain and c) discrete molecular species.
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Shang-Zheng Sun,a,b, † Laura Talavera a,b, † Philipp Spieß,a Craig S. Daya,b and Ruben Martina,c*
a

Institute of Chemical Research of Catalonia (ICIQ); bUniversitat Rovira i Virgili, Departament de
Química Analítica i Química Orgànica; cCatalan Institution for Research and Advanced Studies
(ICREA); † Equal contribution
e-mail: ltalavera@iciq.es

Keywords: bis-organometallic, chain-walking, Ni catalysis, olefin functionalization
Selective metal-catalyzed cross-coupling reactions of alkenes en route to sp3 monoorganometallic reagents has been established as a powerful strategy to build up molecular
complexity from simple chemical feedstocks. However, only limited examples have been
described to forge sp3 poly-organometallics, which include olefin 1,2-bis-metallations[1] or 1,2
hydrometallation of vinyl metal species[2]. In contrast, the ability to access sp3 bis-organometallics
via site-selective olefin 1,1-difunctionalization, would not only complement existing 1,1difunctionalizations[3], but also offer an opportunity to rapidly and reliably access 1,2-bisorganometallic intermediates with an extra carbon. As part of our interest in the field,[4] we have
recently reported a 1,1-difunctionalization event of unactivated olefins en route to sp3 bisorganometallics bearing both C–B and C–Si linkages.[5] The transformation is characterized by its
broad scope, mild conditions, and exquisite chemo- & regioselectivity, even with challenging
substrate combinations.

Scheme 1. B,B(Si)-reagents via site-selective olefin 1,1-difunctionalization
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STEREOSELECTIVE SYNTHESIS OF MONOTERPENE INDOLE
ALKALOIDS FROM BUILDING BLOCKS CONTAINING A QUATERNARY
STEREOCENTER
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e-mail: sordeix@ub.edu
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The enantioselective formation of quaternary stereocenters has always been a challenge
in stereoselective synthesis. Over the past few years our research group has developed a
methodology for the alkylation of the enolate of enantiopure oxazolopiperidone lactams in good
to excellent stereocontrolled manner due to their conformational rigidity. The subsequent double
reductive opening of the resulting dialkylated lactams gives access to enantiopure linear building
blocks,[1] 5-aminopentanols, 5-hydroxypentanitriles and 5-hydroxypentanoic acids, containing an
all-carbon quaternary stereocenter in their structure.
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In order to demonstrate the synthetic potential of our methodology we aimed at the
asymmetric syntheses of the Kerr’s intermediate,[2] and the indole alkaloid kopsiyunnanine K.[3]
The err´s intermediate constitutes an advanced precursor in the synthesis of the natural products
(-)-mersicarpine, (-)-leuconoxine and (-)-leuconolam. A common structural feature of the
aforementioned alkaloids is the presence of a quaternary stereocenter bearing an ethyl
substituent. Therefore, both syntheses can be accomplished from the common intermediate A.
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[1] a) Guignard, G.; Llor, N.; Urbina, A.; Bosch, J.; Amat, M. Eur. J. Org. Chem. 2016, 693–703.
b) Guignard, G.; Llor, N.; Molins, E.; Bosch, J.; Amat, M. Org. Lett. 2016, 18, 1788–1791.
[2] a) Magolan, J.; Carson, C. A.; Kerr, M. A. Org. Lett. 2008, 10, 1437–1440.
b) Ordeix, S.; Alcaraz, M.; Llor, N., Calbó, A.; Bosch, J.; Amat, M. Tetrahedron 2020, 76,
131017.
[3] Tokuda, R.; Okamoto, Y.; Koyama, T.; Kogure, N.; Kitajima, M.; Takayama H. Org. Lett. 2016,
18, 3490−3493.
897

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-351

STEREOSELECTIVE SYNTHESIS OF THE DECALIN MOTIF OF
SAGAMILACTAM
Iglesias O., Martínez C., Álvarez R. and de Lera A. R.
a

Departamento de Química Orgánica, Facultade de Química, CINBIO, Universidade de Vigo,
Campus As Lagoas-Marcosende, 36310, Vigo, Spain.
e-mail: oscar.iglesias.menduina@uvigo.es

Keywords: sagamilactam, decalin, intramolecular Diels-Alder.
Nowadays, microorganisms are the main source of natural products. The decalin motif is present
in a variety of natural products derived from the action of polyketide and/or isoprenoid synthases,
and is often associated to their biological activities. Among the synthetic methods to construct the
decalin skeleton, the Diels-Alder reaction is the most widely used due to its versatility, allowing to
control the relative configuration of the chiral centers in the synthetic target through the choice of
intra- or intermolecular variants.
Sagamilactam was isolated in 2016 from Actinomadura sp. K13-0306 and showed a powerful
antitrypanosomal activity.[1] This natural product is a 26-membered macrocyclic lactam, with three
polyene fragments, an amide and two stereocenters, that is fused to a dihydroxylated
hexahydronaphthalene containing six additional stereocenters. Since the relative configuration of
two of the stereocenters (C15 and C33) could not be determined, the absolute configuration of
the natural product is unknown.
On our efforts towards the total synthesis of hexahydronaphthalene natural products,[2] we have
carried out the stereocontrolled synthesis of diastereoisomers of the decalin fragment of
sagamilactam using an intramolecular Diels-Alder reaction.
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The development of sustainable catalytic processes to prepare N-heterocycles compounds
has gained significant importance. In this work, we present the first straightforward synthesis of
benzimidazoles by reductive coupling of o-dinitroarenes with aldehydes using molecular
hydrogen as a green reducing agent (Figure 1).[1] These are essential compounds for the
pharmaceutical and agrochemical industries.
The catalyst applied for the establishment of this catalytic process was prepared by an
innovative synthetic strategy that employs molecular clusters as precursors to engineer a
molybdenum sulfide material displaying structural defects (i.e. active sites) on both the naturally
occurring edge positions and along the typically inactive basal planes. The importance of this
peculiar structural configuration was proved by performing catalytic control experiments using
structure related materials.
By applying this catalyst, a broad range of functionalized 2-substituted benzimidazoles
have been selectively synthesized by such a direct hydrogenative coupling protocol even in the
presence of hydrogenation-sensitive functional groups, such as double and triple carbon−carbon
bonds, nitrile and ester groups, and halogens as well as diverse types of heteroarenes. Moreover,
the synthetic value of this methodology has been further demonstrated by synthesizing bioactive
compounds with pharmaceutical and agrochemical applications.

Figure 1. Hydrogenative coupling of o-dinitroarenes with aldehydes catalyzed by a molecular
cluster-based molybdenum sulfide catalyst.
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Aminyl radicals are nitrogen-centered radicals that can be obtained from organic azides
and are considered versatile intermediates for C-N bond formation due to their high reactivity.[1]
Unlike broadly used carbon-centered radicals, aminyl radicals have received much less attention.
Tributyltin hydride (Bu3SnH) and catalytic azobisisobutyronitrile (AIBN) are excellent reagents for
the generation of aminyl radicals through the homolytic addition of stannyl radicals to
aromatic/aliphatic azides with simultaneous loss of N2.[2]
We had previously reported[3] the unexpected formation of ring-expanded 2,8diazabicyclo[3.2.1]oct-2-ene system as major compound when attempting the desulfonylation of
[2.2.1]azabicyclic β-azido sulfones (3-azidoazanorbornanes) under the above radical conditions.
With the aim to establish the structural requirements for this singular ring expansion, in this
communication we present the effect of different bridgehead atoms and an alkyl substituent at C4
in the radical rearrangement. Finally, attempts to perform this ring expansion on monocyclic
counterparts have been also explored in order to evaluate the influence of the bicyclic skeleton
on the rearrangement. A detailed mechanistic proposal supported by computational studies is
now reported.
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Different types of sunscreens and UV filters are used to protect the organisms from the
potentially damaging effects of UV light irradiation. [1] The atmosphere is not able to filter the UVA wavelength (320-400 nm) which can cause photochemical reactions eventually causing skin
aging, cancer or even death of the lifeforms. [2] In nature, evolution has provided living organisms
with different techniques to cope with these effects. The design of artificial sunscreens should
follow some requirements such as having a photo-, chemical and thermo stability, and efficient
mechanisms for energy dissipation and, in recent times, to be ecofriendly.
In this study, we have analyzed the properties of different UV filters that we have
synthesized based on the structure of natural protective molecules. The UV-Vis absorption
properties, the photoprotection mechanism, the photostability of the molecules, and the ability to
protect different surfaces were studied. Combinations with commercially available sunscreens
with the aim of obtaining the best result of photoprotection were also considered.
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Fluoroalkenes are bioisosteres of peptide bonds, due to their similar dipole moment, geometry
and the ability to accept hydrogen bonding. The incorporation of fluorine into peptides produces
also beneficial effects, including higher lipophilicity, membrane permeability and metabolic
stabilities of the probes.[1] (Z)- and (E)-fluoroalkenes can also be used to mimic selectively the
trans or cis isomer amide.[2] Therefore, fluoroalkenes have become attracting drug candidates
during the recent years.[3] Moreover, they could also serve as precursor for creating fluorinated
quaternary carbon center, which is a challenging task in organic synthesis.[4] However, practical
and stereospecific synthetic methods for the preparation of fluoroalkenes are rather limited,
access to diverse fluoroalkene derivatives is highly desirable. Particularly, 3-fluoroallylic alcohols
have caught our attention, since allylic substitutions of such alcohol derivatives open new
possibilities for the synthesis of fluorine containing compound classes.
Herein, we describe the enantioselective preparation of the 3-fluoroallylic alcohols, as well as
the following allylic substitution of 3-fluoroallylic acetates with various nucleophiles.[5] The rhodium
catalyzed allylic cyanation provides 3-fluoroallylic nitriles in high Z/E-selectivity, regioselectivity
and enantioselectivity with nearly no stereoerosion. This method enables the preparation of
enantiopure fluoropeptide isosteres which will find applications in peptide chemistry.[6] We will
also present the recent study of organozinc reagents as nucleophiles, which brings new insights
for understanding the regioselectivity of fluorine containing allylic substitution reactions.

Figure 1: Fluoroalkenes as bioisosteres and allylic substitution of 3-fluoroallylic alcohols.

References
[1] a) Q. Ma, Y. Wang, G. C. Tsui, Angew. Chem. Int. Ed. 2020, 59, 11293 b) M. Isoda, Y.
Uetake, T. Takimoto, J. Tsuda, T. Hosoya, T. Niwa, J. Org. Chem. 2021, 86, 1622.
[2] M. Drouin, J.-F. Paquin, Beilstein J. Org. Chem. 2017, 13, 2637.
[3] A. T. Adam, F. R. Fronczek, D. A. Colby, Org. Lett. 2020, 22, 2630.
[4] a) T. W. Butcher, J. F. Hartwig, Angew. Chem. Int. Ed. 2018, 57, 13125; b) J. Liu, Q. Yuan, F.
D. Toste, M. S. Sigman, Nature. Chem. 2019, 11, 710.
[5] C. Middel, L. Zygalski, J. Meinecke, U. Koert, Adv. Synth. Catal. 2021, 363, 1028.
[6] L. Zygalski, C. Middel, K. Harms, U. Koert, Org. Lett. 2018, 20, 5071.

902

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-356
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Over the last years, our group has been focused on the design and development of domino
processes based on the propargyl Claisen rearrangement of propargyl enol ethers (PVEs)[11]. In
a previous work[2], we found that the microwave irradiation of PVEs 1 bearing an electronwithdrawing group (EWG) at the propargylic position led to furans 3. This conversion took place
through a domino process involving the propargyl Claisen rearrangement of 1 and the tandem
enolization/5-exo-dig O-cyclization of the β-allenal intermediate 2.

Inspired by these results, we envisioned that this process could be applied toward the
preparation of 2-aminopyrroles 7 by replacing the propargylic carbon and the oxygen of the
starting PVE by two nitrogen atoms.

We report herein the results of this study and its implementation as a synthetic strategy to
access polysubstituted 2-aminopyrroles[3].
References
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Group 6 metal Fischer carbene complexes are highly valuable reagents in synthetic organic
chemistry due to their versatility. In particular, alkoxyalkynylcarbene complexes have experienced
growing synthetic application in recent years, taking part in the regio- and/or diastereoselective
formation of C-C or C-heteroatom bonds.[1]
On the other hand, N-tosylhydrazones are widely used as versatile building blocks in the
construction of a broad range of cyclic compounds.[2]
This work describes a novel reaction between Fischer alkoxyalkynylcarbene complexes
and N-tosylhydrazones that leads to 1,3-disubstituted 5-alkoxy-1H-pyrazoles (Figure 1). It is the
first example of a cycloaddition process in which N-tosylhydrazones act as [2N] synthons. The
reaction can be performed with a large variety of alkoxyalkynylcarbene complexes (both aromatic
and aliphatic) and N-tosylhydrazones bearing H in ɑ position, and it is compatible with a wide
array of functional groups.

Figure 1. Synthesis of 1,3-disubstituted 5-alkoxy-1H-pyrazoles by a formal [3+2]
cycloaddition reaction between Fischer alkoxyalkynylcarbene complexes and Ntosylhydrazones.
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In recent years, the application of gold-vinylidene intermediates in organic synthesis has
gained great importance.[1] Our groups have described several insertion reaction of these highly
reactive intermediates both in C—H and C—O bonds.[2] More specifically, the formation of a gold
(I) vinilydene intermediate by 1,2-halogen shift on a parent aromatic haloakyne bearing a suitable
functional group at the ortho-position results in the formation of a 5-membered benzo-fused ring.
Hence, when an alkyl group is present at the ortho-position indene derivatives are formed while
an O-acyl group would afford benzofuranes (Scheme 1A). In order to challenge this strategy, we
decided to confront the gold (I) vinylidene intermediate against the strongest bond in organic
chemistry, the Si—O bond (Scheme 1B). In this way, a series of benzofurane derivatives
decorated with a halogen atom and a trialkylsilyl group at specific positions has been obtained.
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The pyrrolidine moiety is present in many natural and unnatural products with biological and
pharmaceutical properties. For this reason, there is a huge number of methodologies to
synthesize these systems. Among them, 1,3-dipolar cycloaddition reactions with azomethine
ylides are of significant importance, because these transformations use to take place with great
stereocontrol and allow access to polyfunctionalized pyrrolidines in a single reaction step.[1] The
synthesis of 4-ethynyl-2-methyl-6-aryltetrahydropyrrolo[3,4-c]pyrrole-1,3(2H,3aH)-diones is
presented in this communication. Key step of this synthesis is a 1,3-dipolar cycloaddtion involving
unactivated azomethine ylides derived from imines of aromatic or heteroaromatic aldehydes, and
propargylamine, taking place C-H thermal activation under metal free conditions. Symmetrically
substituted N-substitutedmaleimide were used as dipolarophile. The multireaction transformation
takes place in a single synthetic operation, the order of the addition of the three-component to the
reaction mixture being crucial to achieve high yields. Propargylamine and the aldehyde were
added first, and after 15 minutes at room temperature, the corresponding maleimide was finally
added, and the reaction mixture was maintained at 130 ºC in a high-pressure tube overnight.
Almost endo-approach dipole-dipolarophile was observed, the dipole being in a S-shape
conformation,[2] leading to the formation of the pyrrolidine ring with relative 2,5-trans configuration.
This methodology can be implemented in the synthesis of polycyclic systems by transforming the
reaction products applying conventional transformations (N-alkylations, ring-closing metathesis,
cyclotrimerizations of alkynes,…).

[1] (a) C. Nájera, J. M. Sansano Pure Appl. Chem. 2018, 91, 575-596. (b) J. Adrio, J. C. Carretero
Chem. Commun. 2019, 55, 11979-11991.
[2] V. Selva, C. Nájera, P. Merino, J. M. Sansano Org. Lett. 2018, 20, 3522-3526.
[3] We gratefully acknowledge financial support from the Spanish Ministerio de Economía,
Industria y Competitividad, Agencia Estatal de Investigación (AEI) and Fondo Europeo de
Desarrollo Regional (FEDER, EU) (projects CTQ2017-82935-P and PID2019-107268GB).
Generalitat Valenciana (CIDEGENT/2020/058) and the University of Alicante.
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Alkylphosphocholines (APCs) such as miltefosine 1 and perifosine 2, (Figure 1) constitute an
interesting group of compounds within alkylphospholipids (APLs) showing not only anticancer
activity, but also antileishmanial, antibiotic and immunomodulatory activities. Anticancer activity
of APLs takes place targeting the lipid rafts, which are lipidic microdomains located in the cell
membrane, where APLs are accumulated inducing apoptosis-like cell death with moderated
selectivity over cancer cells.[1-3],
In this project, different lipidic chains are synthesized and attached to the polar head:
phosphocholine, PC or phosphodimethylpiperidine, PDMP. The incorporation of different groups
modifying the position in the lipidic chain will reveal their importance in the selectivity and activity
modulation; as have been reported before for the iodine analogues, that show a higher
incorporation ratio into tumour cells.
Herein, we communicate the synthesis of miltefosine derivatives (2, 4, 5 and 7) and perifosine
derivatives (3 and 6):

Figure 1
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The addition of aryl fragments to alkynes (alkyne hydroarylation reaction) has been broadly
studied during last years due to its synthetic utility, which provides access to valuable
functionalized aryl-substituted alkenes, which are present in biologically active compounds and
are synthetically valuable intermediates for fine chemicals and materials.[1] Among the different
metal catalyzed methodologies described (addition of organometallics reagents to alkynes,…),[2]
it is important to highlight the C–H hydroarylation (C–H addition to alkyne). In particular, the orthodirected alkyne hydroarylation combine the advantages associated to the C–H functionalization
procedures (better atom efficient, cleaner,…), with excellent levels of regio- and stereocontrol.
However, despite the progress made in this field, most of the alkyne hydroarylation reactions
described for the asymmetric synthesis of axially, helically, or planar chiral compounds, are nondirected intramolecular Friedel–Crafts-type alkenylations that proceed through formation of metal
π-alkyne complexes. Meanwhile, directing group-assisted intermolecular versions have been less
explored.[3]
Inspired by our previous results on the N-directed Ir-catalyzed asymmetric C–H
hydroarylation of enol ether and strained alkenes (Figure 1),[4] we decided to explore in this
context an asymmetric atroposelective version for the hydroarylation of alkynesAfter an exhaustive screening of conditions, the [IrCl(cod)]2/(S,S)-Quinox-P] complex was
identified as the most selective/active catalyst for the hydroarylation of internal alkynes with
heterobiaryl substrates, leading the title compounds in high yields and in good to excellent
enantioselectivities.

Figure 1: Asymmetric hydroarylation of alkynes.
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In the present research different cross-coupling reactions of 3-iodo-2-phenylbenzofuran
were studied with the use of a heterogeneous palladium catalyst. Supported catalysts have
considerable advantages over homogeneous ones: besides the high yields, the catalyst is
reusable and the metal leaching can be minimised, so they have a good perspective in medicinal
chemistry.[1] A further aim of the work was the synthesis of different benzofuran derivatives. These
compounds are central pharmacophores and privileged molecules in pharmacology and have
featured in several clinically used drugs.[2]
The applicability of a formerly developed IL-based heterogeneous palladium catalyst[3] was
tested in Suzuki and Sonogashira coupling reactions. The optimal reaction conditions, such as
base, solvent and reaction time were investigated in the presence of the iodo-containing
benzofuran derivative and simple reagents. Good selectivity, high conversion and excellent yield
were measured as the result of the model reactions. The catalyst could be reused in at least five
runs without a significant loss of activity and palladium leaching was also determined. Based on
the good results the scope of the couplings was explored and was found to be very broad:
benzofuran derivatives with various structures were synthesised.

The synthesis of 3-ethynyl-2-phenylbenzofuran that makes further functionalisation of the
skeleton possible, was also planned. The first step – the palladium catalysed Sonogashira
reaction of the iodo-containing benzofuran derivative and ethynyltrimethylsilane – was carried out
under homogeneous and heterogeneous conditions as well to give the desired product.
Carbonylative Sonogashira coupling was also investigated with the use of the same
heterogeneous palladium catalyst. In this case further optimisation of the reaction conditions is
needed because of the significant amount of different side products.
Acknowledgements: The support of GINOP-2.3.2-15-2016-00049 grant is acknowledged.
References:
[1] Urbán, B.; Papp, M.; Skoda-Földes, R. Curr. Green Chem. 2019, 6, 78-95.
[2] Zhao, C.; Liu ZQ. Biochimie 2012, 94, 1805-11.
[3] Adamcsik, B.; Nagy, E.; Urbán, B.; Szabó, P.; Pekker, P.; Skoda-Földes R. RSC Adv. 2020,
10, 23988-23998.

909

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-363
SYNTHESIS OF FUNCTIONALIZATED INDOLE DERIVATIVES FROM
INTRAMOLECULAR CARBOLITHIATION OF 2-BROMO-N-(2-BROMO-3PHENYLALLYL)-N-METHYLANILINE.
Miguel Ángel Muñoz Torres and Roberto Sanza
Área de Química Orgánica, Departamento de Química, Facultad de Ciencias, Universidad de
Burgos, Pza. Misael Bañuelos, s/n, 09001, Burgos
mamtorres@ubu.es
Keywords: indolescarbazoles carbolithiation cyclization  3-(-lithio)benzylindoles
a

The synthesis of heterocycles is one of the main lines of research in organic chemistry.
Indoles and carbazoles are well-known N-heterocycles with many applications in different fields,
principally in medicine and materials science.1 In this field we and others have reported the goldcatalyzed synthesis of carbazoles from properly alkynyl-substituted indoles as an efficient
strategy to prepare a wide variety of functionalized carbazoles.2
Some years ago, our group had reported the intramolecular carbolithiation of 2-lithio-N-(2lithioallyl)anilines that led to 3-lithiomethylindoles and, after trapping with electrophiles, to
functionalized indoles, although in low to moderate yields.3 More recently, we decided to take
advantage from these methodologies and planned to merge organolithium chemistry with goldcatalyzed reactions to access carbazoles from simple starting anilines. However, the reported
carbolithiation was not very efficient due to the fact that a competitive -elmination reaction on
the initially generated dianion also takes place leading to significant amounts of N-methylaniline
and therefore, lowering the yield of the desire indole derivatives (Scheme 1a).
Looking for improving the intramolecular carbolithiation reaction, we envisaged that adding
an anion-stabilizing group, such as a phenyl, on the terminal position of the allyl group in the
starting amine would favor the overall process. Herein, we present our results about the
preparation of 3-(-lithio)benzylindoles and their further reactivity with electrophilic reagents
(Scheme 1b).

Scheme 1.
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Choi, Molecules 2013, 18, 6620–6662; b) V. M. Norwood, R. Huigens, ChemBioChem 2019, 20,
2273–2297. c) L. S. Tsutsumi, D. Gündisch, D. Sun, Curr. Top. Med. Chem. 2016, 16, 1290–1313. d)
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2 a) L. Wang, Y. Liu, Org. Lett. 2011, 13, 3786–3789. b) Y. Qiu, W. Kong, C. Fu, S. Ma, Org. Lett.
2012, 14, 6198–6201. c) Z. Zhang, X. Tang, Q. Xu, M. Shi, Chem. Eur. J. 2013, 19, 10625–10631. d)
A. Suárez, S. Suárez-Pantiga, O. Nieto-Faza, R. Sanz, Org. Lett. 2017, 19, 5074–5077.
3 F. J. Fañanás, A. Granados, R. Sanz, J. M. Ignacio, J. Barluenga, Chem. Eur. J. 2001, 7, 2896-2907.

910

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-364

SYNTHESIS OF HIGHLY FUNCTIONALIZED 1H-ISOINDOLES VIA A Rh(II)CATALYZED CASCADE REACTION INVOLVING CARBENE
ALKYNE/METATHESIS AND NITRILES
À. Díaz-Jiménez,a R. Monreal-Corona,a M. Solà,a A. Poater,a A. Roglans,a A. Pla-Quintanaa
a
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Within the family of N-heterocyclic compounds, the isoindole scaffold is one of the most frequently
found in natural products and drugs, as well as being used as a precursor for antitumor agents,
alkaloids and fluorescent probes.[1] Two different isomers of the isoindole family can be found:
1H-isoindoles and 2H-isoindoles. Due to the 2H-isoindole isomer being aromatic, it is the most
stable, and hence, the most studied one to date. On the other hand, few catalytic methods have
been reported for the synthesis of the 1H-isoindole core, showing the need to develop new
catalytic reactions to access this kind of compounds in a highly efficient manner.
Carbene/alkyne metathesis (CAM) cascade reactions have become one of the more powerful
tools for the synthesis of polycyclic molecules through multibond formation in a single reaction
step.[2,3] By reacting a carbene with an alkyne moiety, a vinyl-carbene is formed that can further
react with several reaction partners, furnishing the desired polycyclic compounds. Although being
studied previously with carbenes, the reactivity of vinyl-carbenes with nitriles has not been widely
explored. To the best of our knowledge, there has been only one example of trapping an in situ
generated gold vinyl-carbene with a nitrile unit.[4] Therefore, and as continuation of our ongoing
research into using unsaturations to terminate the cascade reaction, we report a CAM tandem
process terminated using a nitrile for the synthesis of highly functionalized spirocyclic 1Hisoindoles with excellent yields and excellent diastereomeric ratios. This reaction accounts for the
formation of 5 new bonds and 4 new rings in just one reaction step and can tolerate several
substituents both in the benzonitrile unit and in the α-diazo aryl group, yielding the desired product
in all cases.
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The hormonally active form of vitamin D is known as calcitriol or 1,25-dihidroxivitamina-D3 and
its main function is the calcium and phosphorus homeostasis in the organism. Furthermore, it has
been demonstrated that this molecule also takes an important role in other biological processes1,
such as control of cell proliferation or regulation of endocrine, cardiovascular and reproductive
system.
Because of that, calcitriol could be used to treat numerous illnesses. However, using calcitriol as
treatment of these diseases implies serious hypercalcemic effects.
Therefore, analogs of 1,25-dihidroxivitamina-D3 commenced to be studied in order to obtain
more specificity for the non-classical functions of vitamin D3 but with less calcemic activity,
avoiding the secondary effects of calcitriol as a drug. Among these analogs highlights1,25dihidroxi-22-oxa-calcitriol or maxacalcitol, which has an oxygen atom in 22 position and exhibits
similar effects on cell proliferation than calcitriol but produces less hypercalcemic activity2. On the
other hand, novel Gemini-type analogs, which have a double side-chain, have demonstrated a
high selectivity for antiproliferative activity3 and low hypercalcemic effects.
It is for that reason, we propose the synthesis of novel oxacalcitriol Gemini analogs, focusing on
the obtaining of compound 2 (Scheme 1), which is a key intermediate in the synthesis of this kind
compounds. For this purpose, available commercial Inhoffen diol was used to obtain ketone 1
which is starting material in a synthetic towards diol 2. This novel methodology allows us to get
total stereocontrol over 20 position.

Scheme 1. Synthetic route to obtain novel oxacalcitriol Gemini analog.
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The increase of antimicrobial resistance is already showing worrying damaging effects and it is
set to be one of the biggest challenges humanity is facing. With an estimated 10 million deaths
per year in 2050, solutions to tackle this issue are needed. [1]
Photopharmacology offers a selective and safe way
to activate and deactivate drugs. Several
precedents have proved the benefits of using orthosubstituted azobenzenes coupled to peptidic
antibiotics. [2] This photoswitchable moiety allows
for their activation with red light, as well as
subsequent deactivation when exposed to solar
light. However, their syntheses present some
limitations.
In this work, we aim to develop a methodology to
synthesize tetra-ortho-methoxylated azobenzene
amino acids as photoswitchable building blocks. These azobenzenes can be isomerized using
red light instead of the harmful UV light and are resistant to aromatic nucleophilic substitution. [3]
The methodology developed will be applied to synthesize several analogues of antimicrobials,
containing the tetra-methoxylated and tetra-chlorinated azobenzene moiety. The antimicrobials
selected have been catalogued as critically or highly important by the WHO, present a
functionality that allows chemoselective conjugation with the photoswitch and the reactive moiety
does not overlap with the pharmacophore. [4]
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[2] Just-Baringo X, Yeste-Vázquez A, Moreno-Morales J, Ballesté-Delpierre C, Vila J, Giralt E.
Chem. Eur. J. 2021, 27, 12987-12991.
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Aza-Michael and thiol-Michael addition of 16-dehydropregnenolone were studied in the
presence of a basic ionic liquid, [DBU][OAc] as catalyst and solvent. The reaction was carried out
using different amines and thiols.
Ionic liquids have several advantages: the products can be separated from the ionic liquid using
apolar organic solvents, and they can be reused. They have high thermal stability and are not
corrosive.
Michael addition of electron deficient steroidal alkenes, e.g. 16-dehydropregnenolone
provides an efficient route for the introduction of heteroatoms into the side chain of steroids and
often leads to compounds with pharmacological effect. Michael adducts of 16dehydropregnenolone with different alcohols showed anti-oxidant and antidyslipidemic activity [1].
16α-Heteroaryl-pregnenolone derivatives were found to be effective in vitro against cervical HeLa,
prostate DU 205 and breast cancer MCF-7 cell lines [2]. Others are potential DPP-4 inhibitors,
which can be used for the treatment of diabetes mellitus type 2 [3].
In the present work, electron-deficient steroidal alkenes were used as starting materials
with different amines and thiols as nucleophiles. The reaction of 16-dehydropregnenolone was
carried out in the presence of a basic ionic liquid as catalyst and solvent.
The reactions were followed by thin-layer chromatography and the products were purified
by column chromatography. The products were obtained in moderate to good yields and were
characterized by 1H and 13C-NMR, MS and IR. The reusability of the ionic liquid was also studied.
The ionic liquid was found to be an efficient and recyclable catalyst that was reused five times.
The aza-Michael addition products were investigated for the inhibition of in vitro C17,20-lyase
activity and displayed moderate inhibitory effect [4].
Acknowledgements: The support of MOL Hungarian Oil and Gas Public Limited Company (MOL
Nyrt.) and Foundation of PEREGRINATIO I. (VVE) are acknowledged. This work is supported by
the Foundation ‚Industry for Education of Engineering in Veszprém’ (Ipar a Veszprémi
Mérnökképzésért Alapítvány), Association of the National Research, Development and
Innovation Office (OTKA 120014).
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The biological activity of nitrogen heterocycles explains the relevance of these systems in
the pharmaceutical industry. This is the case of pyrrolopiperazines, found in many natural
products, which present antibiotic, antibacterial or antitumoral properties.[1] Many synthetic
strategies have been developed for the synthesis of these compounds, being multicomponent
reactions (MCR) one of those that have demonstrated more versatility.[2] Herein we describe two
new simple methodologies for the synthesis of pyrrolopiperazinones based on the
Ugi/deprotection/cyclization strategy (UDC). The Ugi reaction was carried out using three doubly
functionalized reagents, 3-bromopropylamine, arylglioxals and N-Boc protected α-aminoacids,
with isocyanides as the fourth component. Afterwards, the pyrrolo and piperazinone systems were
built at different stages, depending on the strategy followed, in order to evaluate the chemical and
stereochemical outcome (Figure 1).

Figure 1. Synthesis of pyrrolopiperazinones by Ugi/post-condensation sequences.
The Ugi/cyclization by intramolecular nucleophilic substitution/de-Boc/cyclization sequence
(Route A, Figure 1) was more efficient from the chemical point of view than the other one (Route
B, Figure 1). However, both sequences present an important drawback, the low
diastereoselectivity observed (d.e. < 5 %), despite the fact that the new stereogenic center was
not generated during the Ugi reaction.[3]
Acknowledgments
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Calyciphylline A type alkaloids are a structurally complex group of Daphniphyllum alkaloids
containing several stereogenic centers and fused rings. In this work, a synthetic approach to their
ABC substructure with the adequate functionalization to achieve more advanced intermediates
en route to the targeted alkaloids is reported.
The key steps in our synthetic strategy start with the preparation of a trichloroacetamide
suitable to perform a 5-endo-trig radical cyclization to form the hydroindole moiety (AB ring)
bearing the quaternary center at C-3a. Hydroindole enelactams have been used by our research
group as valuable scaffolds for the construction of complex structures in alkaloid synthesis.[1]
Here, the obtained bicyclic lactam III is converted to intermediate IV through several fast
transformations with no purification required. Then, ketoaldehyde IV is submitted to a
stereocontrolled aldol cyclization leading to tricyclic alcohol V with a syn relation between
substituents at C-8 and C-3a. Finally, the challenging installation of the characteristic methyl
group is achieved via a two-step diastereoselective sequence: i) tosylation of the alcohol, and ii)
substitution of a tosylate by a methyl group using a Gilman organocuprate. The bowl-shaped
azatricyclic structure controlled both the aldol cyclization and the methylation processes, resulting
in retention of the configuration at C-8. Calculations to understand the stereochemical course of
these processes are ongoing.
The targeted compound VI constitutes a formal synthesis of Himalensine A[2] and its
functionalization opens the way for the development of new routes to other related Daphniphyllum
alkaloids.
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Metal-carbenes have earned a well-deserved reputation as reactive intermediates in
organic synthesis and catalysis.[1] Among them, gold carbene intermediates, catalytically
generated from readily available precursors, have gained an increasing role as synthetic tools. In
this context, propargylic esters in combination with gold catalysts are usual precursors of vinyl
gold carbene intermediates through a [1,2]-acyloxy rearrangement. These gold carbenes exhibit
a rich reactivity towards alkenes and dienes. However, the use of alkynes as trapping reagents is
clearly underdeveloped.[2] As far as we are aware, the synthesis of functionalized
cyclopentadienes by gold-catalyzed reaction of propargyl esters and ynamides reported by
Hashmi and coworkers in 2013 represents the unique example of intermolecular trapping of gold
carbene intermediates arising from propargyl esters with a carbon-carbon triple bond.[3]
As part of our ongoing interest in developing new synthetic applications based on the
reactivity of gold vinylcarbene precursors towards unsaturated organosilicon reagents,[4] herein
we report that the gold-catalyzed reaction of propargyl esters and alkynylsilanes provides vinyl
allene derivatives resulting from consecutive [1,2] acyloxy and [1,2]-silyl rearrengements.[5]

This transformation exhibited a good substrate scope providing the corresponding products
in good yields. Full atom-economy, scalable character and low catalyst loadings are additional
relevant features of this transformation. Mechanistic experiments and DFT studies support a
stepwise mechanism involving the regioselective attack of the alkynylsilane to the gold carbene
intermediate and subsequent 1,2-silyl rearrangement as key steps.
A preliminary study on the enantioselective version of this reaction has provided promising
results (up to 90% ee).
References
[1] M. Jia, S. Ma, Angew. Chem. Int. Ed. 2016, 55, 9134-9166.
[2] R. K. Shiroodi, V. Gevorgian, Chem. Soc. Rev. 2013, 42, 4991-5001.
[3] E. Rettenmeier, A. M. Schuster, M. Rudolph, F. Rominger, C. A. Gade, A. S. K. Hashmi,
Angew. Chem. Int. Ed. 2013, 52, 5880-5884.
[4] O. Bernardo, K. Yamamoto, I. Fernández, L. A. López, Org. Lett. 2021, 23, 4452-4456.
[5] O. Bernardo, S. González-Pelayo, I. Fernández, L. A. López, Angew. Chem. Int. Ed. 2021, 60,
25258-25262.

917

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-371
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The pharmacological activities of quinolines and naphthohydroquinones have been a
subject of study in Medicinal Chemistry in recent years. These structures, found in many natural
products, show important bioactivity such as anticancer, antibacterial, antifungal, and
antimalarial.[1,2] Therefore, both moieties are important cores in the development of new
compounds with potential pharmacological activity.[3]
The strategy of hybridization or molecular conjugation is used in Medicinal Chemistry to
combine various bioactive chemical structures or fragments in one hybrid molecule, with the aim
of developing new compounds with improved properties. The fragments can be joined directly or
through various connectors or linkers in one single molecule. The synthesis of new hybrid-type
compounds with a quinoline skeleton and a naphthohydroquinone moiety can be an interesting
path to improve the pharmacological properties of these compounds.[4]
In this research work, a method of hybridization between quinoline and
naphthohydroquinone fragments was developed to obtain hybrid compounds.
The quinoline moiety was synthesized in a multicomponent Doebner type reaction and the
naphthohydroquinone moiety was synthesized from myrcene and p-benzoquinone. Several ,dibromo-linkers were used to join them through two ester linkages in the final hybrid compounds.
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4-Aryl-3,4-dihydropyrimidin-2(1H)-ones 1 (DHPMs) were reported for the first time more
than a century ago. In 1893 the Italian chemist Pietro Biginelli discovered an acid-catalyzed
multicomponent reaction between aromatic aldehydes, urea and ethyl acetoacetate that produced
multifunctionalized DHPMs 1, in a simple one-pot process (Scheme 1).[1]

Scheme 1. Biginelli synthesis of 3,4-dihydropyrimidin-2(1H)-ones 1 (DHPMs).
However, the real interest in DHPMs 1 arose several decades later, having experienced a
remarkable rebirth in the early 1980s. This was mainly due to their structural relationship with the
clinically important dihydropyridine calcium channel blockers (e.g. nifedipine), used in the
treatment of high blood pressure.[2]
Moreover, the introduction of fluorine atoms into organic molecules usually promotes
dramatic changes in their biological properties. In this context, inspired by previous work of the
group,[3] we have developed a new variant of the Biginelli reaction that allows the asymmetric
preparation of a new family of C6-fluoroalkyl substituted DHPMs 5. Our synthetic strategy starts
with the reaction of allyl sulfoxide 2 through the -position with fluorinated nitriles 3 to generate
enamino sulfoxides. Upon treatment with iso(thio)cyanates 4, a tandem intermolecular nucleofilic
addition-intramolecular aza-Michael addition (over the previously formed vinyl sulfoxides) might
render 3,4-DHPMs 5 (Scheme 2).

Scheme 2. One-pot tandem process for the synthesis of enantiomerically pure DHPMs 5.
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Radical reactions are proven useful tools in C-C bond generation because the initial radical can
evolve to form additional C-C bonds until the new radical species is trapped. With a careful design
of substrates and control of the reaction conditions, it is possible to develop tandem radical
reactions that allow the construction of complex structures starting from simple starting
materials.[1]
Metal-catalyzed hydrogen atom transfer (MHAT) reactions are radical-based reactions with high
chemo- and site-selectivity and a wide functional group tolerance that allow the use of mild and
non-toxic conditions.[2] Our group has developed several MHAT C-C bond-forming reactions of
non-activated alkenes with a wide variety of acceptor groups such as aldehydes,[3a] ketones,[3b]
Cbz hydrazones[3c] and tosyl hydrazones.[3d] Despite the many advantages of MHAT-based
radical reactions and their potential for developing new tandem reactions, as yet few examples
are reported in the literature.
In order to evaluate the potential and expand our knowledge of MHAT reactions, we designed
and investigated two new reaction processes: (i) the use of tosyl hydrazones as acceptor groups
in an intramolecular cyclization followed by in-situ fragmentation and subsequent intermolecular
trapping of the generated tertiary radical with a Michael acceptor; (ii) the use of isocyanides as
radical acceptors. In the latter, after generation of the radical on an alkene, an intermolecular
addition to the isocyanide and subsequent intramolecular trapping renders a range of
heterocycles, including phenanthridines (as shown below), indoles and isoquinolines.
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A great number of biologically active natural compounds contain heterocycles in its
structure. Their wide variety and challenging structures have attracted the attention of many
researchers, who have developed new procedures for the synthesis of a variety of heterocycles[1].
Among others, Prins cyclization[2] and its silicon-based version[3] are effective synthetic
methodologies to obtain different ring-sized oxacycles in high yields and stereoselectivity.
Herein we present the synthesis of an antinociceptive compound[4] via silyl-Prins
cyclization. The bioactive product, an halogen-containing cis-2,4,6-trisubstituted tetrahydropyran,
is synthesised from a vinylsilyl alcohol. The initial vinylsilane is cyclized by a silyl-Prins reaction
to obtain a trisubstituted tetrahydropyran in a highly selective manner. Two further steps are
required to produce the antinociceptive compound as the only diastereomer (Scheme ). By this
way, a new regio- and stereoselective synthetic route for a bioactive compound is presented.

Scheme 1 Synthesis of an antinociceptive compound via silyl-Prins cyclization
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Sulfone-containing compounds are prevalent building blocks in pharmaceuticals and other
biomolecules, and they serve as key intermediates in the synthesis of complex scaffolds.[1] During
the past decade, several methods have been developed to access sulfones.[2] These strategies,
however, require the use of strong reaction conditions, limiting their substrate scope. Recently,
electron donor-acceptor (EDA) complex photoactivation has been enlisted as a powerful strategy
in organic synthesis because it avoids the use of exogenous photosensitizers and allows the rapid
assembly of diverse structural motifs under ambient conditions.[3] This work demonstrates a
thianthrenium-enabled[4] sulfonylation via intra-complex charge transfer to generate transient aryland persistent sulfonyl radicals that undergo selective coupling to generate alkyl- and (hetero)aryl
sulfones under ambient conditions. Importantly, this strategy allows retention of halide handles,
presenting a complementary approach to transition metal-mediated photoredox couplings.
Furthermore, this sulfonylation allows high functional group tolerance and is amenable to latestage functionalization of complex biomolecules. Mechanistic investigations support the
intermediacy of electron donor-acceptor (EDA) complexes.
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THREE-COMPONENT SUZUKI-MIYAURA/ALLYLIC SUBSTITUTION: A
REGIOSELECTIVE APPROACH TO 2-ARYL ALLYL SULFONES
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The synthesis of chiral sulfones has been widely used mainly due to the versatility of this
functional group.[1] Regarding asymmetric and catalytic transformations, several groups have
synthetized and hydrogenated vinylic sulfones by using ruthenium, rhodium, or iridium
complexes.[2]
Most reported substrates were internal alkenes (2-aryl-2-methyl vinyl sulfones) that often
encounter E/Z-selectivity issues in their preparation steps and may be hard to separate. To
overcome this, a three-component Pd-catalysed synthesis of terminal 2-aryl allyl sulfones has
been developed. This novel one-pot synthesis is regioselective and allows functionalization both
at the aryl and sulfonyl moieties with good to excellent yields (65-90%), avoiding the selectivity
issues (Scheme 1).

Scheme 1. Regioselective preparation of terminal 2-aryl allyl sulfones.
The aforementioned allylic sulfones were subsequently hydrogenated employing the
commercially available UbaPHOX iridium complex, affording chiral β-methyl sulfones with up to
99% ee (Scheme 2). The screening conditions, the mechanism and the scope of both reactions
as well as some synthetic applications will be reported in the present communication.

Scheme 2. Ir-catalysed asymmetric hydrogenation of 2-aryl allyl sulfones.
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TITANIUM CYCLOPENTADIENYL COMPLEXES WITH DIFFERENT
PENDANT GROUPS: SYNTHESES, CHARACTERIZATION, AND
APPLICATIONS
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Research Andrés M. del Rio,
e-mail: joan.vinueza@edu.uah.es
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One of our ongoing research lines is focused on the expansion of a new approach for the
synthesis of metal complexes bearing an ancillary bifunctional cyclopentadienyl ligand by
incorporating different pendant donor functionalities. This synthetic strategy involves construction
of the ligand skeleton at the coordination sphere of the metal atom by direct reaction of [Ti(

5

-

C5H4SiMe3-nCln)Cl3] with different protic reagents, via the protonolysis of M-Cl and Si-Cl bonds,
thus resulting in assembly of the pendant group at the Cp ring.[1,2]
Silsesquioxanes (POSS) are regarded as well-defined soluble models of silica surfaces, which
allow the study of heterogeneous catalysts based on metal species supported on silica in
homogeneous phase.[3] Following the above-mentioned procedure, we have recently prepared
a family of titanium complexes containing an innovative cyclopentadienyl-silsesquioxane ligand
(Cp-POSS). Such complexes are the first example of soluble oxidation catalyst based on
titanasilsesquioxane species (Ti-POSS) suitable for efficiently oxidizing sulfides and olefins using
aqueous solutions of hydrogen peroxide as primary oxidant, and under mild conditions.[2]
The

incorporation

of

a

silsesquioxane

fragment

into

chlorosilyl-substituted

monocyclopentadienyltitanium compounds appears to be a versatile and effective approach for
the preparation of a wide variety of titanasilsesquioxane complexes. Thus, different kinds of
derivatives, including cyclopentadienyl-silsesquioxane, doubly connected cyclopentadienylsilsesquioxane, and corner-capped cyclopentadienyl complexes, can be obtained depending on
the reaction conditions and the number of chlorine atoms on the Cp silyl substituent.
Some of these complexes exhibit an excellent behaviour as catalysts in different processes such
as sulfoxidation and epoxidation, as mentioned above, and more recently for the polymerization
of different natural occurring monomers.
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[4] M. Ventura, M.E.G. Mosquera; T. Cuenca, B. Royo, G. Jiménez Inorg. Chem. 2012, 51, 6345.
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TMSNTf2-Catalyzed Stereo- and Regioselective Carbo-Silylation of
Sulfonyl Ynamides
Paz Yepes, Angel L. Suárez-Sobrino and Alfredo Ballesteros
Instituto Universitario de Química Organometálica “Enrique Moles” and Departamento de
Química Orgánica e Inorgánica. Universidad de Oviedo. Oviedo. Spain.
e-mail: pazyeg@gmail.com
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Ynamides, electron rich nitrogen substituted alkynes, have attracted substantial attention
in the past two decades due to their abundant chemical transformations.[1] Typically, their
reactivity starts from the formation of a ketinimonium intermediate I through the carbophilic
activation of a transition metal or Brønsted acid catalyst. On the other hand, the recent outbreak
of silylium ion catalysis[2] has opened the possibility of using these reactive intermediates as
carbophilic species able to activate unsaturated C-C bonds.[3] In order to demonstrate this ability,
we describe the regio- and stereoselective allyl silylation of tosylynamides employing silylium ion
as catalyst.

After preliminary studies employing different silylium ion sources, and the corresponding
reaction optimization, we found that N-methyl p-tolylsulfonyl ynamides 1 can be selectively
allylsilylated by treatment with different allylsilanes 2 in the presence of catalytic silylium ion to
give Z--silyl enamides 3. The reaction proceeds in mild conditions and good yields employing 5
mol% of either trimethylsilyl bistriflimide (TMSNTf2) or bistriflimidic acid (HNTf2) as silylium ion
precursor. The regio- and stereoselective outcome of the reaction was unequivocally determined
by X-ray analysis of some products 3.

In addition to the novel use of silylium ion as carbophilic species for the activation of triple
C-C bonds, this reaction represents a direct metal-free entry to -silylenamides, useful precursors
for the synthesis of functionalized alkenes.[4]
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[3] S. Rej, H. F. T. Klare, M. Oestreich Organic Letters 2022, 10.1021/acs.orglett.2c00011.
[4] a) M. Oestreich, A. Pérez-Luna et al Angew. Chem. Int. Ed. 2014, 53, 11333-11337. b) M.
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TRANSBORYLATION BETWEEN DIBORON REAGENTS AND
ALKENYLBORANES
Paula Dominguez-Molano,a Jorge J. Carbó,a* Elena Fernándeza*
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Keywords: transborylation ● alkenylboranes● cross-metathesis ● stereoselectivity ● 1,1diborylalkenes
Over the last decades, alkenylboranes have been considered powerful intermediates for the
functionalization of alkenes.[1] In particular, E-alkenylboranes have become essential building
blocks for the elaboration of functionalized alkenyl groups with retention of the stereoselectivity.
Transborylation reactions performed so far, have in common that the R group are transferred
from very reactive boryl motifs to pinacolborane via C–BR2 / H–Bpin cross-metathesis.[2-4]
Herein, we describe the exchange of boryl moieties between alkenylboranes and diboron
reagents as a stereospecific cross-metathesis pathway with concomitant formation of mixed
diboron reagents via C(sp2)–Bpin / B’–B’ exchange. The stereo control of the sequence is
guaranteed throughout the robustness of the new type of transborylation methodology.
Additionally, the synthesis and characterization of different types of transborylated products
have been accomplished for alkenylboranes with Z- and E- configuration containing chiral boryl
units (Figure 1).

Figure 1.
[1] Carreras, J.; Caballero, A.; Pérez, P. J. Chem. Asian J. 2019, 14, 329–343.
[2] Légaré, M. A.; Courtemanche, M. A.; Rochette, É.; Fontaine, F. G. Science 2015, 349, 513–
515.
[3] Yin, Q.; Kemper, S.; Klare, H. F. T.; Oestreich, M. Chem. Eur. J. 2016, 22, 13840–13844.
[4] Docherty, J. H.; Nicholson, K.; Dominey, A. P.; Thomas, S. P. ACS Catal. 2020, 10, 4686–
4691.
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Trifluoromethyl arylation of alkenes using anilines in
hexafluoroisopropanol (HFIP)
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Aniline-containing bioactive molecules represent an important and heterogeneous toolbox to
target a diverse array of medical issues. However, the selective functionalization of anilines
represents a challenge in terms of chemo- and regioselectivity. Additionally, much attention has
been given to the incorporation of fluorinated motifs into bioactive molecules, as they modify
their physicochemical properties. In this sense, synthetic methodologies that could introduce both
motifs are desirable to construct wide libraries with structural diversity and potential
pharmacological applications.
Based on our previous report where we disclosed the hydroarylation of alkenes using anilines,[1]
we envisaged an opportunity to introduce different electrophiles, rather than a hydrogen
atom, that would allow expanding the functional groups that can be incorporated. We were
particularly interested in using hypervalent iodine reagents, that show great versatility and can be
activated by Bronsted and Lewis acids.[2]-[4] Thus, we hypothesized that HFIP could fulfil both:
control of the regioselectivity and activation of hypervalent iodine reagents.
Herein we show a new method that allows for the simultaneous difunctionalization of alkenes,
creating 2 new C-C bonds, via a transition metal-free process, under mild conditions and simple
and inexpensive materials to afford highly valuable products. Anilines 1 react with alkenes 2 and
hypervalent iodine reagent 3, to give trifluoromethyl arylated products 4 with respectable yields,
moderate to excellent diastereoselecontrol, and exquisite selectivity towards the para position of
the aniline. The process tolerates broad substitution in the aniline, both in the Nitrogen and the
aromatic ring, while electron-rich alkenes work particularly well, with both terminal, 1,1- and 1,2disubstituted, as well as trisubstituted alkenes. We have also applied this method using anilinecontaining bioactive molecules, showing the potential of this method in late-stage
functionalization. Moreover, we have conducted a deep mechanistic study, using NMR and
electrochemical methods, that support our initial hypothesis where the action of HFIP is key.
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VINYLSILANES AS USEFUL INTERMEDIATES TO OBTAIN
HETEROCYCLES
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Keywords: heterocycles, vinylsilanes, Prins reaction, dihydropirans, oxepanes
Heterocycles are common motifs present in biologically and pharmacologically active
products. Consequently, the development of new methodologies which can be applied to the
synthesis of natural products containing heterocycles generates a great deal of interest.[1] In this
sense, many research groups have carried out extensive studies on the Prins reaction for the
efficient synthesis of different heterocycles.[2]
Here we present an ongoing study to afford different sized oxacycles, such as
dihydropyrans or oxepanes, by silyl-Prins reactions with vinylsilanes.[3] The influence of different
factors (such as the geometry of the double bond, the substituents next to the hydroxyl group, the
nature of the aldehyde and Lewis acid) in the selectivity of the cyclization has been explored.
Additionally, we also studied the cyclization of vinylsilyl alcohols with different chain lengths in
order to develop new silyl-Prins methodologies which will allow the access to different
heterocycles (Scheme 2).

Scheme 2
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VISIBLE LIGHT ENABLED SYNTHESIS AND FUNCTIONALIZATION OF
HETEROCYLES UNDER FLOW CONDITIONS
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Synthesis and functionalization procedures over biologically relevant heterocycles have always
been of high interest for the scientific community. In this way, photoredox catalysis and light driven
processes have merged as a powerful tool.[1] However, these methods present important
drawbacks to be resolved, being scalability and light attenuation the most relevant factors to face.
In this respect, flow chemistry has gained huge attention over the last years, as it has come with
great benefits to the field.[2] Here, we present the photocatalytic flow synthesis of an important
family of heterocycles (scheme 1a), and the continuous-flow in-situ generation of alkyl zinc
sulfinates and its use for the visible light driven functionalization of heterocycles (scheme 1b).

Scheme 1. a. Photocatalytic synthesis of tetrahydroquinolines. b. Continuous-flow
generation of alkyl zinc sulfinates for the functionalization of heterocycles.
On one hand, we describe the use of visible light and a photoredox catalyst for the cyclization of
iodoaryl vinyl derivatives for the synthesis of tetrahydroquinolines (scheme 1a).[3] These protocol
presents mild reaction conditions, good functional group tolerance and no need for N-protecting
groups. Furthermore, this methodology can be easily applied in continuous flow, making it
scalable and taking advantage of the benefits this technique provides to photoredox catalysis.
On the other, we present a continuous-flow system for the in-situ generation of different alkyl zinc
sulfinates and its further in-line employment in the visible light driven functionalization of relevant
heterocycles. As a result, several cores were functionalized with a variety of alkyl radicals as
benzyl, -CF3 or -CF2H, among others.
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VISIBLE-LIGHT PROMOTED DEAMINATION OF PRIMARY AMINES
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Amines are ubiquitous across natural products, pharmaceuticals, polymers and
biomolecules. The number of commercially available amines, from simple to complex, makes
them one of the most accessible native functional groups. Therefore, they represent an attractive
feedstock for the preparation of functionalized molecules through C-N bond activation.
Recently, the formation of pyridinium salts has appeared as a new tool to promote
homolytic C-N bond cleavage in primary alkyl amines (RNH2).1 These salts, prepared in one step
from primary amines, undergo a single-electron transfer reduction from an excited-state
photocatalyst or a transition-metal to generate a carbon-centered radical that can then engage in
different carbon-carbon bond forming reactions. Despite the progress in the field, the formal
deamination reaction to replace the amino group by a hydrogen atom has not been described
using pyridinium salts.
Inspired by the early work reported by Barton,2 we have developed a mild, simple, and
general deamination protocol for primary amines, via isonitrile formation. The reaction is promoted
by visible-light irradiation in the presence of a silane derivative and, in most cases, does not
require the use of a photocatalyst. The method avoids the use of Bu3SnH and radical initiators
and shows broad functional group compatibility.

NH2

H

activation

N C
Si
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Boronic esters are highly versatile intermediates, employed in modern organic synthesis,
material science, and drug discovery. In particular, boron-containing thiophenes are present in
materials with electronic applications or in agents with antimicrobial activity.[1]
Diverse methodologies have been developed in the past to obtain borylated thiophenes.[2]
However, they present some disadvantages, such as the use of complex reaction conditions, high
temperatures, metal catalysts, non-easily available starting materials, or prolonged reaction
times. In this work, we present a straightforward and green methodology to obtain these
heteroarenes that reduces costs, undesired residues and employs mild conditions, based on the
use of visible light as source of energy.
Thus, optimal conditions have been obtained by irradiation of a mixture of 2-acetyl-5chlorothiophene with bis(pinacolato)diboron (B2pin2) in the presence of diisopropylethylamine,
(DIPEA) in acetonitrile/water using cold-white LEDs under inert atmosphere, leading to the
corresponding borylated thiophene with 100% conversion and 84% yield (Figure 1).
Spectroscopic and 1H and 13C-NMR experiments have suggested that the reaction proceeds
through formation of a complex in the ground state with remarkable absorbance in the visible
region, which allows the initiation of the reaction. The reaction has been successfully extended
for coupling other 5-carbonyl-2chlorotiophenes with diverse boronic esters.[3]
For the same purpose, good to excellent yields have been obtained in aerobic medium
using physical gels as conﬁned reaction media. In this case, the procedure has been expanded
not only to thiophenes, but also to furan, pyrrole, and selenophene derivatives.[4]

Figure 1
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Dihydrophenalenes are common scaffolds found in natural products, bioactive compounds
and functional materials. The accessibility to these annulated naphthalenes currently often relies
on harsh methods like the FRIEDEL-CRAFTS acylation,[2] which represents a limitation on the
functional group tolerance. The reductive cyclopropyl ring opening is a strategy usually applied in
photoredox catalysis to obtain acyl cyclopentanes via a [3+2] cycloaddition.[1] In our work we used
this ring opening approach to transform cyclopropyl carboxylic esters 1 into valuable
dihydrophenalene structures 2 (Scheme 1).

Scheme 1: Photoannulation of α-naphthyl cyclopropane carboxylic esters 1 to functionalized
dihydrophenalenes 2 and selected examples of the substrate scope including tetracycles 2e
and 2f.
Our newly developed photocatalytic method enables a highly applicable access to
dihydrophenalenes 2. Selected examples of the substrate scope are shown in Scheme 1,
displaying several substituted naphthyl and azanaphthyl derivatives obtained by the
photoannulation reaction in yields up to 99%.
Additionally, we investigated the reaction mechanism. Stern-Volmer quenching
experiments suggest a reduction of ester 1 by the excited photocatalyst. After radical attack on to
the naphthyl moiety, rearomatization occurs through hydrogen atom transfer (HAT) by the
oxidized amine. The HAT process was further elucidated by deuterium-labeling experiments and
it takes place when employing BnNMe2 or DABCO.
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By definition, the Michael reaction involves the addition of a carbanion to electrondeficient olefins. A variety of different alkenones have been found useful as substrates for this
conjugate addition reaction. However, the catalytic asymmetric Michael addition to electrondeficient triple bonds has not been explored as much, despite its great synthetic potential. The
main interest of these reactions resides in the newly generated C=C bond, which is an ideal
anchor functionality for subsequent transformations. Most of the examples in the literature are
based on the use of metal catalysis or organic superbases.1
Based on the success obtained by our group in the addition of α-enolizable lactam or
(thio)lactone-based heterocyclic pronucleophiles 1 to α'-oxy enones 2,2 in this comunication, we
propose the synthesis for the first time of α'-oxy inones 3 and their use as Michael acceptors with
type I heterocycles and easily accessible chiral Brønsted base catalyst.

In this context, from the different type of pronucleophiles 1 tested, only C-2 addition
product with 1a has been observed. While, using the bifunctional catalyst I, the reaction with 3a
yield the corresponding adduct 4a with a E/Z ratio of 1:1, the reaction with 3b gave the addition
product with only the Z isomer and with a promising 70% ee. In this communication, the scope
and limitations of this reaction will be presented.
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Hydrogen is a promising candidate to replace fossil fuels for energy purposes. The success
relies on the development of efficient procedures to produce and store hydrogen. The production
of hydrogen using renewable resources is a mature technology.[1, 2] However, hydrogen storage
is the main limitation to overcome in the next years for an efficient energy transition.[3] For these
reasons, hydrogen store in the form of chemical bonds is a promising alternative. These types of
systems are known as Liquid Organic Hydrogen Carrier (LOHCs). Although, exists a huge variety
of these systems, N-heterocycles has attracted considerable attention due to the low
dehydrogenation enthalpy.[4]

The success of this technology depends on the development of efficient catalysts in terms
of activity, stability and availability. There are many examples of homo and heterogeneous
catalysts based on precious and no-precious metals. However, to the best of our
knowledgeacceptorless dehydrogenation of N-Heterocycles using organocatalysts or metal-free
conditions has not been investigated. The aim of this work is to show our lasts developments in
catalysis under metal free conditions. [5]
The authors thank the financial support from MICIU/AEI/FEDER/FSE (RTI2018-098237-BC22), Generalitat Valenciana (PROMETEU/2020/028 and ACIF/2019/100) and Universitat
Jaume I (P1.1B2015-09).
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The separation of propane and propylene represents a key step of polypropylene synthesis.
While this separation is currently performed via distillation, adsorption appears as a more
sustainable alternative.[1] Adsorption requires the use of adsorbents exhibiting fast kinetics,
optimised uptake, and selectivity for the process conditions. Yet, individual adsorbents for
propylene/propane separation often exhibit trade-offs of uptake versus selectivity and kinetics
versus selectivity.[1] In this context, composite adsorbents may provide an answer to the
challenge. To test this hypothesis, the properties of composites must be investigated, to identify
whether they exhibit synergistic, additive, or antagonist properties with respect to their individual
components.
Herein, we report a series of silver-exchanged hypercrosslinked polymer (HCP)/activated
carbon (AC) composites for propylene/propane separation.[2] The adsorbents combine the high
capacity and fast kinetics of AC and the high selectivity of silver-exchanged HCP. We synthesised
and characterised the composites using analytical, spectroscopic and microscopy techniques.
We then tested the materials using equilibrium and dynamic gas sorption measurements. The
results showed that, at low pressure, the composites surpassed the trade-off between capacity
and selectivity compared to the physical mixture of AC and HCP, demonstrating a synergistic
effect. At higher pressure, this effect was diminished and we only observed an additive behaviour.
In any case, the composites retained the fast gas diffusion properties of AC, thereby overcoming
the trade-off between kinetics and selectivity. Overall, this study highlights the potential of
HCP/AC composites to overcome trade-offs in uptake, selectivity, and kinetic for
propylene/propane separation. Based on these findings, the composites appear as promising
candidates for the industrial application of propylene/propane separation.

Figure 1 (a) Overview of the synthetic approach to produce Ag@HCP/AC composites. (b) Layout
of propylene capacity, propylene kinetics and propylene/propane IAST selectivity of the
Ag@HCP/AC composites compared with their components (AC and Ag@HCP).
References
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Rechargeable energy storage systems have attracted attention for many applications.
Lithium ion (Li-ion) is the most commercial despite the numerous safety drawbacks of its
components as well as the conflict of the raw materials. On the other side, systems based on
abundant metals such as Na, Al, Mg, K or Zn have been developed. Among them, Al ion batteries
(AIB) offer promising and reversible electrochemistry (2980 mA h g-1 and 8050 mA h cm-3), even
outperforming Li-ion (3862 mA h g-1 and 4030 mA h cm-3). In this work, various cathode
alternatives for non-aqueous AIB have been developed. The cells to be studied are composed of
metallic Al (anode), manganese dioxide (cathode) and an ionic liquid (electrolyte).
Furthermore, manganese dioxides with lamellar (δ-MnO2 or birnessite) and tubular (αMnO2, hollandite or cryptomelane) structures have been synthesized by sol-gel, hydrothermal
and thermal decomposition. These were structurally characterized by XRD, XPS, TG, HRTEM
and SEM. Finally, their electrochemical behavior, when faced against Al was studied, using 1ethyl-3-methylimidazolium chloride (EMIC) with AlCl3 (1:1, w/w) as electrolyte. In both cases,
reversible and stable mechanisms were observed in charge and discharge.
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Nowadays, one of the most important challenges that our society has to deal with it is provide
enough energy in the next years, always taking in mind the responsibility with the environment.
In the previous years, non-renewable resources provided 80% of total energy produced. The
continuous use of this type of resources leads the increase of greenhouse effect and global
warming. On the other hand, it is estimated that fossil fuels resources will be depleted by 2100,
hence the urgency to develop eco-friendly and renewable energy resources.
One type of renewable energy that is recently taking a great importance is hydrogen. Hydrogen
is considered one of the best energetic vectors. It is characterized to have a higher energetic
density and to be respectful with the environment because its combustion with oxygen only
produces water as product.[1]
A new approach to produce hydrogen is based on photocatalytic reactions, using sun light as a
light source. In this field, cobalt complexes (cobaloximes)[2] are gaining importance in the
photocatalytic hydrogen production due to their low cost and high activity. One of the most active
cobaloximes is the cloropyridylcobaloxime, with an axial pyridine ligand. The cobaloxime
complexes show a great stability due to glyoxime ligands that they are similar to corrin ring in the
structure of Vitamin B12 (cobalamin).
Periodic mesoporous organosilicas are hybrid organic-inorganic materials synthesized by the
simultaneous use of a soft template and a hydrolysable bis-silane, condensing around the
template. The bis-silane precursor has an organic functional linker between the silicon atoms. [3]
Since their discovery in 1999 these materials have been employed in a wide variety of
applications, including photocatalysis.
In this work,
periodic mesoporous organosilicas have been synthesized with 1,2bis(triethoxysilyl)ethane and 2-(4-pyridilethyl)triethoxysilane as silane precursors under basic
conditions. The cobaloxime complex has been anchored on the pendant pyridine groups of the
PMO structure. The resulting catalysts were named as Co@70et-30pyPMO and Co@70et30pyOS depending on the reaction medium. The catalysts have been tested in the photocatalytic
hydrogen production under visible light with eosin Y as photosensitizer and TEOA as electron
donor.
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The development of clean, sustainable, low-cost and renewable electrochemical energy
conversion and storage technologies is considered crucial to combat the imminent depletion of
fossil fuels, the exponential increase in carbon dioxide emissions and global warming.[1] In this
sense, the scientific community has led great efforts in the design of efficient bifunctional
electrocatalysts with high activity and stability in reduction (ORR) and evolution (OER) oxygen
reactions to ensure the evolution of renewable energy conversion and storage devices such as
metal-air batteries, water-splitting and regenerative fuel cells.[2] To date, catalysts based on Pt/Pd
and Ru/Ir have been considered as the commercial reference catalysts for ORR and OER
processes, respectively.[3] The limited availability, low stability and high economic cost restrict the
application of these materials on a large scale. Therefore, the preparation of new noble-metalfree oxygen electrocatalysts is bringing out new opportunities, specifically, M-N-C materials with
various metal centers (M = Fe, Co, Mn, Ni, etc.; N = nitrogen; and C = carbon). Among them,
single-atom Fe-N-C catalysts with coordinated FeN4 actives sites are the most promising
candidates to exhibit high-performance for either the ORR or OER reactions.
In this work, a new mechanochemical synthesis route based on the use of multilayer
graphenes functionalized with dipyridylpyridazine (dppz) units by a Diels-Alder reaction for the
coordination of FeN4 active sites located specifically at the edges of the sheets has been carried
out. Once characterized in detail by different instrumental techniques, the electrocatalytic
performance of the resulting materials was evaluated in ORR and OER processes. Concretely,
MLG-dppz@Fe(240N2), with a higher N-graphitic content and dispersed FeN4-type active centers,
provided excellent bifunctional electrocatalytic behaviour (Figure 1).

Figure 1. Schematic representation of bifunctional electrocatalysis by MLG-dppz@Fe(240N2)
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Hydrogen is considered an environmentally friendly energetic vector and a promising
alternative energy to reduce the environmental impact of our current energy model. The
conversion of solar energy into hydrogen from water by artificial photosynthesis has been
considered an ideal way to prepare green hydrogen. During photocatalytic hydrogen production
processes, solar energy is absorbed by the chromophore (photosensitizer) component, triggering
a cascade of electron transfer reactions, where the final step is the reduction of protons to
hydrogen molecules by a suitable catalyst[1]. The use of metal complexes as photosensitizers
gives higher stability to the photocatalytic system compared to the use of organic molecules
(Eosyn Y or fluorescein)[2], making the heterogenization of these complexes a promising field of
study in the area of light-driven hydrogen production.
In this work, an ordered mesoporous material has been obtained using BTEE (1,2bis(triethoxysilyl)ethane) and a synthetic organotriethoxysilane (Ndppz) with a dipyridylpyridazine
type heterocyclic structure, in a basic solution of OTAB (octadecyltrimethylammonium bromide)
as structure-directing agent[3]. A cyclometalated Ir(III) complex of the [Ir(C^N)2(N^N)]+ type has
been coordinated on this material by reflux in CH2Cl2 with dichlorotetrakis(2-(2pyridinyl)phenyl)diiridium(III)[4]. Finally, platinum has been supported on the surface of the pores
by dispersing the material in an aqueous solution of K2PtCl6[5], obtaining a photocatalyst
(Pt/Ir@NdppzPMO) which integrates both the photosensitizing unit and the catalytic center for the
photocatalytic decomposition of water. Photocatalytic hydrogen production has been carried out
by irradiating a vial with 10 mL of aqueous solution at pH=5.0 containing Pt/Ir@NdppzPMO, EDTA
(ethylenediaminetetraacetic acid) and MV (methyl viologen) with visible light (450 nm) for 24 h.
The synthesized solids have been characterized by X-ray diffraction, Raman
spectroscopy, 13C CP/MAS NMR, elemental analysis, N2 adsorption-desorption isotherms, UVvis spectroscopy, XPS, ICP-MS and TEM.
In summary, an ordered mesoporous organic-inorganic photocatalyst has been
synthesized integrating an iridium metal center, [Ir(ppy)2(bpy)]+, and platinum catalytic center
supported on the surface of the pores. The designed system has shown to be efficient for
photocatalytic hydrogen production, yielding 38.7 μmol of H2 after 24 h of reaction, which
corresponds to a TON with respect to the photosensitizer complex of 346.
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Climate change, current energy models, fossil fuel shortages and overpopulation are
driving society to seek renewable and sustainable energy sources. As a result, in recent decades
there has been a huge push towards alternative modes of wind, hydro, solar and other energy
production. Still, many of these energy sources are periodic and random, so the demand for more
efficient energy storage systems has risen dramatically.1 Among the wide range of systems
covered by that topic, low cost and high power is the topic in which MnO2 can be a competitive
candidate.2
In this research, a hybrid aqueous supercapacitor system is reported, using manganese
dioxide as positive electrode (pseudocapacitive compound) and commercial activated carbon as
negative electrode (capacitive material). Two manganese dioxide samples of different structure
(α-MnO2 and δ-MnO2) have been prepared and the physicochemical and electrochemical
characterization has been carried out in three different aqueous electrolytes: 1 M KOH, 0.5 M
Na2SO4 + 0.2 mM MnSO4 and 0.5 M Na2SO4. Then, a final hybrid system has been built with the
best performing samples, applying the most appropriate AC:MnO2 mass balance and comparing
both 1 M KOH and 0.5 M Na2SO4 + 0.2 mM MnSO4 electrolytes. The system working in the latter
electrolyte gave the best results, with an energy density of 15.6 Wh kg-1 at a power density of 1
kW kg-1. The present work shows the excellent performance of nanostructured δ MnO2 electrodes
in both basic and neutral aqueous electrolyte solutions. This electrode-electrolyte combination
was found to be a promising approach towards more sustainable and environmentally friendlier
energy storage systems.

Fig. 1: A ragone plot that summarizes the results obtained in the final systems, in the two
chosen electrolytes
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Electrochemical energy storage devices are considered as promising systems to address
the current environmental issues related to fossil fuels and CO2 emission and to meet the
increasing demands from emerging markets such as future electronics and electric vehicles.
Among the different energy storage systems,
supercapacitors
(SCs)
have
shown
significant interest due to their extraordinary
features, such as fast charge-discharge, high
power density and respect for the
environment. However, in spite of having
higher stability and longer life than batteries,
SCs exhibit lower energy density as storage
only occurs on the surface of the active
material, which limits their practical
application. Given that the electrochemical
performance of SCs strongly depends on the
specific surface area and pore size of the
electrode material, the search of materials
with high capacitance, fast charge storage
kinetics and electrochemical stability is
needed to overcome the limited energy
density offered by current devices [1].
An emerging group of Covalent Organic
Frameworks (COF) known as Covalent
Triazine Frameworks (CTF) shows a great
potential for their use in energy storage and
conversion devices, mainly due to their high
thermal and chemical stability, high intrinsic
nitrogen content, delocalized electronic
structure, large surface and permanent
microporosity
[2].
In
addition,
its
carbonization allows to obtain highly
conductive carbon-based materials doped
Figure 1. Integration of Py-CTF900 in a
with nitrogen or other elements, which could
supercapacitor.
retain the area, the pore size, as well as the
amount and types of heteroatoms of the
precursor.
In this communication, we present the synthesis, structure elucidation and electrochemical
study of a new CTF called Py-CTF (Figure 1) and its derivative carbon (Py-CTF900), where the
porous structure of Py-CTF is retained, being responsible for the excellent electrochemical
properties exhibited by the carbon derived-CTF.
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Sodium-oxygen batteries (SOBs) have the potential to provide energy densities higher than
the state-of-the-art Li-ion batteries[1]. However, controlling the formation of sodium superoxide
(NaO2) as the sole discharge product on the cathode side is crucial to achieve durable and
efficient SOBs. In this work, three carbon-based cathodes (commercial gas diffusion layer and
two-graphene based aerogels) have been discharged to different depths in a glyme-based
electrolyte to study their discharge efficiency and the effect on the different reactions occurring in
the cell [2]. The discharge products formed at the surface of these cathodes were carefully studied
using a range of characterization techniques. Regardless of the specific cathode material, NaO2
was identified as the main discharge product while small amounts of Na2O2⋅2H2O and carbonatelike side-products were detected by X-ray diffraction, as well as by Raman and infrared
spectroscopies. However, a qualitative study of the discharge products is not enough to maximize
the performance of SOBs, where a quantitative analysis will be required to drive the battery
chemistry towards the discharge products of interest (i.e., NaO2).
This work reports, for the first time, an ex-situ analysis method determining the amount of
NaO2 in SOBs by combining transmission X-ray diffraction and quantitative Rietveld analysis. This
method demonstrates to be a more convenient and trustworthy tool to evaluate the extent of the
side reactions affecting the cell efficiency compared to conventional qualitative analysis found in
literature. The developed quantification method was tested by comparing the efficiency of
graphene-based aerogels with that of a commercial, carbon-based gas diffusion layer, which is
widely employed as an air-electrode in metal-air batteries. Even though the commercial cathode
displayed much larger discharge capacity, the efficiency of NaO2 formation was lower than that
in graphene-based aerogels, especially for discharge capacities below ∼2 mAh cm−2. This result
can be attributed to a faster saturation of the relatively compact surface in commercial gas
diffusion layer, in contrast to the open surface area provided by the graphene-based aerogels.
This information is of outmost importance to extend the cycling capacities in SOBs, which is
generally limited to < 1 mAh cm−2 in order to avoid the premature death of the cell caused by
irreversible deposition of parasitic products. The quantification of NaO2 provided by the method
here presented can be extensively used as a first approach to select high performing cathode
materials as well as driving the SOB chemistry towards the formation of reversible reactions, thus
enabling the future commercialization of such promising high-capacity batteries.
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It is anticipated that the lithium-ion batteries (LIBs) which are widely used in electronic
components could be improved in terms of performance for practical use in hybrid/ plug-in electric
vehicles [1]. Nevertheless, the present commercialized cathode material, LiCoO2, is limited by its
50% reversible theoretical capacity, structural instability, and the high cost and toxicity of cobalt.
In order to achieve high energy and power densities, new cathode materials with high capacity or
higher operating voltage needs to be developed. In this regards, high voltage (> 4.6 V) spinel
materials are promising due to their high energy density and power density, as compared to
layered Li-Ni-Co-Mn-O (NMC) and olivine LiFePO4. However, materials are still facing challenges,
such as poor rate performance with low initial coulombic efficiency, caused by irreversible side
reactions with electrolytes at higher voltage, which further results in deteriorating working voltage
in the long run. These shortcomings are mitigated by anion doping of high voltage cathode
materials which directly modifies the anionic processes, which is very important for the high
voltage cathode materials ever since the significance of the (O2)n- anionic redox process was
reported by Tarascon’s group [2]. Herein, we developed a fluorine-doped high-voltage Li-excess
spinel cathode for the LIB that was synthesized by versatile solvothermal method and postannealing at high temperatures. These materials were characterized structurally by neutron
powder diffraction techniques (Figure 1), where the chemical composition distribution was
determined using time of flight-secondary ion mass spectroscopy (TOF-SIMS), supported by
investigations of their electrochemical performance. The fluorine doped Li-excess spinel
outperformed the pristine reference sample in terms of initial coulombic efficiency, long, stable
cycling, less voltage decay and excellent rate performance at higher current densities (Figure 2).

Figure 1. Neutron powder diffraction of pristine and oxyfluoride of Li-rich spinel cathodes

Figure 2. Electrochemical performance of pristine and oxyfluoride of Li-rich spinel cathodes
References:
[1] J.B. Goodenough and Y. Kim, Chemistry of Materials, 2010, 22, 587-603.
[2] M Sathiya, Artem M Abakumov, D Foix, G Rousse, K Ramesha, M Saubanère, ML Doublet,
H Vezin, CP Laisa, AS Prakash, D Gonbeau, G VanTendeloo, JM Tarascon, Nature Materials,
2015, 14, 230-238.
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In the present study, we present results of soft magnetic alloys (produced by mechanical alloying)
that are candidates to be used in composite materials (soft-hard) with the aim of increasing the
saturation magnetization of the hard phase (without significantly decreasing its coercivity). Thus,
optimizing the magnetic energy product. In magnetism, the magnetic energy product is a figureof-merit linked to the strength of a permanent magnet material. It is energy by unit volume.
Some Fe based nanocrystalline soft ferromagnetic alloys have good magnetic properties: High
effective permeability (~20,000) and low coercivity (<3 A/m) and core loss (<100 W/kg) at room
temperature[1]. Recent magnetic results on Fe rich powdered alloys were analyzed and compared
with those previously reported in Fe-Co and Fe-Mn based alloys[2].
It is found that the controlled addition of Co, Ni, B, Nb or Zr permits the adjustment of the magnetic
response. Complementary chemical analysis confirms low contamination from the milling tools.
The bcc Fe rich solid solution is always formed (crystalline size 10 – 12 nm). Furthermore, thermal
analysis has been performed. The annealing at low temperatures (600 K) favors the thermal
stability (> 870 K) and the reduction of the coercivity to ~5 Oe: without a significant change in the
magnetization of saturation (~170 emu/g). These alloys will be applied in the development of softhard L10 spring magnets. If the exchange coupling is controlled and optimized, theoretic approach
indicates that the magnetic energy product will increase a factor 1.5.
The authors agree the financial support of the project PID2020-115215RB-C22.
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Gas-diffusion electrode (GDE) is a porous composite electrode that normally is made of Teflon
bonded catalyst particles and carbon black. Many studies demonstrate that a cell consisted of
GDE assembled into a proton exchange membrane (PEM) coated with porous catalyst metal
deposited on carbon support (as carbon nanotubes, CNTs) can facilitate gas phase electrolysis
of CO2.
In this work, a supercritical fluid deposition technology (SFD) has been used for the synthesis of
copper-based nanoparticulated catalysts for the electrocatalytic reduction of CO2. Influence of
nafion solution used to attach both layers of catalyst deposited on carbon paper and its behaviour
during electrocatalytic reduction of CO2 has been analysed.
During high-pressure synthesis of catalysts, copper acetylacetonate and methanol have been
employed as metal precursor and cosolvent, respectively, to obtain Cu/CNTs. The catalysts have
been characterized by ICP-AES (copper concentration, deposition yield), DRX (copper species),
TEM (particle size distribution), voltammetry (electrocatalytic activity) and EIS (charge transfer).
The activity of Cu/CNT catalyst synthesized by SFD has been tested in the presence and absence
of nafion solution during the assembly of the electrodes.
Several assays have been developed in the presence of CO2 and N2, showing that the nafion
solution used during the electrodes assembly gets reduced during the electroreduction process,
giving rise to the formation of different products as carbon monoxide, ethanol, acetone and
isopropanol, among other trace reduction products.
Nevertheless, the electroreduction experiments carried out without nafion solution achieved very
low CO2 reduction efficiencies, which demonstrates the importance of the use of nafion.
Nafion influence has been confirmed, since the composition of reduction products was altered by
the presence of residual solvent in GDEs, and catalytic activity was negatively affected by its
absence. Thus, this research demonstrates that nafion solution employed in assembly process is
very important to catalytic process.
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The global warming associated to the greenhouse gases emissions from the current fossil
fuels-based economy has led to great need on the development of sustainable and renewable
energy sources. The abundance of hydrogen in the universe and its relatively easy H2 gas
production from water by electrolysis makes it an ideal energy carrier. However, the rapid advance
of hydrogen-based technologies requires the development of efficient and low-cost electrocatalyst
materials. Engineered nanoparticles is a promising approach for the development of sustainable
catalysis.[1]
A critical cathodic process involved in fuel cells and metal-air batteries is the oxygen
reduction reaction (ORR).[2] Plasmonic nanoparticles (NPs) are considered excellent ORR
electrocatalysts under alkaline conditions.[3] To date, a high amount of reports focus on studying
the influence of the particle-size, particle-facets, and stabilizing ligands, whilst the effect of the
alkali-metal on the electrolyte/plasmonic NPs for enhancing the ORR performance has rarely
been reported. For this reason, herein citrate-capped Ag and Au NPs were synthesized with a
similar particle-size and shape. After appropriate characterization, a comparative ORR
electrochemical analysis was carried out under static and dynamic conditions, and using different
alkaline electrolytes (LiOH, NaOH and KOH) but keeping the same molar concentration. Our
finding suggests that the electrolyte/metal interface displays a critical role on the resulting
electrocatalytic performance for ORR.

Figure. (A) Normalized UV-visible absorption spectra and (B, C) TEM images of citrate-capped
AgNPs (B) and AuNPs (C).
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The development of new strategies to produce solar fuels remains as an ongoing objective in
the current society since fossil fuel reserves are limited and energy demand is increasing. In
previous studies, conjugated porous polymers (CPPs), have been shown to exhibit improved
optoelectronic properties, higher thermal resistance, etc.[1] Taking advantage of its exceptional
behaviour, these polymers can be used as renewable energy for photo(electro)catalytic
applications in the production of solar fuels (e.g. H2, hydrocarbons, etc.).[1] CPPs formed by
dyes based on pyrrole·BF2 complexes (BODIPYs and BOPHYs) stand out due to their excellent
photophysical properties.[2-5] In this regard, the novelty of this project focuses on the use of new
techniques, which allow delimiting its polymerization through nanostructuration. To give rise
polymeric nanoparticles (NanoCPPs) of CMPBDP[2,5], (from BODIPY moiety) and IEP-7[3,5] (from
BOPHY moiety). The processability of these polymers is improved and they can be deposited as
thin films on photoelectrodes, allowing their promising future applicability in
photoelectrochemical processes, which was practically inaccessible until now. Additionally,
particle size control and mono-dispersion of these NanoCPPs significantly improve their
photocatalytic activity as hybrid materials on photoreduction of water for hydrogen
production.
.
Previo
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s

Scheme 1. Polymerization by means of novel techniques: A) previous work and B) this work.
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Solar energy is the largest source of exploitable renewable energy,[1] therefore the
development of new photocatalysts to carry out the conversion through artificial photosynthesis
is crucial.[2] In this work, the synthesis of new photocatalyst consist in BOPHY-based COF has
been performed using two different strategies based on previous studies. This family of dyes
(BOPHYs) has excellent photophysical properties so the photo(electro)catalyst based on them
can be used for the production of solar fuels.
Using two different synthetic routes (Hydrothermal and interfacial synthesis) we can
improve the processability of the material. In this way from the same starting monomers we will
obtain the BOPHY-COF as a solid powder or as a thin film[3], thus being able to be used as a
photocatalyst or photoelectrocatalyst, respectively. The new material has been characterized by
spectroscopic (FTIR, 13C-NMR), textural (XRD, BET) and morphological (FESEM) techniques.
Currently, photocatalytic measurements of the material are being carried out, and its preliminary
results are very promising.
A)

B)

BOPHY-COF

Figure 1. A) Structure of synthesized BOPHY-COF. B) Artificial Photosynthesis.
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The use of renewable energy sources is becoming crucial aiming to decrease large CO2
emissions. However, due to the intermittency in nature of these sources, the development of
efficient energy storage devices is imperative. In this context, solar flow batteries (SFBs) have
been proposed as an attractive alternative to sunlight harvesting and chemical storage energy
[1]. Recently, some works have been published describing the performance of monolithically
integrated SFBs. They show some advantages with respect to non-integrated ones: I) better
performance of the photoelectrode and, II) cost-effective and compact design. SFBs not only
require efficient solar energy conversion but also high redox kinetics into the electrolyte. LIGHTCAP is a European project (101017821), which is developed at IMDEA Energy, Madrid. The main
objective of the LIGHT-CAP project is to provide new solutions for solar-powered and storage by
exploiting multiple and reversible charge transfer processes in stable nanoscale components.
LIGHT-CAP proposes the use of low-cost materials such as organic nanostructured and
nanocrystals, with a focus on environmentally friendly, Earth-abundant, and non-toxic materials.
The main innovation of LIGHT-CAP resides in the use of 0D nanocrystals together (MOxNCs)
with specifically designed multiple hole collectors, such as graphene quantum dots and others 2D
materials (GQDs). The main challenge of this project is not only to design efficient SFBs, but also
to develop a membrane-free SFB in which the multi-charge transfer process takes place at the
liquid-liquid interface.
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The development of clean and renewable energy has gained much attention in recent years
owing to depletion of conventional fossil fuels such as oil, gas and coal[1]. Hydrogen produced by
water splitting may play a vital role, so innovative hybrid materials are being investigated as
catalysts[2].
Layered double hydroxides (LDHs) are inorganic layered materials, where the positively
charged brucite-like layer can interact with other nanomaterials like graphene quantum dots
(GQD) or graphene oxide (GO) to form nanocomposites which can act as efficient photocatalysts
in energy conversion[3]. Photocatalytic activity of pure LDH-Co/Al is limited by their slow charge
carrier mobility and fast recombination of photogenerated electron-hole pairs. Thus,
nanocomposites based on graphene and layered double hydroxides, in which graphene could
serve as an ideal electron transport bridge to facilitate charge separation in the photocatalytic
reaction, could improve its performance. Graphene-based materials are extensively used for
hydrogen production due to the delocalized conjugated system in graphene can efficiently accept
and transfer electrons to the reaction interface[1]. Nanoscale integration of different components
in a given material can provide unique properties non-existent in the starting materials[3].
In this work, using homogeneous precipitation with urea Co/Al layered double hydroxides
have been synthesized (HTCoAl3) and combined with graphene quantum dots (GQD) and
graphene oxide (GO), thus yielding nanocomposites denominated HTCoAl3GQD and
HTCoAl3GO, respectively. All the synthesized materials have been characterized by different
techniques as Raman spectroscopy, X-ray diffraction and transmission and scanning electron
microscopy. Raman spectra were measured to investigate LDH structure and composite
heterostructure. The formation of the composites was proved by distinctive peaks of the layered
double hydroxide structure and peaks related to the graphitized structure of the materials[1,4]. XRD
analysis was performed to explore the crystal structures of the samples. It showed the
characteristic peaks attributed to diffraction planes of LDHs[1,4]. TEM and SEM images afforded
the microstructure of LDH and composites, showing HTCoAl3 as hexagonal platelets, the
spherical shape of GQD in HTCoAl3GQD and the laminar structure of GO in HTCoAl3GO[4].
Finally, these systems have been proposed for the photocatalytic production of hydrogen
under visible light. Their catalytic performance decreased in the sequence: HTCoAl3GQD >
HTCoAl3GO > HTCoAl3.
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Contaminants of emerging concern, pharmaceuticals, personal care products, pesticides,
hormones, etc., despite being in low concentrations in the aquatic environment they pose a
potential threat to flora and fauna and, consequently, to human health. Conventional wastewater
treatments are not able of completely degrade these contaminants, thus, it is necessary to search
for more efficient and cost-effective treatments, where advanced oxidation processes stand out.
Photocatalytic activation of peroxymonosulfate (PMS) arises as a good alternative, because
active oxidizing species can be generated.
Perovskite oxides, with a chemical formula of ABO3, being A alkali or rare earth metals
and B transition metals, are considered by many authors as efficient compounds for the
heterogeneous activation of PMS, specifically various cobalt perovskite oxides (LaCoO3, GdxLa1xBaCo2O6, SrCo1-xTixO3, etc.) [1,2]. The activation capacities of PMS are related to the electronic
states of the Co ions, considering that Co2+ presents the greatest activity [3]. Furthermore, PMS
activation could be further enhanced by the Co-O-M bond formation that accelerates electron
transfer between the redox pairs. In this work, Mo6+ is also introduced in the B site of LaCoO3 to
modulate the valence state of Co, since the ratios of Mo6+ and Co2+/Co3+ are similar.
The catalyst has been synthetized and characterized by several techniques such as Xray powder diffraction, high-resolution transmission electron microscopy, Brunauer–EmmettTeller surface area, X-ray absorption spectroscopy, X-ray photoelectron spectroscopy and
electrochemical techniques. Paracetamol was used as model compound with an initial
concentration of 10 mg/dm3. Its concentration was determined by high performance liquid
chromatography. The catalyst was deposited by spraying on the walls of a 0.5 dm3 cylindrical
reactor, where an ultraviolet radiation (LED lamp of UV-A or UV-C radiation) was placed
concentrically. The influence of the applied radiation and the presence of PMS on the
photocatalytic degradation of paracetamol was studied.
Successful results, in terms of paracetamol removal and degradation of the main reaction
intermediates, were achieved using PMS activated with UV-C radiation. Moreover, the catalyst
was used for several consecutive cycles.
These results are part of the R&D project RTI2018-099407-B-I00 funded by
MCIN/AEI/10.13039/501100011033 and “ERDF A way of making Europe”.
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High voltage LiNi0.5Mn1.5O4 (LNMO) is a promising cathode material for the Li-ion battery
technology, thanks to its favorable structural and compositional properties. Its stable spinel structure
is cobalt-free and makes use of all structural lithium. Moreover, it allows Li-ion mobility thanks to the
3D-connected channels of the spinel structure and high operating potential associated with the nickel
redox center. These properties result in high energy density (635 Wh/kg) and cost efficiency. [1] LNMO
is one of the best cathode candidates to develop the next European 3b generation of Li-ion battery
cells.[2]

Figure 1. Left: Raman Spectra of LMNO 1, 2 and 3. Right: electrochemical signatures of the 3
types of LNMO.
In our study, we have thoroughly characterized three types of LNMO to analyze their crystal
structure, phase composition, microstructure, morphology as well as stoichiometry using a variety of
characterization techniques (X-ray & neutron diffraction, Electron Microscopy, ICP-OES, Raman and
X-ray absorption spectroscopies). Raman spectroscopy unveils for instance that LNMO type 1 and 2
predominantly presents a disordered spinel structure, while LNMO type 3 is predominantly ordered
(Figure1).[3]
Subsequently the electrochemical performance of these LNMOs was evaluated and compared
in coin cells against a Li anode. All types of LNMO materials shows good cycling performance with
reversible capacity up to 130mAh/g but reveal distinct characteristics. Combining these findings with
the physicochemical properties allowed us to reveal the influence of certain physicochemical properties
on key electrochemical properties. For example, the relation between transition metal ordering and the
electrochemical cycling curve (see figure 1) or the particle morphology and rate capability.
Our study provides valuable insights on the relation between physicochemical properties of the
LNMO phase and its electrochemical performance which can be used as a guidance for further
materials development and tailoring.
References
[1] A. Manthiram, K. Chemelewski, and E-S. Lee, “A Perspective on the High-Voltage LiMn1.5Ni0.5O4
Spinel Cathode for Lithium-ion Batteries,” Energy Environ. Sci., 2014, 7(4): 1339,
doi:10.1039/c3ee42981d.
[2] M. De Gennaro, B. Ganev, M. Jahn, M. Reynaud et al., “3beLiEVe: Towards Delivering the
NextGeneration of LMNO Li-IonBattery Cells and Packs Fit for Electric Vehicle Applications of 2025
and Beyond,” SAE Technical Paper 2021-01-0768, 2021,doi:10.4271/2021-01-0768.
[3] B. Aktekin et al., “Cation Ordering and Oxygen Release in LiNi0.5-xMn1.5+xO4-y (LNMO): In Situ
Neutron Diffraction and Performance in Li Ion Full Cells,” ACS Appl. Energy Mater., 2019, 2(5):33233335, doi:10.1021/ acsaem.8b02217.
Acknowledgements: The authors are grateful to the European Commission for the support to the
present work, performed within the EU H2020 project 3beLiEVe (Grant Agreement 875033).
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Nowadays, water splitting devices are on the point of view of the society to solve the carbon fuel
problem. These systems provide a promising clean fuel production (H2) which could lead us to a
more sustainable future.[1] However, the large-scale production of H2 is still stuck due to the high
cost and non-abundant electrocatalyst for both H2 evolution reaction (HER) and the O2 evolution
reaction (OER) (Figure 1).
Polyoxometalates are a family of transition metal clusters which possess structural diversity and
the ability to store electrons without structural changes and stability.[2] These properties make
them very interesting candidates for water splitting devices. Although there are many catalysts for
OER and HER based on polyoxometalates in literature, there are no examples, so far, of
polyoxometalate capable of carrying out both reactions.
For that reason, finding “green” compounds capable of performing both reactions (OER and HER)
efficiently are generating a lot of interest in the field. This capability of make both processes could
reduce considerably the difficulty of being able to bring these systems to daily use.
Here, we explore the use of polyoxometalates as emerging water-splitting electrocatalyst.

Figure 1: Scheme of water-splitting cell showing both reactions (HER (blue) and OER (red))
involved.
References
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The hydrothermal autoclave method is the most common process to synthesize ordered
mesoporous silica, however, this method requires long times and high temperatures. Microwave
irradiation presents itself as an easy synthesis strategy with less time and energy requirement.
Ordered mesoporous silicas with hexagonal structure (MCM-41 and SBA-15) were used in this
work. The silica synthesis period was extremely reduced (1 h) at a temperature of 60 °C in the
microwave reactor. The silicas were characterized by textural analysis (BET), XRD, XPS and
TEM. Through the XRD and TEM results, mesostructured materials with long-range and
hexagonal two-dimensional ordered channels, characteristic of ordered mesoporous silicas, were
observed. The silicas had a surface area between 788 and 999 m2 g-1 and were evaluated for
CO2 adsorptive capacity. The CO2 adsorption isotherms were performed at temperatures of 0,
25, 40 ºC. The adsorption isotherms show that the CO2 adsorption capacity of silicas decreases
with increasing temperature and the most promising adsorbent in terms of adsorption capacity is
SBA-15, reaching a CO2 adsorption capacity of 2.16 mmol g−1 at 1 bar and 0 ºC. The application
of MCM-41 and SBA-15 as supports in CO2 adsorption and the good fit of experimental data to
the Langmuir adsorption model reveals that the prepared ordered silicas present promising
results for adsorption processes. It is worth mentioning that the results obtained are similar to the
results obtained in modified/impregnated silicas with amines[1,2,3], showing that microwave
irradiation reduced the synthesis steps and improved the properties and adsorption capacity of
the silicas. Thus, this work opens new opportunities in the efficient preparation of materials that
require optimizing the adsorbent synthesis process.
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One of the major problems that our society is currently facing is the increasing global
demand for energy. Today, energy production is largely based on fossil resources, which emit a
large amount of pollutants. To reduce this effect, alternative energies such as solar or wind energy
have emerged, which have an intermittent nature. Due to this, the development of energy storage
systems is vital, among which hydrogen stands out as an energy vector. The surplus energy
produced in renewable power plants can be stored by means of hydrogen in systems based on
liquid hydrogen carriers (LOHC). [1]
The present work describes a new potential LOHC system based on the (de)hydrogenation
of cyclohexanol / cyclohexanone/ phenol using commercial catalysts based on transition metals
such as Pd or Ru using mild conditions. [2] The heterogenous form of the catalysts allows to reuse
them up to 10 times without loss of activity. [3]

Scheme 1. Hydrogen storage in LOHCs based on cyclohexanol/ cyclohexanone/ phenol.

The authors thank the financial support from MICIU/AEI/FEDER/FSE (RTI2018-098237-B-C22),
Generalitat Valenciana (PROMETEU/2020/028) and Universitat Jaume I (P1.1B2015-09). L.I-I
thanks MIU (FPU20/04385) for a grant.
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Since the beginning of civilization, humanity has built houses to sustain comfortable living conditions
throughout the seasons. In our modern society, about 50% of the total energy consumption is used for
heating and cooling. Growing demands for thermal management in many different sectors, from electronics
to housing, inevitably mean increased energy consumption. The primary source of heat is coming from the
combustion of fossil, bio or waste-based feedstocks, all contributing to carbon emissions.
In this lecture I will present how we are working on developing materials that capture, store, and release
both solar and ambient heat without creating any emissions.
These solar thermal management materials are a unique combination of molecular photo-switches that
capture and store solar energy, so-called MOST systems, that together with phase change materials (PCM)
can contribute to thermal management. The two classes of materials operate at fundamentally different
principles. The input of MOST system is photons, and the output is heat whereas PCM can absorb heat from
the environment. By combining the two materials into one, we can harness and upgrade two of the most
abundant renewable sources of energy on the planet: ambient heat and sunlight.
The talk will begin with introducing molecular synthesis and design principles, and then transition into
materials function demonstrated in lab scale energy capture heat release as well heat to power devices.

Figure 1. (Left)) Molecular structure of on NBD/QC photoswitch system. (Centre) Stability test performed
at 60C through 127 energy storage cycles (right) Illustration of MOST power generation concept.
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Ionic liquids (IL) are chemical compounds that present some interesting features when used in
electrochemistry, such as a wide potential stability window, good electric conductivity without
adding electrolyte, and good synergy with most important electrochemical reactions[1]. These
features have raised the interest in the application of ionic liquids in electrocatalysis, especially
with the most electrocatalytic electrodes, such as Au, Pt, or Pd. Most electrocatalytic reactions
are surface structure sensitive reactions[2], that is, the reactivity depends on the surface structure
of the electrode. The use of single-crystal electrodes, which have a well-defined and ordered
surface structure, is a straightforward option to study this dependence and allow the identification
and characterization of active sites, and to define the best structure for a specific reaction. On the
other hand, one of the main disadvantages of ILs is their high viscosity, which hinders the diffusion
of reactants to the surface. ILs based in imidazole cation and/or bis(trifluoromethyl sulfonyl)imide
anion are good candidates to be used in electrocatalysis due to their low viscosity[3]. Additionally,
it has been shown that the presence of small amounts of IL catalyzes some electrochemical
reactions[4].
It is important to highlight that the reactivity is affected by the interfacial properties. Thus, a
detailed description of the reaction mechanism requires precise characterization of the IL
│electrode interface. However, the IL | electrode interfaces are more complex than the electrode
| aqueous solution interface due to the electrostatic interactions present in the IL, and therefore
typical double-layer models for water cannot be applied[5]. Additionally, the ions in the ionic liquid
can have specific interactions with the surface, which makes the study of the IL | electrode
interface much more complex. A simpler approach to this complex problem is the study of diluted
IL in aqueous media to better understand IL │ electrode interactions to later extrapolate the results
to systems with pure IL using well-known models. The aim of the work is to study the interactions
of IL-based on imidazole cation and/or bis(trifluoromethyl sulfonyl)imide on Pt single crystal
electrodes in aqueous solution using electrochemical and spectroelectrochemical techniques so
that the obtained results can be applied to the understanding of the IL │electrode interface.
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The current increase in world population and energy consumption makes energy storage
not only a viable but necessary implementation for the renewable energy grid. In this field,
supercapacitors (SCs) stand out due to their high power density, cyclability and longevity
compared to other energy storage devices. However, electrode production sometimes involves
the use of toxic chemicals, making SCs a less environmentally friendly option. In this work we
present on the synthesis of mesoporous, carbonaceous materials (Starbon®), directly produced
from renewable sources and their electrochemical (EC) performance as electrodes in a SC.

Figure 1: Starbon fabrication process
Starch (20% w/w) / graphite oxide (GO) aqueous solutions were heated in a microwave
oven, sonicated, and then retrograded before being pyrolysed at 800ºC under vacuum. The
prepared samples were initially characterized using TGA, elemental analysis, SEM, conductivity,
porosimetry and Raman spectroscopy.
Afterwards, a two-electrode EC cell was assembled using a 2M H2SO4 electrolyte and
subjected to cyclic voltammetry (CV) (Figure 2), galvanostatic charge/discharge cycles and
impedance spectroscopy. Results showed that the 0.5% wt.% GO sample displayed the best
combination between surface area and pore volume (see Figure 3) that, combined with improved
conductivity, led to capacitance values near 200 F/g. The sample also has a power density > 6000
W/kg, verifying it to be a sustainable alternative for EC energy storage field.

Figure 2: CV results at 2 mV/s

Figure 3: Porosimetry analysis
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Water splitting for molecular hydrogen production by photocatalytic processes is an ideal
methodology to supply renewable energy and to reduce the effects of global warming. One of the
main challenges is to develop new materials capable of producing H2 efficiently and selectively
from water and sunlight. Whereas the photocatalysts based on noble metals are economic and
environmental discouraged, it is important to find alternatives based on low-toxic and abundant
metals in the Earth’s crust. [1] Indeed, nanomaterials based on octahedral molybdenum halide
clusters have been shown to be efficient photocatalysts towards H2 generation from water. [2] In
our research, structurally similar tantalum cluster-based materials are proposed as good
candidates for this purpose due to their intrinsic redox and optical properties. Octahedral tantalum
clusters are encountered in Ta6X12L6 (X = halogen, L= ligand) cluster units represented figure 1.

Figure 1. Structure of the Ta6Xi12La6 cluster unit, in which the black, yellow, and red spheres
represent Ta atoms, edge-bridging Br anions and terminal-ligands L, respectively.
In the present communication, the synthesis of [Ta6Bri12(H2O)a6]2+ cluster core complex
and its derived graphene supported nanomaterials is presented, as well their characterization by
morphological, X-Ray, optical, redox and spectroscopic techniques. The catalytic efficiencies and
recyclability of the cluster-based nanomaterials are evaluated in the photoassisted hydrogen
evolution reaction from water.
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Chitosan (CS) comes from partial deacetylation of chitin, which is a linear biopolymer
containing N-acetyl-D-glucosamine units linked through β-1,4 glycosidic bonds, found in the
exoskeletons of many crustaceans, insects, fungi or algae. Due to this deacetylation and their
solubility in acid conditions, CS presents protonated amino groups and then, inherent
antimicrobial activity. In this work, a series of chemical modifications of chitosan are produced
with the aim of producing derivatives with improved properties to broaden their applications. It is
proposed an approach to chemically modify chitosan by incorporation of thiazolium groups
derived from vitamin B1 as potent antibacterial functionalities.[1,2] All the synthesized products
were characterized by nuclear magnetic resonance (NMR) and Fourier transform infrared
spectroscopy (FTIR). Moreover, the thermal behavior of the resulting products was also analyzed
by differential scanning calorimetry (DSC) and thermal degradation analysis (TGA).
In a first attempt, the synthesis of TZSC (Scheme 1) was carried out through the reaction
of 5-(2-hydroxyethyl)-4-methylthiazole and succinic anhydride to form carboxylic acid groups
which were further attached into chitosan (CS) by N-acylation (CS-TZSC). Another approach
(Scheme 2) was to modify chitosan directly with succinic anhydride to introduce the amide by Nacylation (CS-AN). Finally, the thiazole group was attached by the reaction of 5-(2-hydroxyethyl)4-methylthiazole with CS-AN (CS-AN-TZ).

TZSC

CS-TZSC

Scheme 1: Modification of chitosan with thiazolium groups (CS-TZSC) from the carboxylic acid (TZSC)

CS-AN

CS-AN-TZ

Scheme 2: Modification of chitosan with succinic anhydride (CS-AN) and posterior thiazole groups (CS-AN-TZ)

Figure 1 shows the thermal degradation under
nitrogen atmosphere of resulting polymers. The
incorporation of the different compounds decreases the
stability of CS. It is also evident that CS-AN-TZ presents
lower water content absorption, which indicates the
successful of modification. It seems, as well, that the
incorporation of TZSC is done in lower extent than when
the reaction is performed in two steps (CS-AN-TZ).
Acknowledgements: to MICINN (PID2019-104600RBI00) and MICINN (PRE2020-093596).
References

Figure 1: TGA curves of CS and CS derivatives
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Nowadays novel strategies for efficient and sustainable energy generation are gaining
importance as a consequence of the climate crisis and the increasing energy demand. Among
many other approaches under research, thermoelectric materials offer a great opportunity since
they convert heat in electricity. Therefore, they can be used to transform waste heat into useful
energy taking advantage of the wasted energy in industrial and energy generation processes.
Moreover, thermoelectric devices are appealing due to their reliability, long lifetime and
feasibility for miniaturization. In the last years, various companies are working in incorporating
them in every-day life such as in vehicles. However, their large-scale implementation is hindered
by their limited conversion efficiency (around 6% for commercial ones [1]). Thus, many efforts are
focused on developing novel thermoelectrics with improved efficiency such as skutterudites or tin
and copper chalcogenides, which have exhibited remarkable performance.
Thermoelectric properties are greatly influenced by the material structure and
microstructure due to their influence in the thermal and electrical characteristics. Therefore,
controlling the synthesis is key to achieve an improved efficiency. Many synthesis processes,
which allow this control, have been studied as alternatives to the traditional ceramic method.
Moreover, these techniques such as hydrothermal method or ball-milling also lead to lower
reaction times and energy consumption. Furthermore, microwave radiation has been employed
together with hydrothermal method to achieve a faster and more efficient heating process.
In such way, this work has been focused on alternative synthetic routes that allow a higher
control leading to improved homogeneity in the sample. Thus, CoSb3-based skutterudites, Cu2Q
and SnQ (where Q = S, Se) were prepared by ball-milling, coprecipitation and microwavehydrothermal synthesis, respectively. Additionally, their structural features and thermoelectric
behavior was also investigated and discussed in this communication.

Figure 1. Schematic representation of the crystal structures of the synthesized materials [2,3,4] and
their corresponding DRX pattern.
References
[1] Z. Ma et al. Mater. Sci. Semicond. Process. 2021, 121, 105303.
[2] P. Nieroda et al. Ceram. Int. 2020, 46, 25460-25466.
[3] M. Rull-Bravo et al. RSC Adv. 2015, 5, 41653-41667.
[4] M.M. González-Barrios et al. Ceram. Int. 2022 https://doi.org/10.1016/j.ceramint.2022.01.096
962

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-422

TUNING TERNARY ALLOYED NANOPARTICLE COMPOSITION BY
EXSOLUTION IN DOUBLE PEROVSKITE ELECTRODES FOR CO2
ELECTROLYSIS
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Due to the important correlation between global warming and increasing atmospheric
concentrations of greenhouse gases (GHGs), like CO2, it is imperative to develop a more
sustainable energy supply system. In this context, solid oxide electrolysis cells (SOECs) are
becoming a promising alternative as energy conversion devices. State-of-the-art fuel electrode
Ni-Yttria stabilized zirconia suffers from coking and sintering in long-term operation. Thus, SOEC
electrode composition is being widely studied to solve these problems. Mixed ionic-electronic
conducting (MIEC) perovskite materials proved higher electrocatalytic activity for CO2 reduction,
especially iron-containing materials, such as Sr2Fe1.5Mo0.5O6. To functionalize these alternative
fuel electrodes, exsolution emerges as a promising alternative to classical impregnation methods.
Exsolution allows the formation of metal nanoparticles (NPs) by applying reducing conditions at
high temperatures (600-1000 ºC), which remain anchored to the surface of the original oxide
support improving their stability, distribution, and preventing high-temperature sintering issues.
Isomorphic substitution of B-site cations, combined with exsolution, appears to be an interesting
strategy to improve the performance of this kind of electrodes due to the possibility of exsolving
alloyed metallic nanoparticles.
Fe
HAADF
In this work medium-entropy double perovskite
system SrxFeCo0.2Ni0.2Mn0.1Mo0.5O6-δ (x = 2.0, 1.9,
1.8) was studied to prepare cathodes for SOECs
with enhanced electrocatalytic activity. B-site Fe
substitution with Co and Ni lead to Fe-Co-Ni
ternary alloyed nanoparticles (Fig. 1) with different
compositions and sizes depending on the
exsolution temperature. Therefore, we prove for
Co
Ni
the first time the alloyed exsolved nanoparticle
composition can be tuned by adjusting the
reducing conditions. Then, we studied the
electrocatalytic
activity
of
Sr2FeCo0.2Ni0.2Mn0.1Mo0.5O6 for direct CO2
electrolysis, revealing the catalytic enhancing
effects of exsolved Ni-Fe-Co nanoparticles with
high Faradaic efficiencies. In summary, here we
proved that the electrocatalytic activity of SOEC
Figure 1. HAADF-STEM and XEDS maps of x=2.0
electrodes can be boosted by obtaining ternary
composition exsolved nanoparticle (800 ºC).
alloy exsolved nanoparticles. Our results further
show that nanoparticle size and composition can
be easily adjusted by controlling the exsolution parameters.
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A LOW-VALENT BISMUTH PLATFORM TO BRIDGE RADICAL AND POLAR
REDOX CATALYSIS
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Traditionally, bismuth catalysis relied on the Lewis-acidic properties of the element in a
fixed oxidation state.[1] Recently, our group has developed new platforms in which bismuth
complexes can cycle through (n) and (n+2) oxidation states, mimicking the behavior of transition
metals.[2] These elementary steps resemble classical two-electron organometallic processes
(e.g., oxidative addition, ligand metathesis and reductive elimination), very well established for
catalytic cross-coupling reactions.[3a]
Here, we disclose the first access to reactive organobismuth intermediates through oneelectron processes, analogously to those promoted by first-row transition metals such as nickel
or iron.[3b] This allowed the use of low-valent bismuth to unlock new coupling reactions which
merge one- and two-electron processes in the same catalytic cycle.

References
[1] T. Ollevier, (Ed.), Bismuth-Mediated Organic Reactions. Springer, 2012.
[2] a) O. Planas, F. Wang, M.Leutzsch, J. Cornella Science 2020, 367, 313-317. b) Y. Pang, M.
Leutzsch, N. Nöthling, F. Katzenburg, J. Cornella J. Am. Chem. Soc. 2021, 143, 12487-12493. c)
H. W. Moon, J. Cornella ACS Catal. 2022, 12, 1382-1393.
[3] (a) de Meijere, A.; Diederich, F. (Ed.), Metal-Catalyzed Cross-Coupling Reactions, Wiley-VCH,
2004. (b) A. Kaga, S. Chiba ACS Catal. 2017, 7, 4697-4706.
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N-Heterocyclic Carbene (NHC) transition-metal complexes have gained great interest in
recent decades and have now become powerful molecules with a multitude of applications in
several disciplines. The development of chiral and potentially water-soluble NHC ligands in
organometallic chemistry is an area of particular importance.[1] Following our interest in the
investigation of medicinal applications of complexes containing amino acid-derived ligands,[2] we
decided to explore the preparation of new silver complexes containing chiral NHCR ligands, where
NHCR is a N-heterocyclic carbene of 2,2'-(1H-2λ3,3λ4-imidazole-1,3-diyl)dicarboxylate type. Here,
we present the synthesis of new water-soluble silver complexes Na3[Ag(NHCR)2] (R = H, 2a),
Na3[Ag{(S,S)-NHCR}2] (R = Me, 2b; iPr, 2c; iBu, 2d; sBu, 2e) and Na3[Ag{(S,S)-NHCR}2] (R = Me,
2b’; iPr, 2c’). Complexes 2 were prepared by treating compounds HLR (1, 2-(1-(carboxyalkyl)-1Himidazol-3-ium-3-yl)carboxylate) with Ag2O in the presence of aqueous sodium hydroxide
(Scheme 1). They were characterized by analytical, spectroscopic (IR, 1H and 13C NMR and
polarimetry) and X-ray methods (2a). In the solid state, the anionic part of complex 2a,
[Ag(NHCH)2]3-, shows a linear disposition of the Ccarbene-Ag-Ccarbene atoms and an eclipsed
conformation of the two NHC ligands (Figure 1). The cytotoxic activity of these complexes versus
two tumor cell lines (lung adenocarcinoma, A549, and gastric cancer, KATO III) was evaluated.
The chemical and antitumoral properties of complexes 2 will be discussed in this communication.

Scheme 1

Figure 1

References
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Velazquez, F. Verpoort, Chem. Soc. Rev. 2012, 41, 7032.
[2] (a) C. J. Carrasco, F. Montilla, E. Álvarez, A. Galindo, M. Pérez-Aranda, E. Pajuelo, A. Alcudia,
Dalton Trans. 2022, DOI: 10.1039/D1DT04213K, in press. (b) C. J. Carrasco, F. Montilla, E.
Álvarez, A. Galindo, M. Pérez-Aranda, E. Pajuelo, A. Alcudia, submitted to Pharmaceutics.
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APPLICATION OF EFFICIENT TITANOCENE(III)-BASED CHEMISTRY TO
THE SYNTHESIS OF MEROTERPENES
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The development of short, and efficient synthetic routes for the preparation of complex
natural products constitutes one of the most extended challenges in Organic Chemistry. Thus,
the application of methodologies that allow reaching this objective is of high interest in our field.
In this sense, titanocene(III)-promoted reactions have shown to be excellent tools for the
synthesis of a wide variety of organic compounds.[1] One example is the radical cyclization of
epoxypolyprenes catalyzed by titanocene(III) complex Cp2TiCl.[2] This bioinspired protocol has
been used for the cyclization, under smooth reaction conditions, of different polyenes with high
diastereo and regioselectivity.[3] Additionally, its combination with other titanocene(III)-promoted
reactions, as Barbier’s type polyprenylations,[3] has allowed us to access complex terpene
skeletons.[2]

To carry on studying the excellent applications of radical-based methods, in the present
communication we describe our recent works in the synthesis of two tricyclic meroterpenoids,
makassaric acid (1) and fascioquinol B (2). As it is depicted in the scheme, both compounds could
be prepared using the combination of Barbier’s type polyprenylation reaction and completely
regioselective radical cyclization catalyzed by Ti(III), very difficult to obtain using other
methodologies. This synthetic protocol allows preparing both compounds efficiently.

References
[1] S. P. Morcillo, D. Miguel, A. G. Campaña, L. Álvarez de Cienfuegos, J. Justicia, J. M. Cuerva,
Org. Chem. Front. 2014, 1, 15–33.
[2] T. Jiménez, S. P. Morcillo, A. Martín-Lasanta, D. Collado-Sanz, D. J. Cárdenas, A. Gansäuer,
J. Justicia, J. M. Cuerva, Chem. Eur. J. 2012, 18, 12825−12833.
[3] R. E. Estévez, J. Justicia, B. Bazdi, N. Fuentes, M. Paradas, D. Choquesillo-Lazarte, J. M.
García-Ruiz, R. Robles, A. Gansäuer, J. M. Cuerva, J. E. Oltra, Chem. Eur. J. 2009, 15, 27742791.
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ASSESMENT OF THE COOPERATING ABILITY OF AMIDO-PYRIDINE
LIGANDS IN THE PALLADIUM-CATALYZED DIRECT ARYLATION OF
ARENES: STOICHIOMETRIC AND COMPUTACIONAL STUDIES.
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Palladium-catalyzed cross coupling reactions of arenes involving a C-H activation step are
a green alternative to the conventional palladium-catalyzed couplings. The direct arylation of
arenes1 can be carried out using bases (acetate or carbonate), which assist in the C-H cleavage
step through the TS in Figure 1 (left).2 However, these external bases have to coordinate to the
palladium first. In our group, we have shown that [2,2-bipyridin]-6(1H)-one (bipy-6-OH), with a
basic group in its deprotonated form, can act as cooperating ligand without the need to previous
coordination of the base. In this way the transition state TS* (Figure 1, right) is more accessible
and the C-H activation step is accelerated.3

Figure 1.
In this work, we have tested several amido-pyridine ligands in the direct arylation of
arenes (pyridine, toluene and ethyl benzoate) and evaluated their efficiency (Figure 2). The ketoenol tautomerism of this kind of ligands will enable to assist in the C-H activation step in the same
way the bipy-6-OH ligand does. Moreover, the synthesis of the ligands is very easy and
affordable, independently of the substitution of the amido group. Mechanistic experiments on their
behavior in C-H activation processes will be discussed.

Figure 2.
References
[1] (a) N. Kuhl, M. N. Hopkinson, J. Wencel-Delord and F. Glorius, Angew. Chem., Int. Ed.,
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In the last decades, the development of new bis-and triscyclometalated Ir(III) complexes
has received increased attention due to their photophysical properties, which are extremely
attractive for applications such as phosphors in organic light-emitting diodes (OLEDs), chemical
sensing, bioimaging, or photoredox catalysts in organic transformations. Since 2010, and
triggered by the ground-breaking contributions of the group of Prof. Meggers, enantiopure chiralonly-at-metal derivatives of such complexes flourished due to their catalytic applications in
asymmetric transformations. The use of these complexes in asymmetric catalysis opened a new
paradigm in the area, which traditionally relied on the use of enantiopure chiral ligands. One of
the most recent examples of Meggers’ group describes asymmetric hydrogenations using chiralat-metal complexes that incorporate hydrogen-donors as non-innocent ligands.[1,2]
Secondary Phosphine Oxides (SPO) are amongst the strongest hydrogen-bonding donors
described in the literature. This feature has been reflected in many catalytic processes in which a
hydrogen-bonding SPO ligand has a key role in the reaction mechanism.[3]
In our research group, we have broad experience in the study of SPO-based catalysts for
asymmetric reactions using chiral ligands.[4,5]
In this communication, a first family of unprecedented chiral-at-metal Ir(III) complexes
containing achiral SPO ligands will be presented. The communication includes a comparative
study of their photophysical properties and preliminary studies on their application as catalysts in
asymmetric transformations.

Figure 9: SPO tautomers (a). Enantiomers of [Ir(C^N)2(SPO)Cl] (b).

Financial support from the University of the Basque Country UPV/EHU (PIF20/62), Basque
Government (IT-11819), the Spanish MICINN (PID2019-111281-GB-I00 and RED2018-102471T) and IKERBASQUE is gratefully acknowledged.
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The metal catalysed asymmetric hydrogenation is one of the most powerful tools for the
preparation of enantioenriched compounds due to its perfect atom economy.[1] Despite it has been
a deeply studied reaction, a specific ligand design is required for each substrate class.[1] In this
communication we shown the feasibility of in silico optimization of Ir/P,S-catalysts for the
asymmetric hydrogenation of broad and diverse type of challenging olefins. [2]

Figure 1. Catalyst design, optimization and application in asymmetric hydrogenation
DFT calculations showed that the bulkiness of the thioether has a major role to direct the
olefin coordination, thus overcoming very common face selectivity issues and controlling the
relative position of the axial hydride and the hydrogen. DFTs also showed that the chirality of the
biphenyl phosphite needs to be controlled to maximize the energy gap between the most stable
TSs leading to opposite enantiomers.
We therefore discovered an Ir-P,S catalysts, which contains an cyclohexyl thioether group
and an S-biphenyl phosphite group, as the most enantioselective for reduction of a range of
challenging unfunctionalized olefins and with relevant poorly coordinative groups, regardless of
the type of functional groups or their coordination abilities. Appealingly, further modifications on
the thioether groups and the biaryl phosphite moiety also allowed the highly enantioselective
hydrogenation of olefins with different geometry patterns, such as α,β-unsaturated lactones and
lactams, 1,1’-disubstituted enol phosphinates and cyclic β-enamides, present in relevant produtcs
(e.g. rotigotine, alnesporine, etc).
To sum up we show the usefulness of an in silico-based catalyst optimization for the
discovery of an efficient Ir-P,S catalyst family, whose application in asymmetric catalysis was
discarded because early studies failed.
References
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Over some 60 years of asymmetric catalysis, the source of catalyst chirality has mainly
been based on chiral organic molecules with stereogenic carbon atoms or on chiral molecules
exhibiting atropisomerism. However, there is a virtually unexplored option in the design of
enantioselective catalysts, where the metal cation of the catalyst is a stereogenic center. In these
cases, the metal center can be surrounded by any achiral ligand as long as they lead to metal
complexes with the stereogenic metal, commonly called chiral-at-metal complexes. However,
there are few examples of catalysts with exclusive metal-centered chirality that exhibit a stable
configuration.[1],[2]
In this communication, we present the synthesis and characterization of chiral-atrhodium(III) complex [RhCl2(κ4-N,N',N'',P)][SbF6] (1) bearing an achiral tetradentate ligand
(N,N',N'',P = N,N’-bis[(pyridin-2-yl)methyl]-[2-(diphenylphosphino)phenyl]methanamine). The
dichloride complex 1 is a configurationally stable complex with the stereogenic metal. Interesting,
the substitution of a chloride ligand in 1 by a solvent molecule leads to the completely
diastereoselective formation of catalyst precursors [RhCl(κ4-N,N',N'',P)(NCMe][SbF6]2 (2) and
[RhCl(κ4-N,N',N'',P)(OH2][SbF6]2 (3). On the other hand, complex 1 acts as a bidentate ligand
through both chloride atoms and coordinates to Ag(I) and Rh(I) centers to give polymetallic
complexes
[{RhCl2(κ4-N,N',N'',P)}2(μ-Ag)2][SbF6]4
(4)
(see
Figure)
and
([{Rh(κ4N,N',N'',P)}{Rh(COD)}(μ-Cl)2][SbF6]2 (5)), respectively. In particular, the complete
characterization of complex 4 discloses that the formation of the polynuclear compound is
completely diastereoselective with chiral self-recognition between the chiral metal fragments
involved.
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Cl(1)

Rh(1’)
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1

4
ORTEP views of the cation of complexes 1 and 4
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Supramolecular chemistry established itself as a core subject in chemistry since the revolutionary
discoveries led by Cram, Lehn, and Pedersen.[1] Supramolecular hosts are ideal systems to mimic
the active site of enzymes since they offer unique microenvironments that are not available in
conventional molecular chemistry.[2] Using appropriate host-guest interactions results in
remarkable reactivity, reaction rate enhancements, and product selectivity –overcoming
traditional chemical systems.[3] These are features of enzymatic catalysis.
We will report the preparation of a new supramolecular gallium metallocage and a new gallium
supramolecular quadruple-decker. These structures contain 1,2,3-triazole scaffolds being
isosteric with previous amide linkers.[4] The former metallocage has been designed to have the
appropriate dimensions to encapsulate organic cations and a cyclopentadienyl Co(III)
organometallic complex inside (figure 1). In contrast, the different supramolecular arrangement of
the quadruple-decker cannot encapsulate any guests, showing a strong structural dependence.
We will also account for solution NMR encapsulation and hydrodynamic studies and discuss the
host-guest affinity.[5]

Figure 1. Supramolecular design of novel polymetallic supramolecular architectures.
References
[1] D. J. Cram, Angew. Chem. Int. Ed. 1988, 27, 1009-1020.
[2] a) M. Morimoto, S. M. Bierschenk, K. T. Xia, R. G. Bergman, K. N. Raymond, F. D. Toste, Nat.
Catal. 2020, 3, 969-984; b) J. Meeuwissen, J. N. H. Reek, Nature Chem. 2010, 2, 615621.
[3] Z. J. Wang, K. N. Clary, R. G. Bergman, K. N. Raymond, F. D. Toste, Nature Chem. 2013, 5,
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Guillermo Marcos-Ayusoa, Agustí Lledós*b and Juan A. Casares*a
a

IU CINQUIMA/Química Inorgánica, Facultad de Ciencias, Universidad de Valladolid, 47071Valladolid, Spain.
b

Departament de Quımica, Edifici C.n, Universitat Autonoma de Barcelona, 08193
Cerdanyola del Valles, Catalonia, Spain.
e-mail: Guillermo.marcos.ayuso@uva.es

Keywords: Oxidative Addition, Copper (I), DFT, Kinetic experiments.
Activation of C–X bonds (X = halogen or pseudohalogen) is an essential part of copper-catalyzed
coupling reactions. Different C–X activation modes have been proposed and discussed. From a
mechanistic point of view, C–X activation can be considered an oxidative addition reaction, a
homolytic cleavage reaction, or a metathesis reaction. These are well established mechanisms
that explain satisfactorily most of the catalytic systems, and all of them consider the participation
of one single molecule of the catalyst to produce different Cu(II) or Cu(III) species as first step in
the catalytic cycle.1
This communication resumes the results of our recent investigation on the reaction mechanisms
of oxidative additions of copper(I) organometallics, carried out through kinetic studies and DFT
calculations.2 During our systematic experimental study, using kinetic analysis and diffusion
experiments, we have found some particular conditions for which the reaction cannot be
satisfactorily explained by considering one single copper complex, but that require the
participation of two organometallic molecules. Activation of the Ar–I bond by 14e copper(I)
complexes occurs through the interaction of two copper atoms with aryl iodide. This mode of
activation does not require the formation of a copper dimer, on the contrary, it is based on the
prior formation of a cluster of aryl iodide with a copper complex in kinetically relevant
concentration, which has been detected experimentally. This group reacts with a second copper
complex, on which oxidative addition occurs. The stabilization is efficient in the transition states
of the C–I breaking (OA) and forming (RE) bonds, which is where the iodine atom has an
increased I– character. The weak interaction between 14e– copper complexes and the iodine of
organic substrates leads to the breaking and forming of the C–I bond assisted by two copper
complexes.
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[1] S.-J. Li and Y. Lan, Chem. Commun., 2020, 56, 6609–6619.
[2] a) G.Marcos-Ayuso, A.Lledós, J.A. Casares. Chem. Commun., 2022, Advance Article.
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COPPER AND SILVER TRISPYRAZOLYLBORATE COMPLEXES BEARING
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One of the strategies employed for the formation of new C-N bond consists of the transfer of a
nitrene group to saturated or unsaturated substrates. During the last years, our research group
has developed several catalytic systems based in a family of copper and silver complexes bearing
hydrotrispyrazolylborate ligands (Tpx) as efficient catalysts these reactions.[1] However,
examples of the key species in these transformations, highly reactive metal-nitrene intermediates,
remain scarce.[2]
In this contribution, we describe the synthesis and characterization of two TpBr3M-L adducts (M=
Cu, Ag and L= 2-azido-1,3-bis(2,6-diisopropylphenyl)-2,3-dihydro-1H-1,3,2-diazaphosphole).
Thermal decomposition of both complexes has been studied, finding that copper promotes the
formation of the corresponding cyclodiphosphazene by the dimerization of two phosphinonitrene
units.[3] This process has been further explored in a catalytic manner by the decomposition of the
phosphinoazide in the presence of the TpBr3Cu(NCMe) complex, allowing the proposal of a
mechanism for this transformation.
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Activation by Single-Site Catalysis; Pérez, P. J., Ed.; Springer, 2012. b) R. Rodríguez, M.; DíazRequejo, M. M.; Pérez, P. J. Synlett 2020, 32, 763–774.
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3800–3802. b) Badiei, Y. M.; Krishnaswamy, A.; Melzer, M. M.; Warren, T. H. J. Am. Chem. Soc.
2006, 128, 15056–15057. c) Kundu, S.; Miceli, E.; Farquhar, E.; Pfaff, F. F.; Kuhlmann, U.;
Hildebrandt, P.; Braun, B.; Greco, C.; Ray, K. J. Am. Chem. Soc. 2012, 134, 14710–14713. d)
King, E. R.; Hennessy, E. T.; Betley, T. A. J. Am. Chem. Soc. 2011, 133, 4917–4923.
[3] a) Sicard, G.; Baceiredo, A.; Bertrand, G.; Majoral, J.-P. Angew. Chem. Int. Ed. Engl. 1984,
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Chem. Soc. 1984, 106, 6088–6089.
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In recent years, several types of highly efficient Pd(II) precatalysts, able to generate and
stabilize monoligated palladium(0) species, LPd(0), have been developed.[1] Among them, the
family of 2-aminobiphenyl N,C-palladacycles has been widely studied and modified by
Buchwald.[2] The remarkable catalytic activity of these palladacycle precatalysts relies on facile
activation, in the presence of base, to yield the desired monoligated palladium(0) species.
Very recently, we have described the catalytic performance of a series of 2-aminobiphenyl
palladacycles stabilized by bulky dialkylterphenyl phosphanes ligands in the amination of
deactivated aryl chlorides with a variety of N-nucleophiles.[3] The excellent catalytic properties
displayed by this precatalyst bearing the bulkiest terphenyl phosphane, PCyp2ArXyl2, encouraged
us to investigate their performance in the amination of aryl sulfamates.
Contrary to aryl sulfonates (triflates, mesylates and tosylates), aryl sulfamates have been
scarcely used as electrophilic coupling partners in Pd-catalyzed cross-coupling reactions,[4] since
they are much less reactive under the same conditions. Reported methods are mainly limited to
Ni catalysts, which still have some drawbacks such as relatively high catalyst loading and harsher
reaction conditions. Here, we report an efficient catalytic system for the amination of aryl
sulfamates with amines (alkyl, (hetero)aryl, primary and secondary amines) under catalytic
conditions similar to those reported for more reactive aryl chlorides (Figure 1).

Figure 1. C-N cross-coupling of aryl sulfamates and amines catalyzed by Pd(II) precatalyst
supported by dialkylterphenyl phosphane ligand.
References
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[3] (a) R. J. Rama, C. Maya, M. C. Nicasio, Chem. Eur. J., 2020, 26, 1064; (b) A. Monti, R. J.
Rama, B. Gomez, C. Maya, E. Alvarez, E. Carmona, M. C. Nicasio, Inorg. Chim. Acta, 2021, 518,
120214.
[4] (a) Z.-Y. Wang, G.-Q. Chen, L.-X. Shao, J. Org. Chem., 2012, 77, 6608; (b) P. R. Melvin, N.
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Heavier tetrylenes, the analogues of carbenes containing Si, Ge, Sn and Pb atoms have
attracted great interest in the last few years owing to their remarkable reactivity. Their smaller
HOMO-LUMO gap, compared to carbenes, allows them to participate in reactions typically
associated with transition metals, such as the activation of small molecules like H2, NH3 or C2H4.[1]
In this work we report the synthesis of iridium complexes with a PGeP pincer ligand, which
stabilizes an Ir—Ge bond [2] (Scheme below) and their reactivity with small molecules. Also, we
describe their electronic structure using a localized orbitals approach (NBO), which illustrates the
interaction of an empty p orbital on Ge with Ir that relates to their reactivity. (Figure below).

Scheme. Synthesis of iridium complexes 1 and 2.

Figure. P-orbital of germanium in complexe 2 (NBO).
References:
[1] Rosie J. Somerville, J. Campos. Eur.J. Inorg.Chem. 2021,3488–3498.
[2] J. A. Cabeza, I. Fernández, P. García-Álvarez and C. J. Laglera-Gándara. Dalton Trans. 2019,
48,13273–13280.
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The chemistry of main group elements has gained significant interest in the recent years.
This is a consequence of landmark investigations showcasing the potential of p-block species to
mimic the transition metal abilities such as coordination and catalysis.[1] Within the group 13 of
the periodic table, aluminum is a promising exponent which is the most abundant metallic element
and third most common element found on earth’s crust.[2] However, properties such as low
electronegativity, oxygen and water affinity,[3] bring difficulties to control the specific reaction
outcomes. The use of sterically demanding substituents to provide kinetic and thermodynamic
stabilization, has been a significant advance in the field.[4]
In this work, we present an exploration of the stability of low-valent aluminium
compounds. We have systematically studied the role of the substituents on the nitrogen atoms
towards the reduction of aluminium precursors (Scheme). We propose the rigid scaffold bidentate
rigid 1,8- diaminonaphtalene motif to stabilize aluminum derivatives with different subtitutents,
namely iso-propyl, phenyl, mesityl and 2,6-diisopropylphenyl.

Scheme. 1,8-diaminonaphtalene aluminium compounds. R = iso-propyl, phenyl, mesityl and
2,6-diisopropylphenyl. X = Cl, Br, I, red. = KC8.
References
[1]
R. L. Melen, Science 2019, 363, 479-484.
[2]
K. H. Wedepohl, Geochimica et cosmochimica Acta 1995, 59, 1217-1232.
[3]
aK. P. Kepp, Inorg. Chem. 2016, 55, 9461-9470; bH. Zou, S. Chen, Z. Zhao, W. Lin,
Journal of alloys and compounds 2013, 578, 380-384.
[4]
D. J. Liptrot, P. P. Power, Nat. Rev. Chem. 2017, 1, 1-12.

977

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-436

GROUP 11 COMPLEXES WITH N-HETEROCYCLIC CARBENE LIGANDS
Irati Barriendos, M. Concepción Gimeno and Olga Crespo

Departamento de Química Inorgánica, Instituto de Síntesis Química y Catálisis Homogénea
(ISQCH), CSIC-Universidad de Zaragoza. E-50009 Zaragoza, Spain
e-mail: irati.barriendos@unizar.es
Keywords: Group 11 elements, NHC, luminescence
In luminescent species triplet harvesting and emission through phosphorescence or
thermally activated delayed fluorescence (TADF)[1] (Figure 1) represent advantageous
mechanisms which make them interesting species for OLED design. Our interest is focused on
group 11 complexes displaying such properties.

Figure 1
In this work different group 11 N-heterocyclic carbene complexes with different ancillary P,
N or C ligands (L) (Figure 2) are studied.
The complexes presented have been characterised by different analytical techniques:
nuclear magnetic resonance (NMR), mass spectrometry and X-ray crystallography. In addition,
the optical properties of the complexes, emission and excitation energies, lifetimes and quantum
yields have been analysed.

Figure 2
References
[1] Y. Tao, K. Yuan, T. Chen, P. Xu, H. Li, R. Chen, C. Zheng, L. Zhang, W. Huang. Adv.
Mater. 2014, 26, 7931−7958.
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Cancer has become the second leading cause of mortality in the world.
Photochemotherapy emerges as a new non-invasive technique to improve the selectivity of
current cancer treatments. In this therapy, a photosensitizer (PS) is delivered which is ideally
harmless in the absence of light and activates in the presence of light. The action can take place
through a PDT mechanism involving the generation of 1O2 and reactive oxygen species or through
a PACT mechanism in which irradiation leads to photodissociation of the molecule to give rise to
one or two active species. Ir complexes with C^N ligands have been employed as PS in PDT due
to their photochemical properties.[1] In this work, new half-sandwich Ir(III) complexes with πextended C^N ligands and different N-donor ligands are presented (Figure 1.a), which are
expected to generate ROS.[2] Also, the introduction of π-extended ligands could enable DNA
intercalation.[1]
Photostability studies in DMSO/D2O (9/1, v/v) have been carried out to study ligand
photodissociation. Whereas in dark conditions all complexes remain unaltered, under light
irradiation significant differences were observed: pyridine ligand is photoreleased whereas
imidazole and acetonitrile complexes remain coordinated. The effect is higher under blue light,
reaching a 52% of photodissociation in 2b after 4 h (Figure 1.b). Studies of 1O2 generation have
been carried out and no 1O2 generation was observed in dark conditions. However, under blue
light a very high photoactivation was obtained for complexes with dbppz ligand: φ∆ (3b, dark) =
0,04 and φ∆ (3b, 470 nm) = 0,98. For complexes with bppz ligand φ∆ was similar in dark and under
light. Biological studies are in progress to determine the photocytotoxicity and the photoactivation
mechanism. Pyridine photodissociation in complexes 2a-2b would allow a PACT mechanism
while photostability of complexes 3-4 would allow a PDT mechanism.
a)

b)

Figure 1. a) Synthesis of half-sandwich Ir(III) complexes. b) Pyridine photodissociation
under visible light, blue light (470 nm), green light (530 nm) and red light (655 nm).
Funding
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Formic acid is a promising hydrogen carrier, as independently described by Beller [1] and
Laurenczy [2] in their seminal work. The homogeneously catalysed dehydrogenation of HCOOH
allows the generation of an equimolar H2/CO2 mixture virtually free of CO, which is crucial for the
optimal performance of hydrogen fuel cells.
In this work, the activity of two iridium complexes based on PCNHCP and PCNHCO ligands,
[Ir(COD)(κ3-P,C,P'-PCNHCP)]BF4 (1) and [Ir(COD)(κ2-P,C-PCNHCO)]BF4 (2), was studied in the
dehydrogenation of formic acid under different conditions (Figure 1). In this context, the use of
dimethylcarbonate as co-solvent (1:1 (v/v)) was observed to drastically increase the catalytic
activity in the case of complex 2, from a TOF1h of 61 to 988 h-1, while complex 1 was hardly
affected. The study of the reaction mechanism was carried out by stoichiometric tests, KIE
measurements and DFT calculations. These data, both theoretical and experimental, suggest that
the use of organic carbonates as co-solvents prevents the deactivation of the catalyst, which
occurs after the formation of dinuclear species [3].
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Inorg.Chem. 2021, 60, 15497–15508.
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Benzannulated spiroketals are common structural motifs present in a wide range of natural
products, drugs and bioactive molecules.[1] Traditional syntheses involve stoichiometric use of
reagents, multiple protecting steps and harsh conditions, whereas new synthetic pathways are
focused in more sustainable chemical processes.[2] Novel strategies include the electrophilic
activation of unsaturated substrates using metal catalysis, usually with precious metals such as
gold or ruthenium.[3] In this communication, we report the synthesis of benzannulated spiroketals
by double intramolecular hydroalkoxylation of alkynyl diols under indium catalysis.

Indium(III) is a soft Lewis acid with the ability to activate carbonyl derivatives (-catalysis)
and carbon-carbon unsaturated bonds under -acid catalysis (dual catalytic activity).[4] Therefore,
it represents a more economical alternative to precious metals but the number of synthetic
applications is still reduced. In this work we found that InI3 catalyzes the cycloisomerization
reaction of o-(hydroxyalkynyl)benzyl alcohols (primary and secondary) affording benzannulated
spiroketals in good yields. The reaction proceeds, under mild reaction conditions, using low
catalyst loading (2-5 mol%), with a variety of alkynyl diols providing a set of spiroketals with
variable ring sizes. The synthetic transformation involves a regioselective double intramolecular
hydroalkoxylation reaction which can be extended to homobenzylic alcohols and even N,O-mixed
spiroketals. Key aspects related to the regioselectivity observed and mechanistic proposal will be
presented and discussed.[5]
Acknowledgements: We are grateful to the Ministerio de Ciencia, Innovación y Universidades
(PGC2018-097792-B-I00) and Xunta de Galicia (GRC2018/039) for financial support. RPG
thanks Fundación Gil Dávila and Xunta de Galicia for a predoctoral fellowship.
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Chem. 2018, 83, 7970. (d) Millán, R.; Rodríguez, J.; Sarandeses, L. A.; Gómez-Bengoa, E.; Pérez
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Transition metal complexes with ambiphilic tetrylene ligands are attractive synthetic targets
due to their remarkable chemical reactivity which often involves metal-tetrylene cooperation.[1] We
have focused our study on [Ir(COD)(µ-Cl)]2 (COD = 1,5-cyclooctadiene) complexes with the
bifunctional carbene-phosphene ligand 3-(Di-tert-butylphosphino)-1-mesitylimidazol-2-ylidene
(MesCP)[2] and MesArGeCl[3] (MesAr = C6H3-2,6-(C6H2-2,4,6-Me3)2) as the germanium(II) source.
Complex 1 is readily obtained by the complexation of MesCP to an IrCl(COD) unit. MesArGeCl
is able to insert into the Ir-Cl bond in 1, likely yielding an Ir(I)-germyl complex. Over the course of
several hours the COD ligand is displaced and benzylic C-H activation on one of the lateral rings
of the terphenyl moiety yields complex 2.

Complex 2 has been unequivocally characterized by NMR and X-ray diffraction studies as
a benzylic iridium(III) hydride. Previous studies in our group have demonstrated the potential of
similar transition metal/main group systems to mediate unconventional transformations.[4]
Reactivity of 2 towards chloride and hydride abstractors, as well as reducing agents will be
presented.
References
[1] R. J. Sommerville, J. Campos, Eur. J. Inorg. Chem 2021, 3488-3498.
[2] E. Kühnel, I. V. Shishkov, F. Rominger, T. Oeser, P. Hofmann, Organometallics 2012, 31,
8000-8011.
[3] R. S. Simons, L. Pu, M. M. Olmstead, P. P. Power, Organometallics 1997, 16, 1920-1925.
[4] S. Bajo, M. M. Alcaide, J. López-Serrano, J. Campos, Chem. Eur. J. 2021, 27, 16422-16428.
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1, 3–dipolar cycloaddition is an important synthetic pathway for the preparation of heterocyclic
compounds, which allows the formation of multiple stereochemical centers in a single step. In this
context, [3 + 3] cycloaddition has proved to be a valuable tool for the synthesis of useful
enantioenriched molecules as is the case of piperazines and piperidines.[1]
Piperazine is considered as a privileged scaffold in medicinal chemistry,[2] which has been used
across a vast number of drugs in different areas as is the case of indinavir, used for HIV treatment,
imatinib, a chemotherapy medication, or piribedil, an antiparkinsonian agent. Their synthesis is
usually accompanied with stereoselectivity problems and, in some cases, with challenging multistep synthetic processes. Selective atom-economical methods for the formation of C-substituted
piperazines from easily synthesized precursors, which can be modified to get a range of different
piperazines, is something highly desirable.[3]
Recent works have shown significant progress in this area, for example in the catalytic synthesis
of C-substituted piperazines starting from imines containing aromatic substituents catalyzed by
an aluminum complex, reported by Mendoza et al., which demonstrated high stereoselectivity and
high yields.[4] Nevertheless, this catalysis was mostly limited to pyridine derived imines and
required irradiation by LED lamps.
Here, we report a high stereoselective catalytic method for the obtention of different C-substituted
piperazines from imines with both aromatic and aliphatic substituents mediated by an iridium
complex through a 3+3 cycloaddition reaction.

Financial support acknowledgment: PID2020-119512GB-I00/AEI/10.13039/501100011033
and GA/FEDER E50_20D
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Traditionally, techniques such as inductively coupled plasma mass spectroscopy or gas
chromatography have been used for cation detection. However, these methods need long
analysis times and sophisticated instrumentation. Simpler and faster methods have been
developed these days, such us optical methods (colorimetric and/or fluorescent), which can entail
easy visualization, high sensitivity and cheaper instrumentation. Among these, ratiometric
(bicolour) fluorescent sensors stand out due to the lower limit of detection.[1]
In this area, both organic molecules and metal complexes are being developed as
luminescent probes. Indeed, some iridium complexes demonstrated to be selective luminescent
sensors for different cations. Different strategies are used to trap or interact with the cation, which
permits a rational tuning of the iridium’s emission.
In our group, we have been working with iridium complexes for a variety of objectives. In
this contribution, an iridium-based sensor for cations will be described including its response to
cations in solution and on solid supports.

Figure 1. Illustration of the iridium complex’s emission color change when trapping the cation.
Financial support from the Basque Government (PRE_2020_2_0230, IT-1346-19 and IT-118019), the Spanish MICINN (PID2019-104772-GB-I00, PID2019-111281-GB-I00, RED2018102387-T, and RED2018-102471-T), and by the European Commission (ERC-2020-SyG951281) is gratefully acknowledged.
[1] Z. Freixa, I. Rivilla, F. Monrabal, J. J. Gómez-Cadenas, F. P. Cossio, Phys. Chem. Chem.
Phys., 2021, 23, 15440-15457.
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ONTO GRAPHENE: SYNTHESIS AND APPLICATIONS
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Metal nanoparticles are particularly interesting in the field of catalysis because control of the size
and stability allows the rationale design of highly active catalytic systems. One of the major
drawbacks in the use of M-NPs in catalysis is the limited stability under reaction conditions. We
have previously described the benefits of using graphene as support of molecular complexes for
catalytic applications. [1-4]
Nickel nanoparticles (Ni-NPs) are known for their ability to promote a variety of organic
transformations and catalytic hydrogen transfer. Synthesis of Ni-NPs presents a challenge;
therefore, it is of interest to develop new forms of preparation and optimization the experimental
conditions [1]. In this work, new methodologies are proposed for the synthesis of functionalized
Ni-NPs supported on the surface of reduced graphene oxide (rGO).

Figure 1. Model representation of Ni-NPs immobilized onto the surface of graphene.

The authors thank the financial support from MICIU/AEI/FEDER/FSE (RTI2018-098237-B-C22),
Generalitat Valenciana PROMETEU/2020/028, GRISOLIAP/2021/114 and Universitat Jaume I
(P1.1B2015-09).
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LOW-VALENT GALLYL ANIONS WITH POTASSIUM: C–H BOND
ACTIVATION OF AZOBENZENE AND ALKYNES
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Recent years have seen the accelerating renaissance of main-group chemistry and
catalysis since new principles and reactivities are continuously emerging in the s and p-block
arena.[1] In this context, the use tailor-made chelating ligands allows the stabilisation of low-valent
group 13 M(I) species, ie. neutral Al(I), Ga(I), and In(I) compounds.[2] In particular, the isolation of
an aluminyl Al(I) anion led the generation of nucleophilic aluminium centre with unprecedented
reactivity in activating strong chemical bonds.[3] These discovery opened a door to an exciting
unexplored area in bimetallic chemistry where alkali metals play an important role in stabilising
such low-valent anions.
This contribution accounts for our recent progress in using low-valent potassium Ga(I)
bimetallic systems in C–H activation reactions with different substrates. An example is the
isolation and characterisation by NMR and X-ray diffraction of the pre-activated Ga(I) and the
ortho-C–H activated derivatives of azobenzene. This reactivity pattern contrast with the reactivity
of the lighter Al(I) analogue that activates the N=N bond at azobenzene.[4] Another example is C–
H bond activation with alkynes (see Figure 1). We will also account our mechanistic insights into
the bimetallic cooperation between Ga and K for this transformation.[5]

Figure 1. C–H activation by a low-valent potassium gallyls.
References
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111, 354-396. b) P. W. Roesky, Dalton Trans. 2009, 1887-1893. [3] a) T. X. Gentner, M. J. Evans,
A. R. Kennedy, S. E. Neale, C. L. McMullin, M. P. Coles, R. E. Mulvey, Chem. Commun, 2022,
58, 1390-1393. b) M. J. Evans, M. D. Anker, C. L. McMullin, S. E. Neale, M. P. Coles, Angew.
Chem. Int. Ed. 2021, 133, 22463-22466. c) C. Weetman, S. Inoue, ChemCatChem, 2018, 10,
4213-4228. d) J. Hicks, P. Vasko, J. M. Goicoechea, S. Aldrige, Angew. Chem. Int. Ed. 2021,
60,1702-1713. [4] H. Zhu, J. Chai, H. Fan, H. W. Roesky, U. N. Nehete, H.-G. Schmidt, M.
Noltemeyer, Eur. J. Inorg. Chem. 2005, 2005, 2147-2150. [5] Manuscript in preparation.
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Eighteen-electrons organometallic complexes of the type [MIICp] can follow mainly two
different activation pathways to be enrolled in a catalytic process. Firstly, and more common, is a
ligand dissociation to give a more reactive sixteen-electrons intermediate. On the other hand, a
5
to 3
process can generate an electron vacancy which allow association mechanisms. In the
case of organometallic iron complexes, it is well accepted that follows mainly dissociative
mechanisms throw sixteen-electrons species. This kind of complexes have been employed during
the las decades in important catalytic processes like hydrosilylation of aldehydes or ketones and
hydrophosphination reactions.[1]
Whether such processes take place after a first dissociative step, it is crucial to understand
this dissociation to improve these catalytic systems. Different studies with [FeCp(CO)2X]
complexes (where X = Cl, Br, I) reveals that a CO molecule can dissociate by four different
pathways among which are chemically, photochemically, thermally, and metal catalyzed throw a
16 e- transition states. This dissociative step can be followed by different transmetallation
reactions from organogold, [2] organozincates[3] or copper complexes (Figure 1). [4]

Figure 1. Plausible mechanisms for the dissociative step that precedes the transmetallation of
[FeCp(CO)2X] complexes.
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BIS-NHC HALF-SANDWICH RUTHENIUM COMPLEXES
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N-Alkylated sulfonamides are highly useful building blocks in the pharmaceutical and
agrochemical industries as they are found in a great number of biologically active compounds. Nalkylation of sulfonamides by borrowing hydrogen (BH) has recently emerged as an appealing
approach due to its high atom-efficiency and environmental sustainability.[1]
In this case, alcohols are employed as inexpensive, readily available and non-toxic
alkylating agents reducing overalkylation products and avoiding the formation of harmful byproducts.
Ruthenium-based catalytic systems are extensively used for the N-alkylation of amines
with alcohols by borrowing hydrogen.[1] However, the N-alkylation of with ruthenium complexes
using alcohols as alkylating agents is much lower because they are poorer nucleophiles.[2]
Recently, we reported the synthesis and catalytic activity of pentamethylcyclopentadienyl
(Cp*) ruthenium complexes bearing the methylene-linked bis(NHC) ligand bis(3-methylimidazol2-ylidene)methane for the transfer hydrogen of ketones.[3] We hereby reported the first rutheniumcatalytic system bearing NHC ligands used for the direct N-alkylation of sulphonamides.[4]

References
[1] J. Corma, J. Navas, M. J. Sabater. Advances in one-pot synthesis through borrowing hydrogen
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ruthenium complexes. Org. Biomol. Chem., 2022, 20, 831-839.

988

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-447

N-O BOND ACTIVATION AT A CATIONIC NITROSYL-BRIDGED
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Nitric oxide is a multifaceted ligand (nitrosyl) able to bind metal atoms in both high and
low oxidation states and with very diverse coordination modes, which makes the chemistry of
nitrosyl complexes a research area of great academic interest. Moreover, while this simple
molecule has relevant biological activity at low doses (neurotransmission, regulation of blood
pressure, etc.), its presence in air at high levels has undesired consequences (toxicity,
greenhouse effect, ozone levels alterations, etc.) which makes it an important air pollutant
requiring catalytic abatement. [1] The latter often involves the cleavage of the strong NO bond
of this molecule when interacting with one or more metal atoms at the surface of solid catalysts.
This is why we have been studying for some time the chemistry of binuclear nitrosyl complexes
bearing different types of unsaturation (coordinative, electronic, or both), as molecular systems
potentially able to activate (weaken) and eventually cleavage the nitrosyl NO bond at a dimetal
site. [2] Following our recently discovered synthetic route for a rare 2 nitrosyl-bridged
dimolybdenum complex [3] we have now been able to prepare analogous ditungsten complexes
[W2Cp2(-PtBu2)(2-NO)(CO)(NO)]X, (X=BAr’4, (1a) BF4, (1b); Ar = 3,5-C6H3(CF3)2) and
study their chemical behaviour. Interestingly, several NO bond cleavage reactions can be
induced by the strongly acidic dimetal site of the cation in the salt 1a having the more inert external
anion.

[1] Richter-Addo, G. B.; Legzdins, P. Metal Nitrosyls; Oxford University Press: Oxford, U. K., 1992.
[2] (a) Alvarez, M. A.; García, M. E.; García-Vivó, D.; Ramos, A.; Ruiz, M.A.; Toyos, A.; Vega, M.
F. Inorg. Chem. 2018, 57, 15314. (b) Alvarez, M. A.; García, M. E.; García-Vivó, D.; Ruiz, M. A.;
Toyos, A.; Vega, M. F. Inorg. Chem. 2013, 52, 15314, and references therein.
[3] Guerra, A. M. Trabajo Fin de Máster. Universidad de Oviedo, 2021.
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The incorporation of trifluoromethyl substituents (CF3) into organic molecules is one of
the main directions for the development of small molecule pharmaceuticals and agrochemicals,
as it improves their biological activity and stability.[1] As a consequence, efforts have been devoted
to expanding methods to introduce CF3 groups,[2] leading to sophisticated synthetic approaches
involving unfunctionalized aromatic C–H bonds and photocatalytic settings, via the formation of
reactive CF3 radical species.[3,4] However, although a variety of new trifluoromethylating reagents
have been designed, their application outside academic laboratories is problematic because of
their high cost, toxicity and molecular waste.
Trifluoroacetic acid (TFA) emerges as the most available and inexpensive source of CF3,
but its use in trifluoromethylation reactions to deliver CF3 radical species is very challenging (high
oxidation potential) and beyond the reactivity of state-of-the-art photocatalysts. Herein, we report
an innovative approach using Earth-abundant metal catalysts able to unlock the
photodecarboxylation of TFA upon visible-light illumination. This strategy is applied to the catalytic
trifluoromethylation of C(sp2)–H bonds in organic substrates. The mild conditions allow the latestage trifluoromethylation of innate C–H bonds in complex molecules and the streamlined
preparation of pharmaceuticals (Figure 1).

Figure 1. Synthesis of trifluridine via photocatalytic trifluoromethylation with trifluoroacetic acid.
We thank MCIN/AEI/10.13039/501100011033 and “ESF Investing in your future”
(PID2020-115408GA- I00 and RYC2018-024643-I) for financial support.
References
[1] M. Inoue, Y. Sumii, N. Shibata, ACS Omega 2020, 5, 10633-10640.
[2] S. Barata-Vallejo, A. Postigo, Chem. Eur. J. 2020, 26, 11065-11084.
[3] D. A. Nagib, D. W. C. MacMillan, Nature 2011, 480, 224-228.
[4] M. Imolek, G. Karunanithy, W.-L. Ng, A. J. Baldwin, V. Gouverneur, B. G. Davis, J. Am. Chem.
Soc. 2018, 140, 1568-1571.

990

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-449

PHOTOSENSITIVE TERPYRIDINE COMPLEXES OF RUTHENIUM(II) AS
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Cancer is the second leading cause of death globally. Conventional therapies used in cancer
treatment, like chemotherapy, which are based on the administration of a drug capable of killing
the tumor cell, have two main drawbacks: multidrug resistance and side effects. For these
reasons, new and more selective pharmacological substances are needed to be synthesized.
Photochemotherapy (PCT) emerges as a promising alternative to solve fully the limitations of
conventional chemotherapy[1]. It consists on the administration of a prodrug (usually named as
photosensitizer), ideally harmless in dark conditions, which becomes a pharmacological active
substance when irradiated with electromagnetic radiation at a certain wavelength. One type of
PCT is photoactivated chemotherapy (PACT), in which a molecule is used as photosensitizer
(PS), which is non-active in dark conditions but dissociates in the presence of light to yield one or
two pharmacological active species.[2]
In this work a series of ruthenium complexes of formula [Ru(tpy-R)(Me2bpy)L]A2 with potential in
PACT were synthesized. In the first step of the synthesis the terpyridine ligand (tpy-R) reacts with
RuCl3·3H2O, which yields the dinuclear complex of Ru(II). In the second step, the ligand 6,6´dimethyl-2,2´-bipyridine (Me2bpy) fragments the Ru(II) dimer, obtaining the resulting complex.
The reason to employ Me2bpy lies in the great steric hindrance produced by the methyl groups,
which is crucial for the dissociation of the ligand L, coordinated in the last step. The L ligand is an
imidazole derived molecule, clotrimazole. According to bibliography, clotrimazole acts as a
glycolysis inhibitor in several cancer cell lines, justifying its use as anticancer agent.[3]
Furthermore, several photostability studies carried out with complexes C5 and C6 indicated that
the modification of the functional group of the terpyridine ligand alters the photodissociation rate.
Besides, the photodissociation process takes place rapidly in blue and green light for both
complexes in short periods of time, justifying the potential of them as PACT agents.

Figure 1. Synthesis of terpyridine ruthenium complexes used in this work.

Figure 2. Photodissociation study under blue light with C5 (blue line) and C6 (orange line).
References
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The phosphinidene ligand (PR) is a multifaceted ligand where the phosphorus atom may
display different coordination modes when bridging two metal centres, with three coordination
modes being recognized prior to our work. Moreover, only a few examples of heterometallic
phosphinidene complexes have been described, and their reactivity has been little explored. [1]
Recently, we have described a new coordination mode for heterometallic phosphinidene-bridged
complexes, involving a strongly asymmetric distribution of the  -bonding interaction at the M-PM’ skeleton. This, added to the different steric and electronic properties of the two metal centres,
provides these complexes with a great chemical versality. [2] The development of an efficient
synthesis to obtain the heterometallic phosphinidene complex [MoReCp( -PMes*)(CO)6] (1)
allowed us to explore their reactivity with a variety of chemical species. [2] Specifically, in this
contribution we report some results of reactivity of 1 towards different isocyanides. We have
observed that these reactions are strongly dependent on the nature of the particular isocyanide
and the reaction conditions.

[1] (a) García, M.E.; García-Vivó, D.; Ramos, A.; Ruíz, M.A. Coord. Chem. Rev. 2017, 330, 1. (b)
Álvarez, M. A.; Burgos, M.; García, M. E.; García-Vivó, D.; Ruiz, M. A.; Vega, P. Dalton Trans. 2019,
48, 14585.
[2] Álvarez, M. A.; García, M. E.; García-Vivó, D.; Ruiz, M. A.; Vega, P. Inorg. Chem. 2020, 14,
59, 9481.
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Recently, gold-catalyzed cross-coupling reactions through Au(I)/Au(III) redox cycles have
emerged as a complementary tool for the construction of both carbon−carbon and carbonheteroatom bonds.[1] Reductive elimination on Au(III) intermediates is a key step in these catalytic
cycles as it gives rise to the formation of coupling products containing new C–C or C–X bonds
and regenerates Au(I) species that can re-enter the catalytic cycle.
In this communication, we present the synthesis and reductive elimination reactions of a
new series of complexes of the type [Au(CF3)(CH3)X(PPh3)]. This new model system has allowed
the study of both C(sp3)–C(sp3) and C(sp3)–X (C–X, X = N, P, O, F, Cl, Br) bond-forming reductive
eliminations, including the first direct observation of C(sp3)–O bond-forming reductive eliminations
from an isolated Au(III) center. Remarkably, these transformations can proceed even with very
weak oxygen nucleophiles such as triflate, nitrate and perchlorate.
Mechanistic studies have revealed different reductive elimination pathways depending on
the nature of ligand X and the reaction conditions.
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Cyclometallated complexes have been extensively studied because of their interesting
properties, especially as effective catalysts in cross-coupling reactions.[1,2] Also, compounds with
palladium and platinum have been tested in biological assays, showing very promising biological
activity.[3,4]

Figure 10. Reaction sequence leading to the synthesis of dinuclear compounds.
Here in, as shown in Figure 1, the reactivity of cyclometallated palladium compounds
with diphosphine ligands is discussed. Thus, the parent complexes were reacted with four
equivalents of the corresponding diphosphine: bis(diphenylphosphino)ethane (dppe) and
bis(diphenylphosphino)butane (dppb), in the hope of making mononuclear complexes with the
diphosphine in the dppe-P and dppb-P coordination mode, leaving a free phosphorus atom, in an
analogous fashion to the short−chain diphosphines such as bis(diphenylphosphino)methane
(dppm) and 1,1’−bis(diphenyl-phosphino)ethylene (vdpp).[5,6] Instead, analytical and
spectroscopic data showed the final reaction product to be, in all cases, a dinuclear species with
the diphosphine as a brigding bidentate ligand between two cyclometallated units.
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The C–H activation and the alkyne hydrofunctionalization are reactions of great interest in
the preparation of organic compounds with high added value. On the other hand, the 2-pyridone
scaffold can be found embedded in many biologically relevant compounds, including some drugs
approved by the FDA for the treatment of cancer, HIV or pulmonary fibrosis. Our research group
has extensive experience in the design of Rh catalysts with N-heterocyclic carbene (NHC) ligands
as selective Markovnikov-type catalysts in alkyne hydrofunctionalization.[1,2,3] Due to the interest
of these molecules, the proper choice of auxiliary ligands within the coordination sphere of the
metal is essential to control the selectivity of the process and achieve good catalytic efficiency.
In a previous work related to alkyne dimerization, it was observed that the 2-pyridonate
ligand coordinated to the Rh-NHC scaffold behaves as a proton shuttle through a deprotonationprotonation mechanism.[3] This catalytic system is also effective in the hydropyridonation of
alkynes, specifically obtaining the gem isomer. In addition, the chemoselectivity of the process is
directed towards the formation of the O-alkenylation product (Figure 1), thermodynamically less
favored, due to the N-coordination of the 2-pyridone derivatives. Mechanistic studies in
combination with DFT calculations support a hydride-free pathway. Conversely, the C–O coupling
operates through a metallacyclopropene intermediate and the IPr carbene, with bulky groups in
its structure, stabilizes it and favors its release from the metal center. Owing to the importance of
this type of molecules as synthetic intermediates related to structures of biological interest, the
design of new and more efficient catalysts offers promising results in this research area.

Figure 1. Hydropyridonation of terminal alkynes catalyzed by Rh-NHC complexes.
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There has been growing interest in the synthesis and properties of nano-size
supramolecular species, that can function as organic containers, due to their potential
applications in host-guest chemistry, sensing, catalysis and molecular recognition.[1] The organic
synthesis of these complex supramolecular structures usually requires multiple steps, the use of
protecting groups and laborious purifications. These synthetic issues can be overcome by
preparing metallocavitands, such as metallacalix[n]arenes, that are often prepared by selfassembly methods. In particular, metallacalix[n]arenes, which are metallamacrocylic complexes
where the methylene linker entity in classical organic calix[n]arenes is replaced by a bridging
metal center and the phenylene ring is substituted by a nitrogen heterocycle, are excellent
candidates for supramolecular chemistry given their potential for non-covalent interactions such
as hydrogen bonding and π-stacking as well as their straightforward synthesis.[2] Most reported
metallacalix[n]arene examples are based on palladium or platinum as the bridging metal centers.
Therefore, current research is centered on the development of metallocavitands with other
transition metal centers, which can lead to new functionalities, therefore, widening the breadth of
potential applications for these species.
Herein, we describe the assembly of neutral rhodium metallacalix[n]arenes (n = 3, 4). The
use of the deprotonated form of the uracil and guanine ligands as building blocks affords
polynuclear metal complexes. The result of this reaction is very sensitive to the nature to the
reaction medium. In particular, we have focused on studying the influence of the ligands and of
the reaction and crystallization conditions (solvent, temperature, etc.) on the overall structure
formed.

Financial support acknowledgment: PID2020-119512GB-I00/AEI/10.13039/501100011033
and GA/FEDER E50_20D
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Asymmetric homogeneous catalysis can be considered as one of the most important
applications of transition metal complexes. Considering that the active site in inner-sphere
catalytic reactions involves the metal center, chiral-at-metal complexes can be considered a priori
as advantageous for catalytic enantio- or diasteroselective processes compared to traditional
catalysts based on chiral ligands.[1] The use of chiral-only at metal complexes as catalysts is
gaining momentum in the last years triggered by the important contributions of the group of
Meggers. They developed efficient synthetic methodologies for octahedral chiral-at-metal iron,
ruthenium, rhodium and iridium complexes using a quiral ligand as a recyclable resolution
agent.[2,3] They also demonstrated the potential of these complexes as catalysts in a myriad of
enantioselective transformations.
Here, we present the syntheses of different silicon-based pro-bidentate ligands (SiX, X= S,
P, N). The reaction of these SiX ligands with [M(coe)2Cl]2 (M= Rh, Ir; coe= cyclooctene) led to the
formation of the neutral rhodium(III) and iridium(III) complexes [M(SiX)2Cl] showed in Figure 1.
The cationic complexes [M(SiX)2]+ have been synthesized by chlorine abstraction using a
halogen scavenger such as Na[BArF4] or Ag[PF6]. Following this strategy, we have synthesized
different racemic complexes (Λ and Δ mixtures).
The synthesized racemic chiral-at-metal complexes were resolved into both enantiomers
using resolution agents or by separation using chiral semipreparative HPLC. For example, as is
shown in Figure 1 we have able to separate the neutral [Rh(SiP)2Cl]. The two enantiomers
obtained (Λ and Δ) have been fully characterized, including single crystal X-ray diffraction.
LIGANDS

X: SMe, PPh2.

CHIRAL-AT-METAL ENANTIOMERS

COMPLEXES

X: N, SMe, PPh2.
M: Rh, Ir.

Λ

Δ

Figure 11
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Homogeneous catalysis by soluble transition metal complexes offers many advantages
over heterogeneous catalysis, such as milder reaction conditions, higher activities and better
selectivities. Such superior performance arises from the ability of transition metals to complex
with a wide variety of ligands in a number of geometries and easily change oxidation state.
In this work, the strategic application of cationic transition Ru-nitrosyl complexes in
homogeneous catalysis has been tested for transfer hydrogenation of double bonds such as
aldehydes, ketones and alkenes using isopropanol as the hydrogen source. The selectivity of the
catalyst was investigated by shifting the counter anions: -BPh4, -Cl, -BF4 and PF6. The complexes
showed distinct behaviors for transfer hydrogenation through the substrates. The [Ru-NO][-BF4]
was suitable for ketones transfer hydrogenation at room temperature, while the exchange for –Cl
only enabled the conversion at 90 °C. The aldehydes could be efficiently reduced to alcohol at
70 °C using the -BPh4. On the other hand, the nitrosyl complex employing the -BF4 at 90 °C,
showed excellent activity for alkenes transfer hydrogenation. The scope of substrates was also
evaluated resulting in good to excellent yields.
In summary, the different complexes enable efficiently the chemoselectivity transfer
hydrogenation of functionalized substrates.
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Our group has recently reported that the Ir–Si bond in iridium(III) complexes with pyridine2-yloxy-dimethylsilyl and pyridine-2-yloxy-diisopropylsilyl ligands is in the 2.25–2.29 Å range and
may be viewed as an example of a base-assisted metal–silylene bond.[1] This shortening, suggest
a base-stabilized silylene character for these Ir–Si bonds, and therefore they could be represented
as 2-pyridone-stabilized iridium–silylene/silyl bonds.
In this regard, we have now found that the reaction of (4-methyl-pyridin-2iloxy)ditertbutylsilane (NSitBu-H) (1)[2] with rhodium(I) and iridium(I) precursors allows the obtention
of [M(H)(X)(κ2-NSi)(L)] (M = Rh, Ir; L = coe, PCy3, PH(tBu)2) complexes also with short M-Si (M =
Rh, Ir) bond distances (Figure 1). The reactivity and catalytic activity of such species in silylation
processes strongly depends on the metal. The aim of this work is to shed light on the nature of
the metal-silicon bond in Rh- and Ir-(NSitBu) species and on the reasons behind their different
chemical behavior.

Figure 1. Synthesis of M-(κ2-NSitBu) (M = Rh, Ir) complexes.
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Polydentate ligands and their complexes are of high interest to organometallic and organic
chemists, as they are widely and successfully applied in homogeneous catalysis. For example,
metal complexes of pincer ligands are very useful in the development of clean and sustainable
energy carriers.[1] On the other hand, a new methodology based on the use of achiral bidentate
ligands to design octahedral chiral-at-metal complexes has recently been developed. In both
cases, to provide a rational catalyst optimization, the smart design of stable and rigid
configurations is particularly important.[2]
In this work, we present several routes for the synthesis of chiral-at-ruthenium(II)
complexes
bearing
the
achiral
tripodal
ligand
N,N-bis[(pyridin-2-yl)methyl]-[2(diphenylphosphino)phenyl]methanamine acting as tetradentate ligand. In particular, the
octahedral complexes [RuCl2(κ4-N2N’P)] (1), [RuCl(κ4-N2N’P)(NCMe)][SbF6] (2) and [Ru(κ4N2N’P)(NCMe)2][SbF6]2 (3) are obtained in good yields with complete diastereoselectivity. Only
one single isomer is detected and isolated. The new compounds have been characterized by
analytical and spectroscopic methods and by the X-ray determination of the crystal structures of
the complexes 1-3. In addition, we have studied the behavior of complexes 2 and 3 as precatalysts in Diels-Alder reactions.
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Structure views of the cation of complexes 2 and 3
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Bifunctional platinum(II) complexes such as cisplatin, carboplatin and oxiplatin are well
known anticancer drugs as they form intrastrand adducts with the DNA. However, their drawbacks
show the need for alternative compounds which present a higher antitumor activity and less side
effects than bifunctional derivatives.[1] Thus, the incorporation of a metallocene in its structure,
such as ferrocene, can help to overcome Pt(II) complexes side effects because of its wide
bioactivity and the synergistic effect of the different metal sites.[2]
In this communication we present the synthesis of new monofunctional Pt(II) complexes
bearing 4-aminophenyl or 4-pyridyl ferrocenecarboxylate as a ligand. To obtain these compounds
two synthetic pathways were performed. In route A the mentioned esters were previously
prepared and then treated with the bifunctional complexes, meanwhile in method B the
monofunctional complex was formed by reaction with the corresponding aminoalcohol and
afterwards, the esterification reaction was carried out. Also, different silver salts were used to
evaluate their effect.[3] The compounds were characterized using multinuclear (1H, 13C and 195Pt)
NMR, IR spectroscopy and mass spectrometry.
The electrochemical behavior of the ferrocene precursors and the monofunctional
complexes was examined by cyclic (CV) and square (SWV) voltammetries using dichloromethane
and dimethylformamide as solvents.
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During the last decades, the interest in gold(I) alkynyl complexes has been increasing as a
consequence of their applications in different fields such as catalysis,[1] pharmaceuticals[2] and
photochemistry.[3] The combination of linear coordinated gold(I) complexes and both linearity and
π-unsaturated nature of the alkynyl ligand make these complexes interesting building blocks for
the construction of oligomers and polymers. The capability of gold atoms to make supramolecular
interactions with other d10 cations such as Cu(I) or Ag(I) and the versatility of the alkyne to be
functionalized with different chromophores make these compounds adequate candidates for the
development of OLED materials and electronic devices.
For this work, we have focused on the compound 9-(4-ethynylphenyl) carbazole, due to the
luminescent properties of the carbazole fragment.[4] Changes in the luminescence properties of
gold complexes featuring these fragments have been previously reported when conditions such
as solvent or temperature are modified.[5]
We have synthesized and studied the luminescence properties of carbazole-containing
alkynyl gold(I) complexes with different ancillary ligands such as phosphines, amines, isocyanides
and N-heterocyclic carbenes.
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Low-coordinate complexes of group 10 metals are implicated in many stoichiometric and
catalytic transformations involving the activation of unreactive bonds via oxidative addition.[1] On
this basis, these species are usually postulated as intermediates in a variety of catalytic
transformations that proceed through a M(0)/M(II) pathway, such as cross-coupling reactions and
C-H activation reactions. Due to their inherent air and moisture instability, a limited number of
PdL2 and PdLL’ (L = phosphanes; L’ = olefin, diene) complexes have been isolated and reported
to date.[2]
Herein, we present the synthesis and structural characterization of a series of PdL2[3] and
PdL(olefin) complexes (Figure 1), that contain dialkylterphenyl phosphane ligands, a class of
bulky and electron rich phosphanes prepared in our research group.[4] The structural features and
reactivity of these complexes are also discussed.

Figure 1. Structures of low-coordinate Pd(0) complexes described in this work.
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Iodine(III) compounds have been widely used in organic synthesis as powerful oxidants
and versatile group transfer reagents.[1, 2] The activation of iodine(III) compounds with iron
complexes offers a great opportunity to develop environmentally friendly bond-forming catalytic
reactions, due to the high abundance, low price and low toxicity of iron. Despite the potential use
of iron-catalyzed group transfer reactions in sustainable synthesis, the development of such
methodologies is hampered by the limited mechanistic understanding.
To fill this gap, we provide mechanistic insights into the activation of cyano l3-iodanes with
iron(II) and iron(III) complexes. Specifically, this work focuses on cyanobenziodoxolone (CBX)
and cyano-3,3-dimethyl-1,2-benziodoxole (CDBX) as iodine (III) reagents,[3, 4] which we show
react as cyano-transfer one-electron oxidants with iron complexes. Strikingly by the appropriate
selection of the ligand and the cyano l3-iodane we have accomplished the straightforward
synthesis of a highly electrophilic and uncommon FeIV cyanide complex, which is a very
challenging synthetic task due to its inherent thermal instability.xx The prepared FeIII and FeIV
cyanide complexes have been structurally characterized by single crystal X-ray diffraction and
their electronic structure has been examined by 57Fe Mössbauer, EPR spectroscopy, and
computational analyses.[5]
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It is a well-established assumption that traditional polar s-block organometallic chemistry
should always be performed under Schlenk-type reaction conditions, i.e., under inert atmosphere,
with rigorously dry aprotic solvents and at low temperatures. Conversely, the possibility of using
such organometallic derivatives under greener, aerobic/environmental conditions when using
sustainable reaction media has recently been described.[1]
Bearing these precedents in mind and our previous experience in the synthesis of
guanidines and amidines,[2] in this work, we describe the highly-efficient and selective fast addition
of in-situ generated lithium amides [LiN(H)R] (obtained via acid-base reaction between n-BuLi
and the desired amine) into carbodiimides (R-N=C=N-R) or nitriles (R-C≡N), in 2-MeTHF or
methylcyclopentylether as ethereal green solvents, at room temperature and in the absence of
protecting atmosphere. The correct selection of the employed synthetic methodology allows the
straightforward and successful synthesis of either guanidines or amidines, without the need of
isolation or purification steps of any halfway reaction intermediate. Finally, we were able to scale
up the reaction, thus proving that our new and environmentally friendly protocol is amenable for
a possible applied synthesis of these highly substituted iminic-type fine chemical products under
bench-type reaction conditions.
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The use of cyclopentadienyl ligands in organometallic chemistry is mainly due to their
robustness and spectator behavior in bond activations and catalysis. However, the number of
examples that evidence the non-innocence role of these ligands has increased over the years.[1]
Our group has recently described several systems that exhibit unprecedented modes of
cyclopentadienyl activation, in particular, for the widespread C5Me5 ligand (Cp*).[2] In one of this
examples, the combination of the Lewis basic [Cp*Rh(PMe3)2] with a family of Au(I) electrophilic
fragments revealed a new mode of Cp*[3] non-innocence consistent in the reversible hydride
migration from a methyl group to the rhodium site. Besides, this Rh(I)/Au(I) exhibit bimetallic
frustrated Lewis pair (FLP) reactivity.[4]
Encourage by these results, we are currently investigating different bimetallic combinations
in which we use Ir(I) compounds as the Lewis base components. In particular, we present herein
different sterically constrained Lewis acid/base combinations in which compounds of type
[Cp*Ir(PR3)2] act as the base, while bulky gold, boron or copper complexes with electrophilic
character are used as acids. We have evaluated both, the capacity of the latter species to facilitate
Cp* reactivity, as well as the formation of frustrated bimetallic systems with potential for
cooperative bond activation reactivity. A summary of the results contained in this work are
depicted in the Figure below. Overall, they evince the importance of controlling stereoelectronic
effects in the design of constrained bimetallic pairs in our search for novel ways of exploiting Cp*
non-innocence and designing metallic FLPs.
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Jones, V. L. Kuykendall, A. D. Selmeczy. Organometallics, 1991, 10, 1577.
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Titania (TiO2) is one of the most promising materials at present due to its wide range of
applications. However, it has some drawbacks due to the high percentage of recombination
between the electron-hole pairs, and the high electronic jump between the valence and
conduction bands (or bandgap) in any of its polymorphs (of about 3.2 eV), which only allows it to
capture 4-5% of the solar spectrum. To solve this problem and get Titania to activate under visible
light, there are different strategies. In particular, our groups have developed an in-situ method
has been used by co-condensation of the Titania precursor (titania tetrabutoxide, TBOT) together
with properly functionalized photosensitizers. This synthetic method consists of Sol-Gel
Coordination Chemistry, using mild reaction conditions; thus obtaining truly hybrid organotitania
materials, in which both organic[1] or organometallic[2] dyes are integrated within the Titania
crystalline structure, resulting in bandgap reduction and a hybrid material with very active and
stable photocatalytic properties.
For this purpose, in this communication, two hybrid organometallo-titania materials were
synthesized and their electronic structure studied. One of them from the complex [Ir(ppy)2(3,3’H2dcbpy)]PF6 (1, Figure 1) and the other material with the new complex [Ir(ppy)2(2,2’bicinchoninic)]PF6 (2, Figure 1). Finally, the comparison of their photocatalytic activity under
visible light in liquid-solid medium was carried out, studying the degradation of molecules of a
standard dye such as rhodamine 6G, and of other pollutant compounds that do not absorb visible
light, and that may be present in wastewater, thus contributing to its purification and
corresponding environmental benefit.

Figure 1.
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N-Heterocyclic Carbene (NHC) ligands have gained great interest in recent decades and
have now become powerful scaffolds with a multitude of applications in applied organometallic
chemistry. The development of new chiral biocompatible and potentially water-soluble NHC
precursors is an area of particular importance.[1] Recently, we have demonstrated the
antimicrobial activity of silver derivatives containing chiral ligands that used amino acids moieties
as source of chirality and biocompatibility.[2] Following our interest in this area, we decided to
explore the preparation of new biocompatible amino acid-derived NHC precursors. Here, we
present the synthesis of new imidazolium dicarboxylate compounds, through novel experimental
procedures, which show as novelty the presence of two different amino acid substituents. They
were alternatively isolated as zwitterionic neutral species or as tetrafluoroborate salts (Scheme
1). The reaction of some of these compounds with Ag2O in the presence of aqueous sodium
hydroxide affords bis(carbene) silver complexes of composition Na3[Ag(NHCR,R’)2] (see for
example Scheme 2). The new synthetic routes, the characterization and chemical properties of
these compounds will be discussed in this communication.

Scheme 1

Scheme 2
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The use of N-monoprotected amino acids (MPAAs, Figure 1 left) as ligands for coupling reactions
or hidrocarbons catalyzed with palladium complexes was initially reported by the group of J.-Q.
Yu.[1] MPAAs have been proposed to accelerate different C-H activation reactions via ligand
cooperation, participating in the C-H cleavage via a transition state such as that depicted in Figure
1 (right). However, there are several computational works that have suggested that the C-H bond
breaks by assistance of an external base, rather than by the ligand itself.[2] Another important
aspect is to determine the coordination mode of the MPAA to the metal, since there is a
controversy between the occurrence of a monomeric complex with a bidentate aminoacid[1,d] or a
dimeric aminoacid complex with carboxylate bridges as active species in the catalysis.[3]
The mechanistic investigations in our group focused on the pyridone-type ligand [2,2′-bipyridin]6(1H)-one proved for the first time the cooperating role of a ligand in the direct functionalization
of arenes, i.e. that its deprotonated form, when coordinated to Pd, is able to directly activate C‒
H bonds.[4] The experience acquired in these studies has been useful to prepare potential
intermediates that are involved in the reactions with MPAAs. Several palladium complexes with
aminoacids in a bidentate coordination mode have been prepared. The study of their
decomposition has allowed us to determine their cooperative character in the CH activation. Both
this cooperation and the coordination modes of the aminoacids when bound to the metal are
aspects of great interest due to the wide use that these ligands have achieved.

Figure 1. One of the proposed binding mode of MPAAs to a Pd(II) catalyst (left). Cooperation of
the MPAA ligand in the C-H activation step (right).
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The use of non-steroidal anti-inflammatory drugs (NSAIDs) as chemopreventive agents for
cancer has increased in importance in recent years, particularly those related to the
gastrointestinal tract. [1]
The enzyme cyclooxygenase COX-2, which is involved in inflammatory reactions that can
lead to tumorigenesis, is considered as one of the therapeutic target of NSAIDs.[2] Recent studies
have shown that modification of the structure of NSAIDs and their coordination to metal centers
can improve their selectivity towards cyclooxygenases (COX-1/COX-2), being also able to inhibit
lipoxygenase (LOX) enzymes. [3] However, these systems have never been studied using gold(I)
as the metal center.
Thus, the main objective of this work is focused on the preparation of new gold(I)
complexes with NSAID moieties and the study of their biological properties.
For this purpose, the carboxyl group of the NSAIDs molecules has been functionalized
following different strategies (Scheme 1). The first one consists on the introduction of a propargyl
group into the NSAID structure and the subsequent coordination to the gold(I) metal center.
The second strategy was the coupling of an amino acid such as methionine, followed by
coordination to the gold(I) center.

Scheme1
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The transition-metal-catalyzed [2 + 2 + 2] cycloaddition of alkynes is a remarkable atom
economy process that provides the formation of highly substitute benzene derivatives in a single
operation, using readily available starting materials.[1] The seminal work of Reppe and coworkers[2] in the cyclopolymerization of acetylene highlighted the pivotal role of nickel complexes
in this transformation. The excellent reactivity, wide functional group tolerance and relatively low
cost of nickel catalysts make them attractive from an industrial viewpoint.
Nickel complexes stabilized by N-heterocyclic carbene ligands (NHCs) have been largely
applied as catalyst in cycloaddition reactions.[3] The steric bulk and increased -donor properties
of NHCs ligands are key features for achieving high levels selectivity and efficiency under mild
reaction conditions.
In this communication, we describe the synthesis and the structural characterization of
bis-phosphane Ni(0) compounds stabilized by bulky, electron-rich dimethylterphenyl phosphane
ligands.[4] Their behavior towards coordination of internal and terminal alkynes and their catalytic
performance in [2 + 2 + 2] cycloaddition of alkynes is presented (Figure 1).

Figure 1. Complexes and catalytic reaction described in this work.
References
[1] (a) K. Tanaka, Transition-Metal-Mediated Aromatic Ring Constructions, Jonh Wiley & Sons,
Inc., Hoboke, NJ, 2013; (b) Roglans, A.; Pla-Quintana A.; Solà, M. Chem. Rev. 2021,121, 1894–
1979.
[2] W. Reppe, O.Schlichting, K. Kalger, T. Toepel Liebigs. Ann. 1948, 560, 1-92.
[3] A. Thakur, J. Louie, Acc. Chem. Res. 2015, 48, 2354– 2365.
[4] M. T. Martín, M. Marín, R. J. Rama, C. Maya, E. Álvarez, F. Molina, M. C. Nicasio, Chem.
Commun. 2021, 57, 3083-3086.

1011

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-471

TWO COPPER-CARBENES FROM ONE DIAZO COMPOUND
María Álvareza, Francisco Molinaa, Tomás R. Belderraina and Pedro J. Péreza
a
Laboratorio de Catálisis Homogénea,Unidad Asociada al CSIC, CIQSO-Centro de
Investigaciónen Química Sostenible and Departamento de Química,Universidad de Huelva,
21007 Huelva, Spain.

e-mail: maria.alvarez@dqcm.uhu.es
Keywords: carbene, copper, diazoacetamide, decarbonilation
Metal-catalyzed carbene transfer constitutes one of the most employed strategies for the
functionalization of a wide number of organic substrates.[1] The generation of metal-carbene
species from a metal complex of the general formula MLn and diazocompounds (N2═CR1R2)
provides an easy access to LnM═CR1R2 intermediates, capable of transferring the carbene unit
(:CR1R2). In all these processes, such unit remains unaltered after nitrogen extrusion from the
diazo precursor. At variance with that, we have now isolated and characterized[2] the
monosubstituted copper-carbene complex TpMsCu═C(H)(NEt2), that is formed by reaction of
TpMsCu(THF) and N,N-diethyl diazoacetamide [N2═C(H)(CONEt2)], upon a decarbonylation
process from the initially generated TpMsCu═C(H)(CONEt2) species, whereas carbon monoxide
is trapped leading to TpMsCu(CO). The participation of TpMsCu═C(H)(CONEt2) in the reaction
mixture is evidenced from the formation of products derived from the intramolecular carbene
insertion into C-H bonds providing the corresponding functionalization products.
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Over the past few years, Cp*CoIII catalysts have shown their tremendous potential in
directed C–H functionalization reactions, especially involving electrophiles as coupling partners.[1]
In sharp contrast, methodologies based on the coupling with nucleophiles remain extremely
scarce.[2] Intrigued by this synthetic scenario, we have explored the organometallic intricacies of
these processes by merging experimental and computational approaches. Contrary to previous
mechanistic proposals, our work exposes the existence of oxidatively induced C–Nuc reductive
eliminations (ORE), via high-valent Cp*Co species, that can be triggered under chemical or
electrochemical conditions.[3]
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Ligand design plays a preeminent role in organometallic chemistry. Obtaining the desired
properties of an organometallic compound often depends on the judicious selection of the stereoelectronic features of the ligands. In the present work it is revealed how the preparation and
properties of transition metal frustrated Lewis pairs (TMFLPs) are determined by the nature of the
ligands employed.
Frustrated Lewis pairs (FLPs) are intra- or inter-molecular systems in which a Lewis acid
and a Lewis base do not yield the classical Lewis acid/base adduct because of steric and/or
electronic factors.[1] The interest of this type of compound lies in the novel cooperative reactivity
between their acidic and basic components that encompasses a variety of stoichiometric and
catalytic molecular activation processes. In the first reported examples, the roles of Lewis acid
and Lewis base were played by main group elements[2] but the potential of these systems strongly
increased with the incorporation of components based on transition metals resulting in the socalled TMFLPs.[3]
For some FLP systems, the equilibrium between the dissociated acid and base and the
classical Lewis acid/base adduct was detected. Interestingly, FLP reactivity has been observed
even when the equilibrium was almost completely shifted toward the classical Lewis acid-base
adduct, provided that the dissociated state was thermally accessible.[4] To refer to the involved
FLPs, the qualifying term “masked” was introduced.[5]
Here we describe the preparation of the pyridinyl-guanidine compounds H2L1 and H2L2
(Figure 1) and their application as ligands to the synthesis of new TMFLP compounds. Likewise,
a detailed analysis of the structural features of these compounds that allow them to give rise to
half-sandwich compounds of rhodium and iridium with FLP properties will be carried out. Some
examples of the FLP reactivity of these organometallic compounds are also reported.

H2L1
H2L2
Figure 1. Pyridinyl-guanidine ligands
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In the last decades, plastic crystals (PCs), materials with a phase transition from an ordered
state to a state that possess some orientational or conformational degree of freedom, have been
intensively studied for their interesting functional properties,[1] such as ferroelectricity, fast ion
conductors and thermal energy storage.[2]
In this context, we have recently reported that the organic-inorganic hybrid plastic crystal
[(CH₃)₃S][FeCl4] exhibits a first-order phase transition with a relatively large latent heat (≈ 40 kJ
kg-1) and a large and sharp change in dielectric permittivity.[3] Therefore, these hybrid
halometallate plastic crystals can be useful for both thermal energy storage and electrical energy
storage in capacitors, and it is one of the scarce examples of multienergy storage materials.
In the search for new plastic crystals with potential capability to be multifunctional materials,
we explored new combinations of different building-blocks, in order to optimize their properties.
We focused on a hybrid organic-inorganic plastic crystal with the formula [(CH3)3NOH]2MnCl4.
The synthesis of this compound is relatively simple, and it can be
obtained as a single phase by slow evaporation of solutions of the ionic
species. It was characterized by different techniques, and its thermal,
electrical and optical properties were studied. Thermal stability was studied
by thermogravimetric analysis (TGA). It was observed, using differential
scanning calorimetry (DSC), that this compound exhibits a phase transition
at Tt  330 K. Additionally, it displays a sharp change in dielectric permittivity
associated to the observed phase transition. Very remarkably, this material is
photoluminescent (Fig. 1), showing an intense red emission. This property
was characterized through UV-Vis emission spectroscopy.
In conclusion, the coexistence of thermal, dielectric and optical
properties was observed in this new hybrid plastic crystal, which makes it a
new member of the family of the emerging multifunctional halometallate
materials.

Fig. 1. The compound
[(CH3)3NOH]2MnCl4
emitting under UV light.
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Tuning and rationalizing the macroscopic performance of nanostructured, multimetallic, oxides
strongly depend on controlling and understanding, respectively, the ultimate features of their oxygen
sublattice. A variety of imaging tools are currently available in state-of-the-art, aberration-corrected
electron microscopes to unveil the structural features of oxygen lattices with atomic resolution, like
negative-Cs High Resolution Electron Microscopy (HRTEM), Annular Bright Field Scanning
Transmission Electron Microscopy (STEM-ABF), Energy Loss Spectroscopy Chemical Imaging
(EELS-CI) or, more recently, Integrated Differential Phase Contrast imaging in STEM (STEM-iDPC)[1].
These can be also used, at qualitative level, to judge about the occurrence of local modifications in the
oxygen content. However, quantifying with high accuracy and spatial resolution (e.g. at subnanometric
scale), the actual oxygen content is far from being properly solved in the case of metallic nano-oxides,
particularly in those cases where the sample is prone to being damaged by high energy electrons.
Conventional quantification methods, based on the so-called Cliff-Lorimer or k factors, fail to
provide accurate oxygen quantifications, due to absorption effects which are not negligible even in the
case of quite small or thin nanostructures. The use of the so-called -factors method allows to
overcome this limitation. [2] Nevertheless, this approach requires determining a-priori, using the
procedures detailed by Watanabe et al. [2], the set of -factors involved in the specific problem, which
is not in principle a trivial work.
In this contribution we have first developed a novel, more amenable, approach to implement the
-factors method by combining 3D reconstructions of High Angle Annular Dark Field (HAADF) Electron
Tomography experiments with high resolution chemical maps obtained by X-Ray Dispersive
Spectroscopy in STEM mode (STEM-XEDS). Using this tool on time series of chemical maps, recorded
on individual nanorods of a K0.12MnO2- oxide with hollandite-type structure, we have followed the
evolution of the O/Mn ratio with exposure under the electron flux. Modelling the kinetics of the beaminduced reduction process, it has been possible to precisely determine the oxygen stoichiometry of
pristine local areas of these nanostructures. The full agreement with values determined at macroscopic
level by Neutron Diffraction and Temperature Reduction experiments under hydrogen validated the
new methodology.
The detailed analysis of a series of experiments performed at increasing electron doses allowed
us to reveal that oxygen evolution takes place in consecutive steps, each one involving the removal of
1/6 of the most labile oxygen positions in the structure. Moreover, using this information it has been
possible to propose an alternative, more precise rationalization of all the stages involved in the
interaction of these oxides with hydrogen at increasing temperatures.
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If a single molecule could be used to encode binary information, then vast increases in data
storage density could be achieved with respect to traditional media. Single molecule magnets
(SMMs) are transition metal coordination compounds that can retain magnetization for long
periods of time in the absence of an external magnetic field, below a certain temperature known
as blocking temperature (TB). Their exceptional properties make them suitable candidates for
potential future applications in molecular spintronic, in ultra-high-density data storage, and as spin
qubits in quantum information technologies. It has been possible to prepare DyIII SMMs with TB
close to (60 K)[1,2] or even above (80 K)[3] that of liquid nitrogen, which paves the way towards the
commercial use of these molecules in technological applications. However, these recent DyIII
SMMs are extremely air and water-unstable, which prevents them from being commercially
practical for data servers.
We report here the synthesis and characterization of a new water and air-stable DyIII
coordination compound (Fig. 1) with a pentagonal bipyramidal geometry, which behaves as
Single Molecule Magnet (SMM) at zero field and shows a “magnetic memory effect” below 10 K
(TB), which is quite high for water/air-stable SMMs. The hysteresis loop data confirms that the
compound exhibit remanent magnetization and coercive field at zero field (Fig. 1). In this SMM,
the di(1-adamantyl)benzylphosphine oxide ligand, which has a larger electronic density on the
oxygen atom, occupies axial positions, creating a considerably strong axial crystal-field, while
water molecules and one bromide are located in equatorial positions.

Figure 1. Hysteresis plot (left) and structure (right). Hydrogen atoms are
omitted for clarity.
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As it is well-known, the term perovskite is used to refer to a vast number of compounds
with general formula ABX3, whose structure consists of a three-dimensional array of corner
sharing [BX6] octahedra with the larger A cation occupying the 12-coordinated cubooctahedral
cavities of the 3D network. Traditionally these compounds were inorganic materials with A=
lanthanide, alkaline-earth cations, etc.; B= transition metal cations; X= O2-, S2-, halide ions, etc.)
among them, for example, the very large and outstanding family of ABO3 perovskites.[1]
In 1923, Goldschmidt introduced the concept of tolerance factor[2], t = (rA+rB)/(√2(rB+rX)),
which relates the ionic size of the different ions of the structure (considered as hard spheres) to
explain and anticipate the formation of compounds with perovskite structure. Goldschmidt found
that for values of t = [0.8 - 1], the perovskite structure is highly likely to be formed (in a cubic
symmetry for t > 0.9, and with some structural distortions for t < 0.9). Outside of this range, ilmenite
(t < 0.8) or hexagonal structures (t > 1) are expected.
More recently, ABX3 hybrid organic-inorganic perovskites, where A are organic cations
such as alkyl/aryl-ammonium and X are halides or bridging polyatomic ligands such as HCOO-,
N3-, N(CN)2-, are being developed and intensively investigated in view of their multifunctional
properties (such as optoelectronic, dielectric, magnetic, multiferroic and barocaloric properties).[3]
In turn, the tolerance factor as guiding rule for their design and development is again very useful.
In that regard, Cheetham et al. have recently adapted the tolerance factor to hybrid
perovskites, considering the organic A-cations as rigid spheres with a given ionic radii (estimated
from the center of mass to the outer atom of the cation), and the X-ligands as rigid cylinders.
However, this approximation finds some limitations to estimate a precise size for the A-cations,
especially when they are asymmetric, and/or can share cavities.[4]
In this work, we make a further refinement of the tolerance factor to correctly account for
such situations. For that purpose, we make use of an open-access software to calculate the
volume of the A-cations as a function of their electron density isosurface. This new approach is
especially useful for dicyanamide-perovskites AB(dca)3 which, due to the length and
characteristics of the X-anion, have very large and flexible cavities which can allocate rather
complex and big A-cations. Using this new approximation, we have discovered that dicyanamide
compounds, initially excluded by the previous approximations of tolerance factor, can be formed
with perovskite structure, as also evidenced by experimental studies.[5]
In conclusion, we propose a new approach for the estimation of the tolerance factor in
hybrid perovskites in general, and in dicyanamide-perovskites in particular, which will help
towards the discovery and design of new hybrid materials with complex asymmetric A-cations.
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The chemistry of three-membered unsaturated rings (3MURs) has been an important field
of study for theoreticians and experimentalists for decades. Their peculiar geometrical features
lie in the inherent high ring strain energy (RSE) and the presence of unsaturated bonds and
heteroatom, which introduce (de)stabilizing factors such as lone-pair repulsion, σ-aromaticity,
delocalization and rehybridization. Furthermore, they are a source of starting materials for the
synthesis of a wide range of other, more complex substances.[1]
In the study of 3MURs containing one group 13-16 heteroatom, the essential concept of
(anti)aromaticity in chemistry comes into play. Thus, stable and aromatic 2π-electron rings can
be found, such as 1H-borirene, whereas the unexpected stability of 1H-silirene can be attributed
to some aromaticity.[2] On the contrary, some antiaromatic character is observed in 1Hpnictogenirenes. No less interesting is 1H-oxirene, whose structure with C2v or Cs symmetry has
been the subject of debate, as well as the rather unstable 1H-thiirene which was the first
antiaromatic (4π electrons) heterocycle prepared.[3]
In the present work, we report RSE data obtained from evaluation (DLPNO-CCSD(T)/def2TZVPP//B3LYP-D3/def2-TZVP(ecp)) of appropriate homodesmotic reactions[4] for parent rings
(CH)2X, where X is a group 13-16 element (Figure 1), with its most characteristic covalency (3, 4,
3 and 2 for groups 13-16, respectively) completed by H-bonds, and designated as 1El ("El" refers
to the heavy element of group X). In addition, a discussion of possible factors affecting ring
deformation as well as (anti)aromaticity in each case is presented. The 2H isomers 2El have also
been studied, although only those with pnictogen heteroatoms have been found as stable species.

Figure 1. 1H- (1) and 2H-unsaturated (2) three-membered heterocycles studied.

References
[1] (a) K. B. Wiberg. Angew. Chem. 1986, 25, 312–322; (b) F. Liu, R. S. Paton, et al. J. Am. Chem.
Soc. 2013, 135, 15642-15649.
[2] (a) N. Galland, et al. Chem. Phys. 1998, 230, 143-151; (b) J.-C. Barthelat, et al. J. Am. Chem.
Soc. 1979, 101, 3785-3789.
[3] (a) B. Andes Hess Jr, et al. J. Am. Chem. Soc. 1980, 102, 2507-2508; (b) G. Vacek, et al.
Chem. Phys. Lett. 1991, 177, 468-470.
[4] A. Rey Planells, A. Espinosa Ferao, Inorg. Chem. 2020, 59, 11503−11513.

1020

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-481

CALCIUM PHOSPATE NANOPARTICLES FOR PRECISION AGRICULTURE
José M. Delgado-López, Gloria B. Ramírez-Rodríguez and Belén Parra-Torrejón
Department of Inorganic Chemistry, University of Granada, Faculty of Science, Av. Fuente
Nueva, s/n, 18071, Granada, Spain
e-mail: jmdl@ugr.es
Keywords: Nanotechnology, Calcium phosphate nanoparticles, fertilizer, precision agriculture,
sustainability.
The current environmental-damage, climate change, increasing populations and
declining soil quality are challenging global food security triggering to the dire need of developing
sustainable agriculture techniques. Among them, nanotechnology has resulted a potential tool to
achieve precision agriculture by improving crop yields and quality at reduced agrochemical
dosages.[1] Thus, the use of nanotechnology in agriculture is highlighted by the possibility of
designing nanomaterials in accordance to plant targets or needs, the capacity of controlling
release kinetics of bioactive compounds, the protective effects against harsh environmental
conditions, better soil health and plant resilience and above all, the reduction of required
agrochemical amounts.[1,2]
Within nanomaterials, calcium phosphate nanoparticles (CaP) as biomimetic apatite (Ap)
and its transition phase, amorphous calcium phosphate (ACP) are promising nanocarriers
towards more efficient and sustainable agrochemical practices. Besides their biodegradability,
biocompatibility and their composition (mainly Ca and P, two relevant plant nutrients), the
possibility of hosting foreign species such as ions (i.e. NO3-, Zn2+, K+) or organic molecules (i.e.,
urea, methyl jasmonate, humic acid) make these nanoparticles an important source of plant
nutrients, either as fertilizer or elicitor forms.[3-6] On the other hand, partial solubility of calcium
phosphate nanoparticles avoid the lixiviation of compounds remaining longer time available for
plants and reducing their impact in nature.
Our research group is engineering calcium phosphate nanoparticles as smart
nanomaterials for the controlled delivery of agrochemicals according to the term ‘precision
agriculture.[4-6] We synthesized multinutrient nanofertilizers that allows a gradual release of
nutrients (NPK).This produces a considerable reduction of nitrogen dosage of 40% in wheat and
of 15 times in grapes.[5,6] Furthermore, we developed a nanoelicitor through the functionalization
of ACP nanoparticles with methyl jasmonate. This nanoelicitor provided protective effect against
thermal degradation and offered a gradual release. Thanks to these improvements, we reduced
10 times the elicitor quantity in in vivo Monastrell vineyards while maintaining the quality of the
grapes.[6]
To sum up, engineering calcium phosphate nanoparticles and its properties enhance
agrochemical effects in terms of efficiency, consolidating them as a potential treatment for
precision agriculture.
This research was funded by the Spanish Research Agency (AEI/MCIU/FEDER)
through the projects, NanoSmart (RYC-2016-21042) and NanoVIT (RTI-2018-09579) and by
Junta de Andalucía (project NanoFerti (P18-TP-969)).
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Platinum (II) complexes with C,N-cyclometalated ligands have been extensively studied
due to their luminescent properties and their potential applications, mainly as OLED dopants [1].
In this work, new Pt (II) dinuclear complexes of stoichiometry [{Pt(C^N)(µ-N^S)}2] (HC^N= 1naphthalen-2-yl-1H-pyrazole; HN^S: 2-mercaptopyrimidine (Hpyrt) 1, 4-(trifluoromethyl)-2mercaptopyrimidine (Htfmpyrt) 2 and 2-mercapto-1-methylimidazole (Hmimz) 3) with “doubledecker” structure, were selectively obtained as a single isomer, from [Pt(C^N)Cl(NCMe)] (A) or
[Pt(C^N)Cl(Hmimz)] (B). The single-crystal X-ray structures of the complexes [{Pt(C^N)(µtfmpyrt)}2] (2) and [{Pt(C^N)(µ-mimz)}2] (3) show that the C^N groups are in anti-arrangement.
These structures show rather short Pt(II)···Pt(II) distances (2.8684 (2) Å, 2 and 2.9617 (3) Å, 3),
indicating the existence of metallophilic interactions (Figure 1).
The luminescence properties and the UV-vis spectra of 1-3 were measured in solid state
and were explained with the aid of theoretical calculations on complexes 1 and 2 (Figure 2). They
showed that the HOMO is basically a dσ*(Pt)2, due to the interaction of the dz2 orbitals of the
platinum centers located in close proximity. The LUMO is located basically in the bridging ligands
N^S. Therefore, the lowest-energy absorption is due to the HOMO → LUMO transition, 1MMLCT
1
[dσ* (Pt)2 → π* (N^S)] in nature, and the energy should be influenced by both the extent of the
Pt-Pt interactions and the nature of the bridging ligand.

Figure 1. Molecular structure of 2.

Figure 2. Normalized absorption spectra for 1-3
in solid state. Representation of HOMO and
LUMO orbitals for complex 1.
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Sonocrystallization, the application of ultrasound in the crystallization process, is receiving
growing interest since it is able to increase nucleation rate, reducing the nucleation induction time
and, therefore, the metastable zone width, while improving crystal quality and reaching more
homogeneous size distribution [2].
However, there is a lack of systematic studies on the influence of the many tunable
parameters which may help to modulate its influence and to establish the rationale behind its
effect. On the other hand, all the published studies have been carried out using a sub-optimal setup and always under the influence of gravity (sedimentation and convection mass transport) or
even under force flow hindering the interpretation of the results [3].
In this work, we aim to design an optimal set-up to carefully study the influence of an
external ultrasound wave able to be scale-up. In order to avoid sedimentation and convection, we
include agarose hydrogel. For the proper experiments, a specific US-bioreactor was designed
allowing the ultrasound wave to fully incidence into the samples while avoiding other external
undesired factors to influence the crystallization i.e. increase of temperature, etc. After choosing
a set of conditions we focused on the study of the influence of ultrasound at different agarose
concentrations. Our results also shown that above a threshold concentration of agarose the
ultrasound effect is deflected probably due to the damping effect of agarose fibers. The results
obtained by this setup are statistically significant and predictive.
References
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Acta Crystallographica Section F: Structural Biology Communications 70 (1): 2–20.
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Ultrasonics Sonochemistry 63 (November 2019): 104975.
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EXCITED STATE INTRAMOLECULAR PROTON TRANSFER (ESIPT) IN
2-(2′-HYDROXYPHENYL)PYRIMIDINES: SYNTHESIS, OPTICAL
PROPERTIES, AND THEORETICAL STUDIES
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The phenomenon of excited state intramolecular proton transfer (ESIPT) arouses a great
interest from a spectroscopic and theoretical point of view since it is a key process in different
chemical and biological systems.[1,2] In addition, the development of photoswitchable organic
molecules based on ESIPT has produced a great attention due to their potential applications as
fluorescent chemical sensors. Here we present a series of original 2-(2′-hydroxyphenyl)
pyrimidines which showed very little or null photoluminescence both in solution and in the solid
state. The absence of emission can be explained by a fast proton transfer yielding an excited
tautomer that deactivates through a non-radiative pathway. In order to confirm our hypothesis and
the key role of the OH group in the emission quenching, we prepared 2′-unsubstituted derivatives,
all of which exhibited violet or blue luminescence. The protonation of the pyrimidine ring by
addition of trifluoroacetic acid inhibited the ESIPT process causing a reversible switch on
fluorescence response detectable by the naked eye. Furthermore, this acidochromic behavior
allows 2-(2′-hydroxyphenyl)pyrimidines to be used as solid-state acid-base vapor sensors and
anti-counterfeiting agents. Single crystals of some compounds suitable for X-ray diffraction
analysis were obtained which let us to investigate inter and intramolecular interactions and
molecular ordering in solid state. The experimental study was completed by a thorough Density
Functional Theory (DFT) and Time Dependent (TD-DFT) study at the M06-2X/6-31+G** level of
theory to rationalize the experimental observations and to understand the impact of protonation
on the photophysical properties of these compounds.
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EXOTIC ORBITAL TOPOLOGIES THROUGH MOLECULAR DESIGN:
COMBINED EXPERIMENTAL AND THEORETICAL ASSESSMENT OF
HELICAL AND SPIROCONJUGATED MOLECULAR ORBITALS
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Great effort has been dedicated to the theoretical
exploration of helical and spiroconjugated molecular orbitals,
however, experimental studies have been hindered by the
instability of the systems under consideration. In this regard,
we have demonstrated theoretically and experimentally that
spirobifluorenes are valuable building blocks for the
construction of robust chiroptical systems.[1,2] Particularly, we
have recently developed systems featuring distinct helical
molecular orbitals that present high thermal and photo
stabilities.[3] The strategy is based on the use of
conformationally locked macrocycles combining acetylenes
with chiral spirobifluorenes. In these systems the tailored
torsion angle between aromatic groups attached to butadiyne moieties is essential to both enable
the emergence of helical molecular orbitals and to provide a remarkable energy difference
between molecular orbitals of opposite helicities.
We have also studied spiroconjugation in
acyclic systems. This through-space orbital
interaction between orthogonal -systems, implies
the presence of a stabilized spiro-bonding and a
destabilized spiro-antibonding molecular orbitals
energetically separated by the spiro-splitting.[4] In
order to better understand this phenomenon, we
have tailored spirobifluorenes via peripheral
functionalization. Our theoretical and experimental
assessment concluded that spiroconjugation may
have a clear implication on reactivity and can be ON
or OFF depending on the electron character of the
substituents. Also, even when no clear experimental
implications were found, the spiroconjugated
molecular orbitals are dominant on the main electronic transitions responsible of the optical and
chiroptical responses of the systems under evaluation (submitted).
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EXPLORING THE STRUCTURE OF REDOX ACTIVE LIGAND
FUNCTIONALIZATION IN LOW SATURATED ZR-MOF USING
VIBRATIONAL SPECTROSCOPY
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Zirconium Metal-Organic Frameworks (Zr-MOFs) are robust crystalline porous platforms
composed of molecular constituents. The decoration of Zr-MOF clusters with functional organic
molecules is an appealing route to harness the surface and chemical properties of these materials
for ultimate applications.[1] Although the post-synthetic protocols to decorate zirconia clusters
with organic groups are well stablished, there is still a lack of true understanding about the impact
of such a kind of modifications on the structure of the zirconia clusters at the local scale. By
combining infrared spectroscopy experiments and first-principles calculations of whole vibrational
spectrum, we follow the chemical activation and decoration of MOF-808 with two catecholbenzoate ligands. Furthermore, we apply advanced synchrotron characterization tools, such as
Pair Distribution Function analyses [2] and X-ray Absorption spectroscopy, [3] to resolve the
atomic structure of single metal sites incorporated to the catechol groups post-synthetically.
Finally, we demonstrate the catalytic activity of DHBA-MOF-808 decorated with copper single
sites for 1,3-dipolar cycloadditions.
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IDENTIFICATION AND CHARACTERIZATION OF MICROPLASTICS BY
ATR-FITR, ELECTRON AND OPTICAL MICROSCOPY TECHNIQUES
Dulce Soliza, Gema Paniaguaa, Juan Carlos Bravoa, Rosa Mª Garcinuñoa and Pilar Fernandeza
Universidad Nacional de Educación a Distancia
dsoliz1@alumno.uned.es
Keywords: Microplastics identification, ATR-FITR, Optical microscopy, SEM
One of the great problems of the 21st century is the excessive and growing production of plastics,
both because of its excellent characteristics: easy production, durability, light and very versatility,
beside its low cost [1]. However, most of them are not biodegradable and end up being dumped
into terrestrial or marine ecosystems, causing very high pollution. This contamination is
aggravated by various processes (ultraviolet radiation, abrasion, heat, etc.) that convert them into
small fragments called microplastics, which can not only harm marine animals by mistaking these
small particles for food and directly ingesting them, but can also be transferred through the food
chain, reaching humans when consuming these species [2].
The smaller the size of these contaminants, the more difficult it is to identify them. Despite the
numerous studies carried out on this contamination, its magnitude is unknown. Therefore, it is
necessary to identify and quantify the pollution produced by microplastics, their ecological effects
and the risk to the environment and human health.
Knowledge of the type of microplastic represents a great advance in the control of this
contamination, being very useful to indicate its resistance, durability in the environment and its
degradability. However, there is currently a lack of standardized methodologies for the
identification and quantification of microplastics.
Therefore, this work aims to identify the most used types of microplastics that come from elements
commonly used in daily life (PETE, PVC, PP, PS, PE, HDPE, LDPE, Nylon, PTFE and PC). These
plastics were cut into microscopic sizes and analyzed using different analytical techniques such
as Fourier transform infrared spectroscopy with attenuated (ATR-FITR), scanning electron
microscopy (SEM) and optical microcopy (OM) by using different stains to enhance visualization
under this microscope. Optical microscopy was applied to samples stained with different dyes to
establish the effect and the change in appearance of the microplastics when stained. The three
techniques used turned out to be complementary methods, which allowed a more precise
identification of the different microplastics and even nanoplastics, ensuring the identity of the
polymers found in the environment.
References
[1] X. Chen, N. Yan. Mater. Today Sustain. 2020, 7-8, 100031-100037.
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INFLUENCE OF MEDIA SYNTHESIS AND THERMAL POST-TREATMENTS
ON THE PROPERTIES OF Ni/Al LDHs
A. Misol, A. Jiménez, J. Durán, F. M. Labajos, and V. Rives
GIR-QUESCAT, Dpto. Química Inorgánica, Univ. Salamanca, 37008 Salamanca, Spain.
e-mail: alex_aspa6@usal.es
Keywords: LDHs, Hydrotalcite, amines, MW treatment, particle size.
Layered Double Hydroxides (LDHs) or hydrotalcite-like compounds are solids with the
general formula [M2+1-xM3+x(OH)2] An-x/n · mH2O, formed by octahedral sheets in a layered
structure with anions in the interlayer space [1]. Their properties are related to the factors involved
in its synthesis. Thus, in the co-precipitation method [1], variables such as the pH of the medium
and the precipitation rate define the morphologic and textural characteristics of the solids
obtained. In this way, LDHs have several applications in the industries. So that, LDHs with small
particle size could be used as nanofiller, providing a larger dispersion and modifying the thermal,
electrical and optical properties of the final nanocomposite [2].
In this work, LDHs with a Ni2+/Al3+ molar ratio 3/1 were synthetized by co-precipitation from
precursor nitrate salts of the corresponding cations. Our aim is to study how the nature of media
and the post-synthesis hydrothermal treatment affect the properties of the solid obtained. The
basic media was obtained using NaOH and dimethylamine (DMA) as precipitating agents. The
solids were heated under microwave (MW) treatment for 60, 180 and 300 min. All solids were
characterized by XRD, FT-IR, TG-DTA, particle size distribution and surface area measurements.
Results obtained from XRD indicate that polycrystalline compounds with a hydrotalcite-like
structure were obtained with a slight increase of the crystal size after the hydrothermal treatment.
The solids precipitated with DMA showed distributions with particles smaller than those
precipitated only with NaOH. Furthermore, the application of an ultrasounds (US) treatment in the
solids precipitated with DMA shows an aggregation of the particles in the solids without and with
a short time of MW treatment, which are easily disaggregated. As MW treatment time increases
in the solids precipitated with DMA, the particle size becomes smaller and no aggregates are
observed. This non-aggregation of the particles gives a great increase in the Specific Surface
Area in the solids precipitated with DMA and a long period of hydrothermal treatment.
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LUMINESCENT-MAGNETIC BIFUNCTIONAL MATERIALS FOR DESEASE
TREATMENT AND TEMPERATURE SENSING
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In the recent years, there has been a growing interest in the study of materials with small
percentages of lanthanide ions in their composition. This fact is due to its excellent optical
properties and their potential use in biomedical applications such as bioimaging or in vivo
thermometry[1-2]. If the host lattice is stable and optically inert, it is possible to study the emissions
of the inserted lanthanide ions. The yttrium orthovanadate (YVO4) lattice is one of the best for
their incorporation. It offers good mechanical resistance, is stable to a large temperature range
and appears to be more biocompatible than NaYF4 type fluorides, which to date have been the
most widely used for these purposes[3]. In addition, the good location of lanthanide ions in low
symmetry positions of the lattice enables fluorescence and up-conversion to occur after
photoexcitation, as a result of electronic transitions that occur between the 4f-4f and 4f-5d energy
levels[4].
On the other hand, superparamagnetic Fe3O4 nanoparticles with a spinel structure-type
are receiving much attention for their use in the treatment of cancer cells by magnetic
hyperthermia [5], which consists of using an alternating magnetic field to locally eliminate the
tumors by heating. One of the problems with this treatment is the difficulty of accurately measuring
the temperature reached by the body when applying the magnetic field, which is extremely
important because above 48 ºC healthy cells begin to suffer irreversible damage[6]. The synthesis
of samples that are mixtures of orthovanadates doped with lanthanides and Fe3O4 could solve
this problem. The aim is to synthesize nanocomposites consisting of magnetic and fluorescent
cores of orthovanadates doped and co-doped with lanthanide ions that allow both the visualization
of diseased cells and the measurement of their temperature in real time[7]. Furthermore, in the
case of samples incorporating co-doped orthovanadates, for example, of ytterbium and erbium,
radiation emissions at longer wavelengths can be achieved after their photoexcitation with near
infrared radiation (a process called up-conversion). Unlike ultraviolet light, infrared radiation is not
harmful and it is not absorbed by biological tissues, so it is more penetrating[8]. These systems
can also be synthesized using coatings that eliminate surface defects with increased emission
intensity and increased biocompatibility.
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Emerging contaminants are chemical substances characterized by a perceived or veridical
threat to the environment or human health with a lack of published health criteria. Mesoporous
materials are widespread studied for separation and purification purposes. Among these porous
materials, metal- organic frameworks (MOFs) are of great interest because these compounds
could be designed to precisely tailor their structures and pores, and consequently, they can offer
an accurate control of the adsorption capacity and selectivity of contaminants. Composites are
able to maintain adsorption capacity, in addition to providing new properties, especially catalytic
behavior.
Through photocatalysis and adsorption processes, a selective decomposition is attempted
to produce clean water. For this, we propose the synthesis of MOFs composites with
photocatalyst compounds to obtain new efficient photo-acative materials. The photocatalyst
selected was TiO2 due to its high chemical and thermal stability, low production cost, non-toxicity,
and easy applicability from ambient to hash conditions. [1]
Different synthetic strategies will be followed to fabricate stable porous TiO2/MOFs hybrids,
composites, in which stable well-known MOFs compounds (UiO66, UiO66-NH2, etc.) together
with new materials (CIM-80(Al)) will be anchored to TiO2. After that, such hybrid porous structures
with their adsorption capacities and possible catalytic behavior will be used for the degradation of
target analytes.
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PHOTOCATALYTIC REACTIONS
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Metal-organic complexes are one of the most important groups of chemical compounds
formed by the coordination of inorganic (a metal atom or metal ion) and organic parts by strong
bonds and have been very much considered in recent years. They have a wide range of potential
application in; gas separation, gas storage, catalysis of organic reactions, fuel cells, luminescent
sensor, antibacterial, antifungal, and many other applications. Besides, its thermal decomposition
is one of the most common methods for synthesis of metal oxides nanoparticles.
Herein, Two novel complexes formulated as [Cu(dipic)(phen)(2-MePy)]. 2H2O and
[Zn(NCS)4].2(C9H8N), where phen = 1, 10-phenanthroline, dipic2- = pyridine-2,6-dicarboxylato and
2-MePy = 2-methyl pyrrole and (C9H7N = quinoline), have been hydrothermally synthesized and
their crystal structure were characterized by single crystal X-ray diffraction (SC-XRD), which
revealed a triclinic structure for the former complex and monoclinic structure for the latter one.
Nanoparticles of Cu2O and ZnO have been successfully synthesized by thermal decomposition
of the complexes. Furthermore, the nanoparticles were characterized by FT-IR spectroscopy,
powder X-ray diffraction (PXRD), scanning electron microscopy (SEM). Then N2
adsorption/desorption and the photocatalytic capabilities of two synthesized nanoparticles were
investigated in the removal of MB from water and degradation of methyl orange (MO) and
Bisphenol A (BPA) under UV irradiation. The result showed that both catalysts exhibit good
catalytic activity. [1,2]
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To date, KY3F10 and its Ln3+-doped counterparts have gained much attention for their
important applications in several fields of Materials Science. However, the studies in the literature
have only focused on the common α-phase of KY3F10 in detriment of the mostly unknown δ-phase,
which was discovered in 2000 by Le Berre et al.[1]. In addition, the suitability of the δ-phase for
optical applications has never been studied.
With this in mind, Eu3+-doped yttrium fluorides were designed by ultrasound-assisted
processes at a wide range of pH values (4.0–9.0). The ultrasound-assisted processes enabled to
obtain materials with intriguing morphologies (spherical, truncated triangular nanoplates, and
spheroidal) as well as modulated crystal structures: α-KY3F10, δ-KY3F10·xH2O, and Y(OH)3–xFx,
see Figure 1(a). Hence, this study not only offers the key to synthesizing both the α- and δ-phases
of KY3F10 but also reports a landmark methodology for the preparation of yttrium hydroxyfluorides.
In addition, it is studied for the first time the growth mechanism, Figure 1(b), of the δ-KY3F10·xH2O
structure[2]. To the best of our knowledge, this is the only research to have contemplated the study
of this structure since its original discovery more than twenty years ago.
In order to shed some light on the reaction mechanisms, we deeply analyzed how the
different pH-dependent reactions extremely govern the formation of the different compounds. The
incorporation of Eu3+ into the host lattices endowed the materials with photoluminescence
properties and allowed to properly analyze the structures due to the unique site-selective
characteristics of this Ln3+ ion. The results underscore a highly tunable luminescent response with
a wide gamut of color emissions, Figure 1(c), lifetimes (7.9–1.1 ms), and quantum efficiencies
(98–28%).
Thereby, we feel that this novel strategy can contribute to an in-depth comprehension of
these materials, especially of the uncharted δ-KY3F10·xH2O structure, while at the same time
opening up novel avenues in the sonochemical synthesis and design of inorganic materials for
important photonic and associated applications.
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Figure 1. (a) Schematic representation of morphology of the particles as a function of pH. (b)
Growth mechanism of the δ-KY3F10·xH2O nanoplates. (c) CIE chromaticity diagram of the Eu3+doped crystal structures.
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Ir(IV) complexes remain largely unexplored when compared to other oxidation states of this
paramagnetic metal ion (5d5 ion with t2g5 electronic configuration and S = ½). Recent interest has
been paid to the investigation of iridium(IV)-based compounds in the field of molecular
magnetism, some reported systems behaving as ferromagnets or single-ion magnets (SIMs)[1].
Nevertheless, the use of the [IrX6]2- (X = Cl, Br) anions as metalloligands towards paramagnetic
transition metal ions has been scarcely investigated.
In this communication, we will present the crystal structure and magnetic characterisation
of mononuclear (NBu4)2[IrX6] (NBu4+ = tetra-n-butylammonium, X = Cl, Br) compounds, which
behave as SIMs and constitute suitable starting materials and building blocks for the rational
synthesis of new mixed 3d-5d magnetic systems. Thus, a family of coordination polymers of
general formula {IrX5(μ-X)Cu(L)4}n (L = Imidazole derivatives) was synthesized and
magnetostructurally characterised, these systems being the first reported examples of Ir(IV)Cu(II) compounds (Figure 1).[2,3]

Figure 1
[1] K. Pedersen, et al. Nat. Commun. 2016, 7, 12195.
[2] A. Sanchis-Perucho, J. Martínez-Lillo. Dalton Trans. 2019, 48, 13925-13930.
[3] A. Sanchis-Perucho, J. Martínez-Lillo. Dalton Trans. 2022, DOI:
10.1039/D1DT04384F.
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The exceptional properties of metal-organic frameworks (MOFs), such as their chemical
tuneability, high internal surface areas and porosity make them attractive candidates for
applications ranging from catalysis and drug delivery to gas storage and separation[1]. However,
the physical form of MOFs may limit their application as they are synthesised as microcrystalline
powders. These comprise nanometre to millimetre sized particles, making it difficult to shape and
process them into useful products[2]. With this in mind, research has focused on combining MOFs
with other materials, such as hybrid glasses[2]. Here, crystalline ZIF-8, [Zn(mIm)2], was immersed
in an inorganic glass matrix and heated above the glass transition temperature (Tg) of the
inorganic glass (Figure 1). The net result was a metal-organic framework crystal-inorganic glass
composite (MOF-CiGC), in which preservation of crystalline ZIF-8 was assessed.

Figure 1: synthetic route to MOF-CiGCs via ball-milling, pelletisation and heating.
The synthesised composites were characterised by SEM-EDX, powder X-ray diffraction (PXRD),
differential scanning calorimetry (DSC), thermogravimetric analysis (TGA) and others. The
techniques indicated no decomposition or recrystallisation of either component after synthesis
under the selected working conditions. Importantly, CO2 sorption studies were performed to
assess the composites’ uptake capacities relative to the precursor materials. It is hoped that these
new new hybrid materials will combine the processability and stability of inorganic glasses and
the ubiquitous properties of crystalline MOFs for targeted applications.
References
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Palladium price has shoot through the roof during the last year. The high demand of
catalytic converters in automobile industry makes necessary the development of heterogeneous
palladium catalysts which can be recycled.[1]
MOFs are suitable platforms to immobilize Palladium, and what’s more, promising
materials as heterogeneous catalyst due to their structural diversity, the intrinsic hybrid organicinorganic nature, the presence of uncoordinated metal sites, the potential for rational design, and
a well-defined porosity. [2]
In this work, we synthetized a robust bimetallic MOF based on organometallic palladium
and iron(III) trimers, denoted MUV-22 (Figure 1). Crystals were obtained with cubic system, which
were measure by single crystal X-ray diffraction. Furthermore, thermal and chemical stability were
done with excellent results.
Finally, the catalytic activity was shown to be highly active, selective, and recyclable for the
Suzuki-Miyaura cross-coupling reaction, a C(sp3)-C(sp3) and C(sp2)-C(sp2) coupling (Figure 1).

Figure 1. Synthesis and catalytic activity of MUV-22.
References
[1] Pascanu, G. González Miera, A. K. Inge, B. Martín-Matute, J. Am. Chem. Soc. 2019, 141,
7223-7234.
[2] A. Bavykina, N. Kolobov, I.S. Khan, J. A. Bau, A. Ramirez, J. Gascon, Chem. Rev. 2020, 120,
8468-8535.

1035

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-499

POTASSIUM-BASED DERIVATES AS CATALYSTS FOR LACTIDE
POLYMERIZATION: INFLUENCE OF THE LIGAND FUNTIONALITIES IN
THE CATALYTIC ACTIVITY
Jesús Damián,a Christian Rentero, a Asier Medel,a Valentina Sessinia and Marta E.G. Mosqueraa
a

Departamento de Química Orgánica y Química Inorgánica, Instituto de Investigación en
Química “Andrés M. del Río” (IQAR), Universidad de Alcalá, Campus Universitario, 28871
Alcalá de Henares, Spain.
jesus.damian@edu.uah.es, martaeg.mosquera@uah.es.

Keywords: bioplastic, lactide, oximate ligands, non-toxic metals
Nowadays there is an increasing interest in plastics from renewal sources. Lactide is a cyclic ester
that can be produced from renewable resources such as corn straw or other agricultural residues.
From lactide, it is possible to generate polylactide (PLA), a biodegradable polyester with good
mechanical properties. PLA has already found many uses and it is possible to find it in compost
bags, food packaging, or filament for 3D printing. [1]
Further uses can be found for PLA depending on its microstructure. In order to obtain PLA with
controlled microstructure, ring-opening polymerization (ROP) is a suitable process since a high
control of the reaction can be achieved. [2] For this catalytic polymerization, different metallic
compounds have been used. Of particular interests would be the use of non-toxic abundant
metals such as potassium.
In our group we have prepared novel oximate potassium derivatives that have shown to be very
active catalysts for lactide ROP.[3] Surprisingly, this type of ligands had been little explored for
the ROP processes. [4,5] In this work we have extended the studies to other oximate ligands with
different functional groups and explored their influence in the polymerization process and in the
microstructure of the polymer obtained. In all cases the polymerization takes place within minutes.
References
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The development of functional materials whose thermal conductivity can be switched
between different states plays a key role in several technologies, such as nanoelectronics or
thermoelectric energy conversion.
Oxygen-defficient AFeO3-x (A= Ca2+, Sr2+) perovskites (PV) exhibit fast O2- ion mobility and
electrical conductivity at high temperature. On these oxides, three-state reversible
transformations between perovskite, brownmillerite (BM) AFeO2.5, and infinite layer (IL) AFeO2
structures can be induced by topotactic oxygen exchange[1] at moderate temperatures under
oxidizing/reducing conditions (Figure 1). Here we report the reversible change of thermal
conductivity associated to such structural transitions in epitaxial (Ca/Sr)FeO2.5 thin films. Using
Frequency Domain Thermoreflectance (FDTR), we observed a change of ≈60% in the thermal
conductivity of BM/IL structures of CaFeOx. In the case of SrFeOx thin films, the PV to BM
transformation can be induced, locally, by applying local electric fields through a voltage-biased
AFM tip[2].
This, along with the thermal contrast observed between these phases, allows the design
of micron-size thermal channels.

Figure 1. Structural transformations in (Ca,Sr)FeOx thin films.
The reversibility of the structural transformations, along with the large thermal conductivity
contrast, suggest that (Ca/Sr)FeOx ferrites are suitable candidates for solid-state thermal
switching devices.

References
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The ring strain energy (RSE) is a remarkable parameter for the evaluation of the instability
of small rings, as it explains some electronic properties and provides the driving force for ringopening transformations. It has been used, for example, to explain ring-opening polymerization
(ROP) and ring-opening metathesis polymerization (ROMP) processes.[1] Not surprisingly, many
computational studies have focused on how the RSE changes with the ring size, the atoms
composing the ring and their oxidation state, as well as the nature of the peripheral substituents.
The attractiveness of three-membered rings (3MRs) has led to extensive studies on their
synthesis and characterization, for both organoheterocycles and purely inorganic rings, among
which are the kinetically stabilized tritetreliranes (R2X)3 (X = Si, Ge, Sn), tripnictogeniranes (RX)3
(X = N, P, As).[2] 3MRs possessing two identical "E" heteroatoms, referred to as CE2 for short,
have prominent examples in dioxiranes (and related oxaziridines) which are widely used as
oxidizing reagents. Among 3MRs with a single heteroatom, the epoxide (oxirane) stands out as
an important precursor in synthesis of polymers.[3] Considering that there are only 20 different
atoms in groups 13-16 from the second to the sixth rows, it is possible to obtain 1540 3MR
combinations (with repetition), only a reduced number (4.5%) having been described so far.
Moreover, RSE estimates have been reported for only a small fraction of them. This is therefore
an exciting field that has yet to be explored, with a significant gap with respect to the systematic
evaluation of RSEs for a wide range of small rings.
After the preliminary report on RSEs for saturated (CH2)2X (1) and unsaturated (CH)2X (2)
rings with only one heteroatom,[4] the RSEs of a broad set of 3MRs (73 in total) including those
with two or three identical heteroatoms, (CH2)X2 (3) and X3 (6), respectively, as well as the heavier
sila- (4) and germana-analogues (5) of the former, are herein reported and possible trends
analyzed. Here, X is a group 13-16 element with its typical covalency completed with bonds to H.
RSE data are obtained from evaluation (DLPNO-CCSD(T)/def2-TZVPP//B3LYP-D3/def2TZVP(ecp)) of appropriate homodesmotic reactions.[4] The interesting question of whether it is
possible to determine how much each ring atom or bond contributes to the total RSE is raised,
and whether this total RSE can be (roughly) additively estimated.

Scheme 1. Three-membered heterocycles previously (1,2) and herein (3-6) studied.
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The study of new antitumor agents has increased in the last decade as an alternative to cis[PtCl2(NH3)2] and its analogues due to side effects and the appearance of resistance. The main
goal is the achievement of new anticancer agents with less toxicity and greater selectivity.1 Within
this field, ruthenium complexes are the most promising tools as they have shown greater activity
against primary cancers and metastatic tumours.2
Herein, we present the synthesis and characterisation of a series of novel half-sandwich Ru(II)
complexes containing a thiosemicarbazone ligands.

Antitumor activity of the ligands and their Ru(II) complexes was evaluated in vitro by in cell lines
of lung carcinoma (NCl-G460), human adenocarcinoma (A549) and hormone-independent breast
cancer (MDA-MB231).
In addition, single crystals were obtained for some ligands and their X-ray structure have been
determined.
ACKNOWLEDGEMENTS
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For years, the synthesis and study of samples with different compositions and particles at the
nanometric scale has been carried out. Some of these samples have been extensively
investigated due to their great scientific and technological interest, having studied their specific
characteristics such as its composition, size, or morphology of its constituent particles, structure,
properties, and relationship between the latter two to assess their possible use in certain
applications. For some time now, the research “Technologies based Inorganic and Organic Hybrid
Materials” (GMHIO) is studying samples of lanthanide-doped orthovanadate of new compositions
synthesized by hydrothermal and sol-gel methods. In the synthesized Ln3+:YVO4 samples, the
good location of lanthanide ions in low symmetry positions allows the generation of downconversion (DC) and up-conversion (UC) processes after their photoexcitation, as a consequence
of the electronic transitions occurring between the 4f-4f levels[1-2]. In samples doped with a single
lanthanide ion leading to downconversion (DC) processes, the inorganic lattice acts as a host
crystal to accommodate the Ln3+ ions and, in turn, as a sensitizer of their luminescence [3]. In the
case of samples doped with two lanthanide ions, upconversion processes (UC) are generated,
which is efficient for bioimaging applications. In these compositions, one of the lanthanide ions
acts as a sensitizer and efficiently transfers energy to another ion which acts as an activator when
the sample is excited with infrared radiation [4-5].
Currently, the GMHIO group is studying the appropriate concentration of each of these ions so
that the emission process occurs more effective and so that they can be applied as fluorescent
thermometers in in vivo assays. In addition, superparamagnetic Fe3O4 samples are investigated
non-covered in association with orthovanadate samples or coated with different coating layers.
The objective is to obtain bifunctional materials that allow visualization and addressing [6-7].
References:
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Perovskite-type oxides show interesting properties that make them very versatile materials
for multiple applications. Perovskite SrFe1-xCoxO3 (x = 0.25, 0.50, 0.75) has been synthesized by
both the ceramic and the freeze-drying (lyophilization) methods and a detailed structural study by
means of X-ray diffraction has been carried out[1] [2]. Furthermore, these samples have been
doped with La, Pr, Sm, Eu, and Er occupying the Sr site.
In addition, electrical properties as well as UV-Vis diffuse reflectance spectra analysis have
been carried out. The bandgap for these semiconductors was determined by means of a Tauc
plot. On a Tauc plot, (αhƲ)1/2 is represented versus the photon energy, where α is the absorption
coefficient, calculated from the reflectance spectra by using the Kubelka-Munk model, h is the
Planck constant and Ʋ the photon frequency[3].
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Covalent adaptable networks (CAN) are polymeric materials that include reversible covalent
cross-links. Such reversible bonds allow CAN to reach thermodynamic equilibrium and to adapt
to changing chemical environments.1 Thus, they are able to respond to an appropriate stimulus
and modify their properties upon. It is obvious that Dynamic Covalent Chemistry is central to a
successful CAN. In this regard, our group has recently discovered a novel dynamic covalent
reaction, the nucleophilic aromatic substitution of tetrazines (SNTz). This chemical exchange
combines the advantage of its dynamic nature with the chemical versatility of the tetrazine ring.2
Herein we present a tetrazine covalent adaptable network (TzCAN), a novel kind of dynamic
polymer made by SNTz. The synthesis is easily performed in homogeneous phase and the
morphology can be effortless controlled to obtain uniform microspheres. These microspheres can
be degraded with the right chemical stimulus, or they can be quickly converted into another
completely different polymer. Additionally, they can be post-functionalized by Inverse Electronic
Demand Diels-Alder reaction (IEEDA).3 In such a way it is possible to attach, for instance, polar
groups to the polymer which efficiently increase its otherwise very low solubility in water. There
are undoubtedly plenty of possibilities for this novel kind of CAN awaiting to be explored.
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Layered Double Hydroxides (LDH) are anionic clays with a general formula [M(II)1x+ nxM(III)x(OH)2] [A ]x/n·mH2O,

where M(II) and M(III) are divalent and trivalent cations and A is the

interlayer anion[1]. When the divalent cation is Ca2+, the trivalent cation is Al3+, and the anion is
chloride, the LDH is called hydrocalumite (Ca2Al(OH)6Cl·2H2O). The effect of the reaction
temperature on the properties of hydrocalumite prepared under microwave (MW) irradiation was
studied. The solids were prepared by the coprecipitation[1] method from an Al3+ solution obtained
after treating an aluminum slag[2] with aqueous NaOH under reflux conditions and the subsequent
removal of silicon species by precipitation upon addition of HCl up to pH = 1[3]. Characterization
of the obtained solid was carried out by powder X-ray diffraction, thermal analysis, infrared
spectroscopy, element chemical analysis, electron microscopy and N2 adsorption–desorption at
–196 ºC. The results showed that the use of the extracted aluminum solution allowed obtention
of hydrocalumite by the coprecipitation method and that the temperature of the MW ageing
treatment had a large effect on the formation of side phases, in addition to hydrocalumite.
Acknowledgements: A.J. thanks University of Salamanca and Banco Santander for a PhD
contract. A.M. thanks Junta de Castilla y León and the European Social Fund for a PhD contract.
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LARGE EASY-AXYS MAGNETIC ANISOTROPY IN A SERIES OF
TRIGONAL PROSMATIC COBALT (II) COMPLEXES WITH ZERO-FIELD
HIDDEN SINGLE-ION MAGNET BEHAVIOUR: THE IMPORTANT ROLE OF
THE DISTORTION OF THE COORDINATION SPHERE AND
INTERMOLECULAR INTERACTIONS ON THE SLOW RELAXATION
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Single molecule magnets (SMMs) are transition metal coordination compounds that can
retain magnetization for long periods of time in the absence of an external magnetic field (that is,
they display a magnetic memory effect), below a certain temperature known as blocking
temperature (TB). In this work, the complexes [Co(L)]X·S (X = CoCl42- , S = CH3CN (1); X = ZnCl42, S = CH3OH (2)), [Co(L)]X2·S (X = ClO4-, S = 2CH3OH (3) and X = BF4- (4)) and [Co(L)(NCS)2]
(5), where L = the N6-tripodal ligand tris(pyridylhydrazonyl)phosphorylsulfide, were prepared and
studied by X-ray crystallography, ac and dc magnetic data, FIRMS and HFEPR spectra, and
theoretical calculations. The aim is to study how the distortion of the CoN6 coordination
polyhedron from trigonal prismatic to octahedral affects magnetic properties of the compounds,
as well as inquiring into what other variables they depend on. On passing from 1 to 4, the change
of the counteranion slight decreases the distortion of the CoN6 coordination polyhedron from
trigonal prismatic to octahedral, with a parallel increase of the easy-axis magnetic anisotropy
(experimentally extracted D values rise from -60.0 cm-1 to -127.8 cm-1, respectively, where D is
the parameter for axial anisotropy). Compound 1 does not show slow magnetic relaxation, even
in the presence of a dc magnetic field, due to fast QTM triggered by dipolar interactions. Although
the complexes 2-4 show a weak frequency and temperature dependence of the ac susceptibility
below 10 K at zero field, they exhibit slow relaxation and SIM behaviour under the corresponding
optimal field. Magnetic dilution of complexes 3 and 4 with ZnII triggers the slow relaxation of the
magnetization at zero-field, so that these complexes can be considered as “hidden SIMs”.
Compound 5, with a compressed octahedral geometry, exhibits easy-plane magnetic anisotropy
(D = +34.7 cm-1), and it is a field-induced SIM with magnetization relaxation faster than
compounds 2-4 and a smaller hysteresis loop.

Figure 1: Perspective view of the molecular structure of 3. Hydrogen atoms, perchlorate
anions and solvent molecules are omitted for clarity. Only the Δ enantiomer is given in this
Figure.
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One of the main issues of the herbicide bentazon (HBtz) lies in its formulation: HBtz is
commercialised as its sodium salt NaBtz, with improved solubility, necessary since it is dispersed
aerially on the fields or through contact spraying. This promotes the dispersion of high amount of
active species that, with time, are washed off in the soil, ending up in ground Waters[1,2]. We
explored the formation of inclusion complexes of bentazon with cyclodextrins, in order to obtain
solubility properties intermediate between those of the parent compound and of the sodium salt,
still leaving it suitable for spray loading. To this goal we selected two types of cyclodextrins and,
via mechanochemical methods, we synthezised HBtz inclusion complexes.
We verified the inclusion complex formation via FTIR, TGA and DSC, PXRD and single crystal XRay diffraction. We then studied solubility and dissolution rate of the different species, namely
bentazon, sodium bentazonate (NaBtz∙1.75H2O), and the inclusion complexes with β-CD ([βCD∙HBtz]∙6H2O) and -CD ([-CD∙HBtz]∙8H2O). The results show that inclusion complexes are
more soluble species compared to the pure herbicide, but they are less soluble compared to its
sodium salt. We compared the results also with dehydrated inclusion complexes that proved to
be dissolved with an intermediate rate between those of the the hydrated inclusion complexes
and that of bentazon sodium salt.
In conclusion we proposed an easy and feasible path to formulate bentazon in ways that could
help preventing unwanted dissolution of the herbicide, and allowing controlled release of
bentazon.
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R. L. Vasile,a N. Nemes,b I. Puente-Orench,c J. L. Martínez,d V. de la Peña-O’Shea,e E.
Gutiérrez,a M. A. Mongea and F. Gándaraa
a
Multifuncional and supramolecular materials group, Materials Science Institute of Madrid,
Spanish National Research Council (ICMM-CSIC), Spain
b
Faculty of Physics, Complutense University of Madrid (UCM), Spain
c
Laue-Langevin Institute (ILL), Grenoble, France
d
Heterostructures for optics and optoelectronics group, Materials Science Institute of Madrid,
Spanish National Research Council (ICMM-CSIC), Spain
e
Photoactivated Processes Unit, IMDEA Energy Institute, Spain
e-mail: raluca.vasile@csic.es
Keywords: metal-organic framework, porous materials, multi-metal, lanthanides
Through the years, in the quest for innovative multifunctional materials, the attention has
gravitated towards metal-organic frameworks[1] (MOFs) due to their hallmark features: robust
crystalline structure, tailored permanent intrinsic porosity and versatile chemical composition. Due
to these features, MOFs are widely used in many applications, such as adsorption or catalysis,[2]
and their performance depends to a large extent on the constituent metal ions. When
incorporating different functional groups or metal ions into the structure, a multivariate metalorganic framework (MTV-MOF) is formed, and generally its properties are modified or enhanced.
During a one-pot synthetic reaction, the metals may react in a similar way with the organic linkers,
generating multi-metal MTV-MOFs, or they may compete simultaneously, thus leading to different
crystalline phases. When this latter scenario is encountered, the formation of a desired
combination of metal elements is not accomplished.
Considering this, and with the aim of gaining fundamental knowledge on the factors that lead to
one case or the other, we selected the lanthanide-based MOF family RPF-4,[3] based on a rodshaped SBU (secondary building unit) in which the metal ions are bridged by the carboxylate
groups of the organic linkers. Our starting point was the premise that, as observed in previous
reports of our group,[4] the initial metal combination results in different types of atomic sequences
within the MOF. After analyzing different initial combinations and ratios of lanthanides, we found
that in none of the cases the topology of the MOF is altered, and for some rare-earth combinations
the initial input ratios match the output of the reaction. However, for certain metal combinations,
even though the overall bulk output appears to be homogeneous, the samples displayed a
coexistence of isoreticular crystals with different metal ratios and slight differences in morphology.
These findings seem to point to a prevailing effect of certain cations on the crystallization
mechanism. Therefore, the crystallization process of a MTV multi-metal framework is a critical
stage that impacts the atomic sequencing, and it must be analyzed and comprehended in order
to acquire a higher control over the distribution of the metals. Furthermore, because of the rodshaped SBUs of RPF-4, the lanthanide ions are located at short distances and could generate
one-dimensional magnetic interactions. Bearing this in mind, we conducted a characterization of
the magnetic behavior (long-rage magnetic order and magnetocaloric effect) of single-metal and
binary combinations of this MOF family.
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A CO-CONFORMATIONALLY “TOPOLOGICALLY” CHIRAL CATENANE
A. Rodríguez-Rubio, A. Savoini, F. Modicom, P. Butler and S. M. Goldup
University of Southampton, Chemistry, Building 30, 22 Hartley Ave, Southampton, SO17 3QZ
e-mail: a.r.rubio@soton.ac.uk
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As recognized in the early 1960s, catenanes composed of two oriented (Cnh) rings are
topologically chiral in the absence of covalent stereogenic units.[1] This type of chirality is a direct
consequence of the mechanical bond, which forces the macrocycle rings into an arrangement
that ensures the assembly has no improper symmetry operations. Related, but to date
overlooked, is the co-conformationally ‘topologically’ chiral stereogenic unit, which arises when a
bilaterally symmetric Cnv ring is desymmetrised by interlocking an oriented macrocycle.[2–4] In this
work we used a chiral auxiliary for the synthesis of topologically chiral catenanes in high
enantiopurity and extended it to the realization of a molecule containing a previously unreported
static co-conformationally “topologically” chiral stereogenic unit.[5]
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A PREBIOTICALLY PLAUSIBLE SCENARIO OF AN RNA-PEPTIDE WORLD
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The RNA world model proposes that the first self-replicating systems consisted only of RNA
molecules.[1] Subsequently, the RNA world evolved somehow into the contemporary nucleic acidprotein world, in which RNAs store genetic information and proteins act as catalysts. This
transition produces a “chicken or egg” (RNAs or peptides) paradox in origins of life research.[2]
Here, we report a plausible scenario for the emergence of an RNA-peptide world based on noncanonical nucleosides containing amino acids.[3] Until today, these nucleosides are found in
transfer and ribosomal RNAs[4] (Figure 1a) and are also considered as “living molecular fossils”
of the RNA world.[5] Their incorporation into complementary RNA strands establishes an RNAtemplated peptide synthesis (Figure 1b). Accordingly, the early co-evolution of covalent RNApeptide structures offers an alternative model for the origin of life that makes the corresponding
“chicken or egg” paradox disappear.

Figure 1. a) Transfer RNA and selected ribose and nucleobase modifications. b) RNA-templated
peptide synthesis cycle based on non-canonical nucleosides.
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ALDEHYDE CENTRIC FUELED REACTION CYCLES FOR NONEQUILIBRIUM (DIS)ASSEMBLY OF HYDROGELS.
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Fueled reaction cycles allow non-equilibrium (dis)assembly of intricate biological
supramolecular assemblies to perform vital functions with clockwork precision.[1]
Inspired from these microscopic wonders of nature, and intriguing interconnected
mechanisms of such fueled processes, I will present two independent chemically fueled reaction
cycles targeting aldehyde groups.
The reaction cycle 1[2] allows non-equilibrium transient disassembly of a hydrogel (gel-solgel) through catalytically controlled processes for in situ fuel(s) generation. I will further show the
application of fuels for formation of self-sorted hydrogels (up to three components) with
architectures mimicking neuron branching due to heterogeneous nucleation, possible only via
fueled process.[3]
The reaction cycle 2 drives back to back autonomous non-equilibrium transitions (sol-gelsol-gel-sol) by one shot of fuels. The fuels convert the inactive monomers to an intermediate
which forms short lived hydrogel composed of transient globular assemblies. The self-destruction
of these globules give rise to a solution again composed of second active monomers. These
monomers go on to assemble and form another hydrogel composed of fibers which eventually
dissolves again through a slowly occurring deactivation reaction. Thus, a cascade of interlinked
reactions drives a cascade of non-equilibrium transitions.

Figure 1: Sequential
addition of fuels to coassembly
prone
monomers to create
self-sorted hydrogels
of
up
to
three
components
(scale:
100 μm). [3]
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AMINO ACID-VIOLOGEN HYBRIDS: SYNTHESIS, CUCURBITURIL HOSTGUEST CHEMISTRY, AND IMPLEMENTATION ON THE PRODUCTION OF
PEPTIDES
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Viologens are N,N'-disubstituted 4,4-bipyridine derivatives, compounds characterized by having
a π-deficient structure and a reversible redox behaviour, which makes then appealing substrates
in host:guest chemistry [1]. In particular, the host−guest chemistry of viologens and CB[8] is
currently highly significant [2], as heteroternary complexes can be prepared in a predictable
fashion, typically by using a viologen as first guest and an electron donor as second.
With the general purpose of introducing viologen units within peptide structures, and their
subsequent non-covalent functionalization via host:guest chemistry, we present herein a series
of viologen−amino acid hybrids, obtained in good yields either by successive alkylations of 4,4′bipyridine, or by Zincke reactions followed by a second alkylation step. To test the ability of the
obtained amino acid as appropriate guest for CB[n]s, we studied the complexation of the
zwitterionic form by CB[7]/[8] in buffered aqueous media at pD = 7 in order to simplify the
assessment of the binding interactions by different spectroscopic methods.
Finally, these novel viologen-amino acid hybrids were implemented in liquid and solid phase
peptide synthesis (L/SPPS) and interestingly revealed the characteristics required for the CB[7,8]based molecular recognition.
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CB[7,8]-BASED [2]-ROTAXANES WITH TRIPHENYLPHOSPHONIUMCAPPED THREADS: SERENDIPITOUS DISCOVERY OF A NEW HIGHAFFINITY BINDING MOTIF
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Mechanically Interlocked Molecules (MIMs) are no longer a chemical curiosity but a solid
platform for the development of new functionality.[1] Nevertheless, the efficient synthesis of these
entities is still challenging, especially when restricted to aqueous media, and the limited choice of
intermolecular interactions and reactivity that can be used in this setting. Cucurbit[n]urils (CB[n]s,
n = 5-8, 10, 13-15), have substantially eased this problem, enlarging the toolbox for the
preparation of MIMs in aqueous media, in particular, when using well-developed synthetic
strategies that employ premade axel components (e.g. capping or slipping).[2]
In this work we present the synthesis of new triphenylphosphonium-capped CB[7,8]-based
[2]rotaxanes by a simultaneous threading-capping strategy. Whilst the use of CB[7] produced the
projected [2]rotaxane, attempts to obtain the CB[8] analogue were unsuccessful, due to the
unexpected strong interaction found between the host and the phosphonium caps leading to
pseudo-heteroternary host-guest complexes. This unusual binding motif has been extensively
studied experimentally with model compounds, with results in good agreement with those
obtained by dispersion-corrected DFT methods.
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The assembly of synthetic membranes provides a powerful strategy to reconstruct life's
functions and shed light on how life emerged on Earth.[1] A significant challenge to the construction
of artificial membranes is the development of simple methodologies to mimic native membrane
generation.[2] Here we describe novel chemoenzymatic approaches that enable the precise
fabrication of biomimetic membranes, which could be used for building synthetic cells with lifelike
properties, including the ability to undergo evolution, growing, or division.[3-5] Additionally, the
biocompatibility of such methodologies makes them a robust tool for the efficient encapsulation
of relevant biomolecules. These studies offer a deeper understanding of the nature of living
systems, bring new insights into the origin of cellular life, and afford novel synthetic chassis for
advancing synthetic biology.
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Figure 1 Coupling chemothermal reaction cycle with thermosensitive DNA coated gold nanoparticles.

Inspired by biology, the field of supramolecular self-assembly evolved over the years from
thermodynamical equilibrium structures towards dissipative assemblies, where molecular building
blocks assemble out-of-equilibrium for the time being of fuel consumption. These dissipative
assemblies in nature fulfill actions like transport, movement, and catalysis among others. More
recently, controlling transient states of nanoparticles using chemical fuel is an emerging field for
the creation of active matter, and gives the possibility to exploit new materials with unusual and
adaptive properties (e.g. optical, electrical, mechanical). Examples in literature are still rare, due
to difficulties of bridging different length scales with the fuel being on the molecular and building
blocks on the nanoscopic scale. We report here on coupling a chemothermal cycloaddition
reaction[1] with thermosensitive DNA-coated gold nanoparticles[2] (AuDNA) (Figure 1). AuDNA
undergo transient redispersion for the time of heat production by the exothermic reaction. After
the excessive heat dissipates, AuDNA spontaneously cluster due to DNA rehybridization.
Through adjusting the amount of fuel added, different transient states could be accessed as well
as their lifetime could be controlled. To the best of our knowledge, this is the first example of
coupling thermosensitive nano building blocks with a chemical reaction cycle. Our results expand
the existing list of nanoscale constructs sensitive to the outcome of a chemical reaction.
[1] Muradyan, Hurik; Guan, Zhibin (2020): Chemothermally Driven Out‐of‐Equilibrium Materials
for Macroscopic Motion. In: ChemSystemsChem.
[2] Sato, Kae; Hosokawa, Kazuo; Maeda, Mizuo (2003): Rapid aggregation of gold nanoparticles
induced by non-cross-linking DNA hybridization. In: J. Am. Chem. Soc. 125 (27), S. 8102–8103.
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Chirality is a characteristic tool of molecular recognition in nature.1 To exploit
supramolecular chirality as the reported signal upon complexation events, we have used 1,3-ditert-butyl-1,3-diethynylallene (DEA) as a chiral molecular axis in several chiral nitrogen-containing
(poly)macrocycles (allenophanes and alleno-cages) with exceptional chiroptical properties for
sensing the formation of host-guest systems in organic solvents.2
A halogen bond is defined as the intermolecular interaction established between the
electrophilic region on a halogen atom (-hole) and a nucleophilic region of a molecule. They are
becoming more and more useful as part of the “non-covalent interaction toolkit” in the design of
crystal structures, liquid crystals and jelly phases, and even in medicinal chemistry.3 Herein, we
present the synthesis of a new chiral [142] pyrazino-macrocyclic system and its applications as
halogen-bond acceptor. The formation of the inclusion complexes was proved by 1H-15N HMBC.
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Scheme 1. Synthesis of the macrocyclic system, its DFT optimized structure (chair), CD spectrum
(6.24x10-06 M in CHCl3) and the 1H-15N HMBC titration with 1,4-diiodo-tetrafluorobenzene as
halogen bond donor (Ka= 3.9 M-1).
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During the last years, polymeric helical materials with biological functions able to mimic the
behavior of natural structures, such as DNA or ⍺-helixes, have drawn much attention. This is due
to the important role that the helical motif renders to these essential biomolecules, which is key
in the mechanism and vital functions of living organisms.
Currently, our research group is focused on the development of helical supramolecular
polymers and the study of the neat packing of the building blocks during the aggregation process
—formation of helical polymers through non-covalent interactions—.[1] Besides, it is important to
spotlight the challenge of controlling the sense of the helical scaffold, which plays a decisive role
in materials science, and the development of new smart materials for biological purposes,
asymmetric catalysis, biomedicine (drug carriers, gene delivery…) or molecular recognition,
among others.

Figure 12.Schematic representation of the polymerization process in covalent helical
polymers and the self-assembly of supramolecular helical polymers.
With the aim of studying the communication mechanism in a supramolecular helical
polymer, two different chiral and non-chiral oligo(phenyleneethylene) monomers were
synthesized. Once the monomers were prepared, their aggregation properties were analyzed in
solution by Circular Dichroism (CD) and UV-Vis experiments. It was necessary to play with
different solvent conditions to afford the desired helical aggregate. Next, these conditions were
used to prepare copolymers of these two monomers in different ratios, which allowed to assess
the communication mechanism established between these two building blocks.

References
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One of the objectives of our research group is the synthesis of allenophanes, chiral shapepersistent macrocycles containing diethynylallenes (DEAs) and aromatic spacers, in order to
achieve systems with great sensing capabilities. Specifically, we are focusing on the synthesis of
allenophanes that use pyridines as spacers, since the nitrogen atom present in the heterocycle
may offer several interacting possibilities involving the lone pair oriented to the interior of the
ring.[1-2]
Here we present the preparation of three new chiral polypyrido-allenophanes from the
corresponding monomer in a multiple-step one-pot synthesis (Scheme 1). This allows us to obtain
macrocycles with very diverse morphologies.[3] These shapes and functionalities will endow the
final macrocycles with specific encapsulating properties. The use of systems with narrow
conformational space will maximize chiroptical response intensities that can be used to monitor
the encapsulation process.

Scheme 1. Structure of DEA and allenophanes presented in this work. Representation of
experimental CD spectra of (P)2DEA2mPy2 and the changes observed upon complexation.
References
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Understanding enantiospecific interactions is crucial for the development of many research
areas, such as chiral separation techniques, enantioselective heterogeneous catalysis[1] and
chiral functional materials in general.[2] Visualizing chirality at interfaces provides valuable insights
into these processes. For this, scanning tunnelling microscopy (STM) is a suitable technique as
it can provide sub-molecular resolution of enantiospecific interactions by imaging 2D selfassembled chiral structures.[3]
In this work, chiral symmetry breaking in molecular adsorption at the solid/liquid interface
is obtained by using lateral geometric nanoconfinement. Such chiral nanoconfinement is created
at the interface of achiral covalently modified highly-oriented pyrolytic graphite (HOPG) and a
racemic solution by in situ scanning probe lithography (Figure 1). Our results show that
enantioselective adsorption of chiral molecules can be achieved by adjusting the relative
orientation between the nanoconfining walls and substrate symmetry direction.[4] With this
method, the adsorption of the selected enantiomer is more than six times higher compared to the
mirror image molecule. This approach can provide new insight into the process of recognition and
selection of chiral molecules, in particular kinetic and thermodynamic aspects can be unravelled.

Figure 1. The self-assembly of a racemic mixture at the HOPG/liquid interface is combined
with a nanoconfined environment. This combination enables preferential adsorption of targeted
chiral structures formed by one desired enantiomer contained in the racemic mixture. Thus, chiral
separation can be achieved.
References
[1] T. Mallat, E. Orglmeister and A. Baiker, Chem. Rev., 2007, 107, 4863–4890.
[2] K. Ariga, T. Mori, T. Kitao and T. Uemura, Adv. Mater., 2020, 1905657.
[3] F. Zaera, Chem. Soc. Rev., 2017, 46, 7374–7398.
[4] J. Seibel, Z. Tessari, D. B. Amabilino and S. De Feyter, Chem. Commun., 2021, 57, 61.
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In recent decades, there has been a huge trend for chemists to recreate natural processes
as a key model in the design of new molecular systems capable of mimicking the behavior and
performance of enzymes.[1] It is well-known that porphyrin derivatives are currently used in natural
processes for light harvesting, electron and energy transfer reactions, catalysis, or as oxygen
transporters. Specifically their stable aromatic core can be functionalized at the meso or pyrrolic
β positions, and the inserted metal can easy modulate their chemical, optical and electronic
properties.[2]
Most of these metalloporphyrins have been incorporated in lots of different molecular
architectures for numerous fields of applications, like artificial photosynthesis, molecular
electronics, molecular machines and catalysis, among others. In the last few years, the design of
molecular cages based on porphyrins in the host structure opens several attractive
opportunities:[3] define the molecular cavity, stabilize π-conjugated guest molecules inside these
cavities and coordinate with different ligands within the cage through its metalated form.
The present communication will highlight our synthetic strategy to construct novel and
simple porphyrin cages attached by imine bonds under thermodynamic control.[4] The
conformation of these imine bonds will provide two main conformational isomers of the porphyrin
cage, extended or contracted, which can harbor a multitude of ditopic nitrogen ligands in their
adaptable cavity (Figure 1).

Metalloporphyrins
Imine bond
linkers
Ditopic nitrogen
ligands

Figure 1. General scheme of our novel porphyrin cages showing 2 main conformations.
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According to Stoddart’s definition, Suitanes are two-component mechanically interlocked
molecules in which one (torso) of the components, with several protruding limbs, is encompassed
by another (suit) all-in-one component.[1] This type of MIM remains a challenging synthetic target,
as shown by the fact that the number of artificial suitanes reported to date is limited to just a
couple. The first suitane was reported in 2006,[2] and the other one was described in 2020.[1] In
addition, the associated intercomponent motions are still unexplored. We know report a new
suitane based on the association of a tetra-Au metallocage[3] and a tetra-Au(I) supported by a
pyrene-tetra-alkynyl ligand. The four alkynyl-gold arms constitute the limbs of this suit[4]ane. In
the synthetic procedure, we used the pyrene-tetra-alkynil-gold complexes as templates for the
formation of the suitane.[4] This procedure establishes a new and high-yielding way for designing
rationally a new family of suitane MIMs. The motion of the encapsulated molecule inside the
metallo-square will be studied by a combination of NMR spectroscopy and molecular dynamics.
It is expected that a rocking motion of the trapped pyrene-tetraalkynyl gold complex is revealed
within the metallosquare suit.

Figure 1. Schematic representation of an organometallic-based suit[4]ane. The capped-stick
diagram is the DFT-calculated energy-minimized structure of this new MIM.
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Many examples of self-assembled processes showing hierarchical organization are
omnipresent in Nature.[1] Whereas a variety of 1D supramolecular structures have found
applicability as new materials,[1] the hierarchical organization of self-assembled structures to yield
two dimensional (2D) molecular networks is also a thrilling research field.[2] The supramolecular
approach is an appealing alternative to achieve 2D porous networks. However, structural rules
leading to the hierarchical organization of self-assembled structures towards well-defined
superstructures are less clear. To reach this challenging target, precise rules that determine the
relationship between molecular design, supramolecular structure and organization of these selfassembled units are required.[3]
In this context, the hierarchical supramolecular polymerization of diazobenzene dimers to
yield 2D porous networks from the initial toroidal aggregates is reported (Figure 1) in this
communication. The steric demand of the peripheral side chains diminishes the trend of the
azobenzene dyad to stack but favors the intertwining of the opposite side chains to yield the target
2D porous networks. This intertwining effect is cancelled in linear solvents, where only toroids are
observed. The photoirradiation with UV and visible light shows efficient photoresponsive
dissociation and reorganization due to the trans  cis isomerization of azobenzene moieties.

Figure 1. Schematic representation and AFM images of the formation of the nanotubes and 2D
porous networks from diazobenzenes 1 and (S)-2, respectively.
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Metal coordination is a well-recognized strategy to promote spontaneous supramolecular selfassembly, owing to its versatility and tunability. The presence of a metal can provide a precise
control on several features including shape, size, and distribution and total number of incorporated
functional groups[1]. Recently, our group has described novel metallocage based on
calix[4]pyrroles[2]. Calix[4]pyrroles are well-known efficient and selective receptors for ion pairs
and neutral polar species especially in non-polar organic solvents (i.e. chloroform or
dichloromethane). Therefore, the development of new supramolecular architectures based on
these receptors might have an impact on their reported applications (e.g. sensor[3] and
catalysis[4]).
Herein, we report the Pt(II)-driven self-assembly of new metallocycles based on a “two-wall” calix
[4]pyrrole unit and a bis-pyridine ditopic ligands.[5]
The metallocycles are assembled by addition of a bispyridine ligand onto a solution of
organometallic PtII aryl-ethynyl calix[4]pyrrole in DCM or DMSO.

Figure 1. Energy minimized structure (MM3) of a metallacycle based on a “two-wall”
calix[4]pyrrole.

References
[1]N. Kiriyama, M. Ebihara, T. Udagawa, H. Miyaji, RSC Adv. 2016, 6, 19794-19796.
[2] L. Escobar, E. C. Escudero-Adán, P. Ballester, Angew. Chem. Internat Ed. 2019, 58, 1610516109.
[3]A. F. Sierra, D. Hernández-Alonso, M. A. Romero, J. A. González-Delgado, U. Pischel, P.
Ballester, J. Am. Chem. Soc. 2020, 142, 4276-4284.
[4] K. Anjali, M. Ahmed, J. Christopher, A. Sakthivel, Dalton Trans. 2018, 47, 12353-12361.
[5]S.

Shanmugaraju, S. A. Joshi, P. S. Mukherjee, Inorg. Chem. 2011, 50, 11736-11745.

1062

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-526

CYCLOPHANE SELF-ASSEMBLY FROM CARBAZOLE-BASED
DIRADICALS
Irene Badía-Domínguez,a Franktišek Hartl,b Hongxiang Li,c Shu Seki,d Juan T. López
Navarrete,a V. Hernández Jolín,a M. Carmen Ruiz Delgadoa
a

Department of Physical Chemistry, University of Málaga, Boulevar Louis Pasteur s/n, 29010,
Málaga, Malaga, Spain.
b

Department of Chemistry, University of Reading, Whiteknights, Reading RG6 6AD, United
Kingdom.

c

Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, Shanghai, 200032,
China.
d

Department of Molecular Engineering Graduate School of Engineering, Kyoto University,
Nishikyo-ku, Kyoto 615-8510 (Japan).
e-mail: badia@uma.es

Keywords: carbazole, diradical, cyclophane, substitution, elongation, self-assembly.
The investigation of π-conjugated diradical compounds, featuring radical centers in the ground
state, is key to understanding the nature of chemical bonds.[1] Occasionally, these systems can
form long σ C-C bonds between two unpaired electrons resulting in macrocyclic or staircase
oligomers or polymers by self-assembly processes. Furthermore, these new C-C bonds are
longer than an ordinary bond between two sp3 carbon resulting in reversible
dissociation/formation behavior between isolated radical species and cyclophane structures.
Therefore, these materials are potential building blocks for dynamic covalent chemistry (DCC).[2]
Hereinto, we present an experimental and theoretical study of carbazole and indolocarbazolebased diradicals (Figure 1) with dicyanomethylene (DCM) groups in different positions (para-DCM
or meta-DCM) to identify new building blocks to obtain multi-responsive materials.[3-5] To this end,
we investigated the dynamic interconversion between the isolated diradical and the cyclophane
structures under external stimuli such as temperature, pressure and so on. Specifically, our main
aim is to study how the DCM substitution and the elongation of the conjugated core affect the
diradical character and to understand the connection between this parameter and the
cyclophanes stability. In addition, we want to investigate if this transformation is reversible or not.

Figure 1. Equilibrium between cyclophane and their isolated diradicals
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The self-assembly of colloidal particles into larger aggregated structures is largely
determined by the nature of inter-particle interactions, and control over this assembly may be
achieved through carefully selected surface-functionalisation to direct specific interactions such
as electrostatic, hydrophobic or H-bonding interactions.[1] Inclusion of supramolecular moieties
which are responsive to external triggers can afford further control, for example, colloids bearing
an H-bonding benzene-1,3,4-tricarboxamide moiety, protected by a photolabile group, have been
assembled selectively upon irradiation with UV light which cleaved the protecting group.[2]
Our work aims to develop a colloidal system whose (dis)assembly can be controlled using
redox reactions. The system comprises of two building blocks which interact through a
supramolecular host-guest interaction: (1) silica nanoparticles functionalised with ferrocene (Fc)
guest moieties; (2) ditopic linker molecules bearing β-cyclodextrin host moieties. The redoxresponsive nature of this host-guest pair is exploited, where reduced Fc binds inside the β-CD
cavity, whilst Fc oxidation to ferrocenium (Fc+) leads to dissociation. Upon addition of chemical
oxidants (e.g., H2O2) and reductants (e.g., sodium ascorbate) as chemical fuels, the system may
be switched between the two states. By modulating the addition of the chemical fuels into a
solution of the colloids and linker molecules, it is possible to gain spatio-temporal control over the
assembly, by controlling the kinetics of the fuel-to-waste conversion cycle coupled to the
assembly process. As a consequence, the system could be pushed transiently into dissipative
non-equilibrium steady-states, with controlled lifetime, which mimics biological self-assembled
systems, such as microtubules, continuously consuming energy to precisely control their
supramolecular structure and functions in time,[3] as demonstrated previously with systems
including colloids,[4] supramolecular gels[5] and polymers,[6] among others.
References
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Neighboring group participation or anchimeric assistance is of fundamental importance to
a number of chemical transformations. In this regard, a promising reaction is the reversible
condensation between a series of selected nucleophiles and ortho substituted aryl aldehyde or
ketone boronic acids (Figure 1a).[1] Such a reaction is quantitative in aqueous media at mM
concentrations and neutral pH. The stability of the adducts is associated with neighboring-group
interactions between the electron-rich imine nitrogen and the electron deficient boronic acid
group, which is in close proximity to the imine bond.[2] We have investigated the formation of a
series of dynamic covalent adducts derived from a family of ortho substituted aryl aldehydes and
ketone boronic acids. An overview on the binding mode (i.e. stoichiometry), thermodynamics and
kinetics associated with the formation of the adducts, both in organic and aqueous media, will be
provided. Our kinetic and thermodynamic studies are based on techniques such as isothermal
titration calorimetry and 2D EXSY. Additionally, we will provide details on our synthetic strategies
leading to dynamic covalent polymers and networks (Figure 1b), which exploit neighboring-group
interactions. Our results contribute to the fundamental understanding of the formation of dynamic
covalent adducts and the role of specific intramolecular neighboring-group effects, which unveils
new opportunities for the preparation of stimuli-responsive and programmable materials.

Figure 1. Dynamic covalent adduct formation
(a), and frequency-sweep plot of G' and G'' for
a selected dynamic covalent polymer gel
exhibiting
canonical
Maxwell
model
behavior (b).
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The development of mechanically interlocked molecules (MIMs) has undergone a huge evolution
during the last decades, [1] finding interesting applications in different research fields,[2]
remarking their employment in catalysis.[3]
We report here the synthesis of a series of succinamide-based hydrogen-bonded [2]rotaxanes
with an acyclic secondary amine as the catalytic active site. We evaluated their behavior as
catalysts, comparing with that of their non-interlocked threads, in an iminium-type process.[4]
The presence of the interlocked polyamide macrocycle notably increased the catalytic activity of
the entwined organocatalysts, due to the establishment of hydrogen-bonding interactions
between the macrocycle and the electrophile, together with the stabilization of the key iminium
intermediate. Moreover, we modulated the activity of these systems by the variation of the
macrocycle.[5]
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Developing rational design principles for the assembly of functional molecular systems is
one of the fundamental challenges of supramolecular and materials chemistry.[1] While the
application of heuristic methods has proven to be useful also for dynamic covalent chemistry
(DCvC),[2] it has been shown that subtle changes can lead to unexpected reaction outcomes due
to the unpredictability of the energetic landscape.[3] Although important advances have been
made towards the deep understanding of the factors that govern molecular organic cage (MOC)
assembly outside of the directional bonding approach,[4] the general strategy remains the design
of highly rigid building blocks that match the ideal geometry of the desired assembly. However,
two limitations are connected with this: a) the ideal geometry cannot always be achieved due to
the limitations of the organic-chemical space and b) rigidity hampers the adaptability of a
molecular system, preventing it from benefiting from cooperative effects that are a key feature in
biological systems. Herein, we introduce a modulable C3 symmetric platform for the assembly of
tetrahedral organic cages based on boronic acid condensation.[5] By varying the substituents of
the tripodal platform, we experimentally demonstrate that cage assembly is mainly governed by
the solubility and the conformational behavior of the precursor tripod. Molecular dynamicsimulations, systematic conformational scans and variable temperature 1H-NMR studies show
that the substituents of the platform have a major impact on the conformational behavior and that
an appropriate balance between pre-organization and flexibility of the platform ensures maximum
performance in the assembly process. Experimental results were rationalized by considering the
importance of conformational adaptability to fit a non-ideal geometry. The results highlight the
importance of considering the dynamic behavior of the building-blocks in MOC-assembly and
expands the rational design toolbox of DCvC.

References
[1] T. Hasell, A. I. Cooper, Nat. Rev. Mater. 2016, 1, 1-14.
[2] K. Ono, K. Johmoto, et al. J. Am. Chem. Soc. 2015, 137, 7015-7018.
[3] X. Liu, R. Warmuth, J. Am. Chem. Soc. 2006, 128, 14120-14127.
[4] T.P. Moneypenny, A. Yang, et al. J. Am. Chem. Soc. 2018, 140, 5825-5833.
[5] M. Rondelli, A. H. Daranas, T. Martín, unpublished results
1067

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-532

EXPLORING THE FLUXIONAL BEHAVIOR OF BIOINSPIRED ARTIFICIAL
RECEPTORS WITH MD SIMULATIONS
Ricard López-Colla, Rubén Álvarez-Yebraa, Ferran Feixasa, Agustí Lledóa
a

Institute of Computational Chemistry and Catalysis (IQCC), Department of Chemistry,
University of Girona, c/ Maria Aurèlia Capmany i Farnés. 69, 17003, Girona (Spain)
e-mail: ricard.lopez@udg.edu

Keywords: cavitands, supramolecular chemistry, molecular dynamics, bioinspired receptors.
The driving force that confers enzymes their remarkable catalytic performance is closely
linked to the dynamism of the proteinogenic structure. Ligand recognition, size/shape-selectivity
and product release are just a few examples of how important the dynamics are for these
biological systems. Analogously, some bioinspired artificial receptors also show fluxional
behavior, and its understanding is key for applications in catalysis.[1] Given the established
parallelisms of bioinspired receptors with enzymes, we resort to Molecular Dynamics (MD)
simulations –the method of choice for modelling enzymatic catalysis– to reconstruct in detail the
binding and exchange dynamics of supramolecular systems. MD simulations have rarely been
used on artificial hosts, and the few examples found in the literature were limited to the ps-ns
timescale.[2] Herein, a multi‐timescale strategy for exploring the fluxional behaviour of an
experimentally well-studied prototypical cavitand (1, Fig. 1a)[3] –a receptor obtained by covalently
bridging the phenolic moieties of resorcin[4]arenes with aromatic spacers– has been modelled,
exploiting conventional MD and accelerated MD (aMD) techniques (with more than 60µs of
simulations). The use of aMD allows the reconstruction of the folding/unfolding process of the
receptor by sampling high‐energy barrier processes unattainable by conventional MD simulations.
We obtained MD trajectories sampling events occurring at different timescales, such as the
rearrangement of the directional hydrogen bonds on the upper rim, and the folding/unfolding of
the structure transiting partially open intermediates leading to the guest exchange (Fig 1b). Most
remarkably, reweighing of the biased aMD simulations provided kinetic barriers that are in very
good agreement with those determined experimentally by 1H NMR. Overall, these results
constitute the first comprehensive computational characterization of the complex dynamic
features of cavitand receptors, and a leap towards the rational design of synthetic host‐guest
systems.[4]

Figure 1. a) Structure of the cavitand (1) and guest (2) used in this study. b) Equilibrium between
the closed (V) and open (K) conformers, where the guest exchange takes place, connected
through an (un)folding process. Green: 1-adamantanenitrile (2); orange: chloroform.
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Boron trifluoride (BF3) is a highly reactive gas with significant catalytic activity, allowing it
to be involved in various reactions in industry. However, BF3 also causes serious environmental
and health problems due to its corrosive properties and high toxicity, largely due to the production
of HF as a by-product during its degradation in contact with ambient humidity.[1]
In order to fabricate a sensor for this compound, easy to handle and with a fast
measurement time, we have designed a new system based on curcuminoid molecules and
fluorescence changes as the sensing mechanism. For this purpose, the organized immobilization
of curcuminoid (CCMoid) PA by microcontact printing [2] (µCP) on reactive and functionalized
surfaces [3] has allowed the observation of line patterns by fluorescence microscopy, due to the
emission of PA in the green region. After 1-2 min in contact with BF3, the coordination of the βdiketone moiety of the PA with BF2 groups modifies the fluorescence from the visible to the near
IR, emitting in the red region. This process has been shown to be very sensitive and selective
against other boron compounds.
Furthermore, the detailed study of the PA functionalized surfaces, with metals, has also
shown different types of responses. Depending on the chemical species coordinated with PA, it
was demonstrated the increase of the emission intensity, when reacting with diamagnetic metals
such as Zn2+ or the loss of emission, when reacting with paramagnetic metals such as Cu 2+.
Therefore, the different fluorescence changes of PA functionalized surface have allowed the
development of CCMoid-based sensors for metals and metalloids.
PA-BF2

PA

PA

PA-Cu2+

PA

PA-Zn2+
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Chronic kidney disease is considered as a leading public health problem worldwide but
unfortunately, it´s silent disease during the initial stages and therefore a safe and early detection
of renal damage is fundamental to reduce the disease burden. Nowadays, the standard procedure
for the assessment of kidney function relies in changes in the concentration of creatinine in serum
and urine. Some approaches have been recently reported for the quantification of creatinine. Such
is the case of the elegant supramolecular sensing designed by Ballester,[1] Pischel and
coworkers.[2] However, in many cases, serum creatinine levels are not well correlated to a lack of
renal function,[3] and thus, evaluation of alternative biomarkers is crucial for a good diagnosis of
kidney disease. An interesting biomarker could be 3-nitrotyrosine (NT), since, although tyrosine
nitration is related to several pathologies, only for renal damage it has been reported high blood
concentrations of NT.
In order to detect NT, a turn-off fluorescent sensor seems reasonable because
nitroaromatics are efficient quenchers of fluorescence, and additionally, nitroaromatics are not
common biological compounds, and therefore no interference or false positives are expected.
Such molecular sensor could be obtained from a cage formed by tetraphenylethene units, which
are fluorescent due to the restriction of intramolecular rotation within the cage. Fluorescence then
could be quenched by NT in aqueous media and even in human blood serum. This cage is
therefore the first reported fluorescent molecular sensor for nitrotyrosine.[4]

Figure 1. Fluorescence of cage is quenched by NT in human blood serum.
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The functionalization of the triphenylene core with long chains containing organometallics
or coordination metal complexes, offers many opportunities to obtain functional columnar
materials.[1] Metal-dithiolene complexes are good platforms to develop molecular materials with
applications in information and communication technology, global renewable energy, health and
biomedicine. While their molecular properties (electronic structure, optical absorption, redox
behavior) and their electronic properties in the crystalline state (magnetism, conductivity, ...) have
been extensively investigated, their introduction in the broad domain of soft matter is still in its
infancy.[2]
The excellent properties of this system and the few examples of metal-dithiolene discotic
liquid crystals reported encouraged us to develop functional columnar mesophases based on
triphenylene derivatives containing metal-dithiolene fragments. In this communication we report
uncommon mesomorphic triphenylene bis(dithiolene) complexes of nickel(II) (Figure 1). These
complexes display highly segregated multicolumnar mesophases with a hybrid organic/inorganic
structure. Interestingly, the thermal properties are easily modulated by the length of the linker
between the metal fragment and the triphenylene core.

Figure 1. Structure of the triphenylene containing bis(dithiolene) complexes of nickel(II).
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Gemini amphiphiles present significantly improved physicochemical properties, such as higher
surface activity, lower critical aggregation concentration (CAC), higher solubilisation capacity, as
well as better wetting, detergency and emulsifying capacity [1]. Due to these unique properties,
gemini surfactants have important applications in various fields, such as washing, sterilization,
emulsification, cosmetics, antibacterial and antifungal preparations, etc. [2]. Furthermore, cationic
gemini surfactants have shown superior performances in many practical applications [3]. In this
context, gemini surfactants derived from natural amino acids are often biodegradable, meeting
the requirements of both biological and ecological compatibilities [4].
Taking all this in consideration, here we report the synthesis and aggregation behaviour in
aqueous media of imidazolium gemini surfactants derived from L-valine which structure is shown
in Figure 1. Moreover, we present the properties of these compounds as surfactants in different
oil/water (O/W) emulsions and their ability for active and controlled fragrance release [5].

Figure 1. General structure of the imidazolium gemini surfactants
Acknowledgements: Consellería de Innovació, Universitat i Ciencia de la Generalitat
Valenciana (AICO/2021/139).
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Understanding the role of noncovalent interactions in biological systems is of pivotal
significance to scientists working in the fields of supramolecular chemistry and molecular
recognition.[1] Particularly, a precise energetic balance controlled by the formation and removal of
weak binding forces is crucial for preserving the structure and function of many biological
macromolecules (e. g. DNA/RNA and proteins). In biology, signal recognition particle (SRP)
protein-RNA complexes are involved in the recognition and transport of specific proteins to cellular
membranes for insertion or secretion,[2] thus being key players in cell communication phenomena.
In these protein-RNA assemblies, the RNA adopts a hairpin fold stabilized through a tetraloop
pattern. A critical anion-π intramolecular interaction (an attractive interaction between an electrondeficient π-system and an anion)[3] is established between the phosphate of the third base in the
tetraloop (A) and the 6-membered ring of the Guanine in the first position of the tetraloop.
Herein, we provide crystallographic (PDB analysis) and theoretical evidence of the
structural role of anion-π interactions in RNA tetraloops, using SRP-RNA complexes as a case of
study.[4] Particularly, we combined molecular dynamics (MD) and quantum mechanics (QM)
calculations to shed light on the structural influence of phosphate-G anion-π interactions and
hydrogen bonds (HBs) involving K+/Mg2+ water clusters. In addition, the RNA assemblies herein
were further characterized by means of the "atoms in molecules" (AIM) and noncovalent
interactions plot (NCIplot) methodologies. We believe the results derived from this study might be
important in the fields of chemical biology (RNA folding and engineering) and supramolecular
chemistry (anion-π interactions) as well as to further expand the current knowledge regarding
RNA structural motifs.
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The Langmuir monolayer technique provides a unique platform for characterizing the
interfacial self-assembly processes and understanding intermolecular interactions.[1] The
versatility of the Langmuir technique allows for the study of intriguing systems beyond classical
surfactants, including organic/inorganic hybrid composites, complex biomolecules and functional
nanoparticles, among others.[2]
Given the growing relevance of self-assembled nanostructures displaying AggregationInduced Emission (AIE) with applications in imaging, biology and functional devices, the interfacial
self-assembly of purposefully designed combination of amphiphilic block copolymers was studied.
The copolymers included tunable lengths of hydrophilic polyethylene glycol and hydrophobic AIE
polymer poly(tetraphenylethylene-trimethylenecarbonate). AIE fluorescence at the air/liquid
interface was successfully achieved by the self-assembled nanostructures.[3]
The self-assembly of a new set of amphiphilic saddle-shaped polycyclic aromatic
hydrocarbons (PAHs) into large 2D-polymers was studied at the air/water interface. Curved PAHs
are able to self-assemble into remarkably large sheets up to 150 µm2 as observed by electron
microscopy. In this direction, the role of the hydrogen bonding in supramolecular self-assembly
and the formation of supramolecular polymers was studied by a combination of supra-amphiphiles
displaying exclusively aromatic stacking or including hydrogen bonds mediated by amide groups
as intermolecular interactions. The directing capability of the amide group via hydrogen bonding
in the self-assembly was assessed.

Sketch of inorganic nanoparticles and organic surfactants on a mixed monolayer at the air/water
interface
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The synthesis of self-assembled nano-structures is especially important owing to the
specific molecular arrangement that may induce changes in the properties of the system. The aim
of this work is the study of the self-assembling via the Langmuir-Blodgett (LB) method of a series
of 1,10-phenantroline-Cu(II) and Cu(I) complexes. Such complexes are well known for their
potential in solar energy harvesting, light emitting applications and photoredox reactions.[1] To the
best of our knowledge, the literature on phenantroline complex-based LB films is limited to very
few reports.[2]
Two phenantrolines were employed in order to afford the required amphiphilicity for the
formation of Langmuir films: 4,7-didodecyloxy-1,10-phenantroline (L1) and 2,9-didodecyloxy1,10-phenantroline (L2). Neutral and cationic Cu(I) and Cu(II)-complexes were synthesized and
characterized. As expected, the Cu(I) complexes are readily oxidized in solution, but not in the
solid state. This lack of stability prevents its use in the formation of Langmuir films and, for this
reason, Langmuir and LB films of the ligands and of the Cu(II) complexes were prepared and
studied. The way to get LB films of the Cu(I) derivatives consisted in the treatment of the Cu(II)
LB film with a reducing agent.[3] The change in the oxidation state is easily followed by UV-Vis
spectroscopy.
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Coordination-driven self-assembly has been a useful strategy to design a wide range of
hosts, featuring different shapes and sizes, capable to interact with multiple guests.
Supramolecular nanocapsules have an interest to host different guests in a selective manner or
infer them distinct reactivity due to the confinement effect. In this work, we focus on the synthesis
of new tetragonal prismatic nanocapsules featuring large cavities, 6 to 9, which were fully
characterized by NMR, ESI-MS and XRD (Figure 1). Following reported procedures by our group,
we developed the self-assembly of tetracarboxylated metalloporphyrins with different macrocyclic
clips resulting in different cavity size (16.8 Å for 6-7 and 18.4 Å for 8-9). The new supramolecular
nanocapsule 6 could host larger fullerene species such as the Saturn-like C60⊂[10]CPP complex
developing an unprecedented Matryoshka-like three-shell system.[1] The exposure of the tightly
associated three-shell adduct, C60⊂[10]CPP⊂6, to Bingel cyclopropanation reaction conditions,
afforded the pure isomeric trans-3 bis-adduct and avoided the common over-functionalization. In
second place, we studied the ability of 6-9 to host higher fullerenes and the azafullerene (C59N)2
and their binding affinities, showing a strong interaction for C84.[2] Finally, the nanocapsule 8, was
used as a template to develop sub-nanometric Ru NPs together with inner [Ru5] clusters
characterized by HRMS and studied by DFT.[3] Moreover, these Ru NPs were catalytically active
for the selective hydrogenation of styrene. These supramolecular nanocapsules are a versatile
system capable to expand on many functions that have an interest in fields such as organic
photovoltaics, biomedicine or materials science.

C84

+ other higher
fullerenes

C84 7
6, 8 (M = Pd)
7, 9 (M = Cu)

C60 [10]CPP

Ru

C60[10]CPP6

H2
8 + Ru NPs (~0.7 nm)

Ru(COD)(COT)

Figure 1. Schematic representation of the multiple-functionality nanocapsule being a suitable
host for C84, (C59N)2 or C60⸦[10]CPP and a strategy for the development of Ru NPs (TEM
image).
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The development of self-assembled functional materials has recently attracted a great deal
of attention.[1] In this regard, materials based on conjugated -systems and organic dyes are
especially interesting due to their photonic and electronic properties that make them useful for
applications in organic electronics.[2] Naphthalene diimide (NDI) is one of the most stable electron
deficient dyes with a strong tendency to self-assemble via - stacking, coulombic interactions or
hydrogen bonds. This characteristic makes them a serious candidate to develop liquid crystals
and supramolecular polymers.[3] In this line, NDIs present the possibility to tune their optical
properties and their self-assembly pattern by synthetically accessible structural modifications
giving access to H- and J-type assemblies of different nature.[4]
Herein, we report a new NDI that form J-aggregates in solution as well as in liquidcrystalline (LC) state. The new NDI-1 has two NH at the imine positions and two tris(3,4,5trisdodecyloxy)benzyl amine substituents at the positions 2 and 6 of the core. This structure
provides to NDI-1 a great thermal stability, high solubility in organic solvents and high capacity to
interact via hydrogen bonds. UV-Vis studies shows that NDI-1 forms a J-aggregate (Figure 1a) in
methylcyclohexane (MCH) that are formed by hydrogen bonding interactions, according to FT-IR
experiments. Transmission electron microscopy (TEM) reveals the fibrillar morphology of the
aggregates in MCH. On the other hand, the LC behavior of NDI-1 was studied by POM, DSC and
SAXS experiments, and reveal the formation of a columnar LC J-aggregate in a wide temperature
range (Figure 1b). Detailed X-ray analysis and polarized UV-vis experiments on aligned samples
reveal that the NDI cores are oriented in the columnar structure with the cores parallel to the
columnar axis, which is an uncommon LC assembly. The new LC NDI J-aggregates are promising
candidates for applications in photonics or electronics.

Figure 1. a) UV-Vis spectra of NDI-1 in CHCl3 (monomer) and in MCH (J-aggregate). Insets show
the TEM images of the morphology of the NDI-1 aggregates. b) Integrated intensities along the
equator of the SAXS patterns of aligned fibers of NDI-1 at 60 ºC. Insets show POM images of
NDI-1 at 200 ºC (left), 160 ºC (middle) and 25 ºC (right).
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In the last years, the synthesis of molecular cages and the study of their properties have
gained a growing interest in the field of supramolecular chemistry.[1] In particular, molecular cages
possess large cavities capable of accommodating different types of guest molecules allowing a
wide range of applications.[2] In particular, molecular cages have been used in catalysis, sensing
and biomedical applications like cell imaging or as drug delivery systems, among others.[3]
Molecular cages are a class of molecular containers that are formed via a driven selfassembly between different building blocks that allow a precise control of shape, size and
functionalization of the cage cavities.[4] Molecular cages have the potential to mimic biological
molecules and, as a consequence, reach the complexity found in biological systems to achieve
the desired functionality.[5] In this way, the use of host-guest chemistry along with these mimical
molecules opens the possibility to use them in different biomedical application. As an example,
supramolecular chemistry opens the possibility of using molecular cages as mimicking systems
of an enzyme’s active site, leading to an enhancement of chemical catalyzed reactions.[6]
This communication will describe different synthetic approximations to prepare molecular
cages with a central cavity designed to host a small guest molecules. To achieve that purpose,
the main synthetic procedure is based on two different building blocks, in which one of them
possess an aldehyde functional group and the other an amine derivative, which by self-assembly
form the desired molecular cages that can eventually be used in applications like sensing or in
drug-delivery systems.[7]
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CIDEGENT/2020/031 funded by Generalitat Valenciana and Project PID2020-113256RA-I00
funded by MCIN/AEI /10.13039/501100011033.
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Intramolecular interactions such as the hydrogen bonds (HBs) formed by peptide bonds
define secondary and tertiary structures in proteins and communicate conformational information
from one region to another in a protein’s structure. Squaramides (SQs) are bioisosteres of the
peptide bond, with hydrogen bond donor and acceptor groups that define their self-assembly
properties.[1] In this work we present a family of molecules with multiple SQ units attached to
oligo(phenylene-ethynylene) (OPE) rigid rods, which are designed to mimic intramolecular
communication in proteins (Figure 1a).[2] The crystal structures of some of our compounds
revealed that OPEs are an optimal scaffolds to promote the formation of linear intramolecular SQchains, with all the SQ units in the same direction. Spectroscopic studies confirmed the formation
of similar conformers in solution. The presence of different control groups (CG) at one end of the
rigid rod induces different directionalities of the SQ units (with respect to the rigid rod), exerting
intramolecular conformational control at the nanometre scale (Figure 1b). This family of OPE-SQ
rigid rods permits us to study intramolecular communication processes, as well as cooperativity
in the SQ-SQ interactions. Moreover, we have observed significant differences in the selfassembly properties of these compounds.

Figure 1. a) Preferred conformers formed by OPE-SQ rigid rods. b) Conformer observed in the
crystal structure of an OPE-SQ rigid rod with a thiourea unit as the control group.
References
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Self-assembled nanotubes are one of the most relevant supramolecular structures due
to their dimensions and the possibility of housing and transporting guest molecules inside them.
Introducing different functionalities to these supramolecular entities would be an elegant tool to
increase their applicability. However, there are only a few examples where pore functionality is
used.[1] In our research group, self-assembly processes for the formation of cyclic tetramers
through hydrogen-bonding of nucleobase derivatives (guanine and cytosine) has been widely
studied.[2] This project is focused on the preparation of liposoluble self-assembled nanotubes
having an inner pore that can be functionalized with hydrophilic groups, either neutral or charged,
able to extract selectively polar substances in their interior. The use of dyes will allow to observe
the inner pore functionality, an open gate for future research.[3]
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The adjustment of the available surface area has been proven a successful strategy for
tuning the mechanical stimulus of surface pressure in 2D, allowing the directed self-assembly of
molecules of interest at the air/liquid interface.[1] In this case the self-assembly process is
challenged due to the intrinsic distortion of the molecules.
Nanographene derivatives, new amphiphilic heptagon-containing HBCs (hexa-perihexabenzocoronene),[2] HBC 1 and HBC 2, with different distorted central plane have been
studied and characterized at the air-water interface, and the 2D assembly properties have been
analyzed. The surface area per HBC derivative molecule was finely adjusted by the Langmuir
technique. Detailed information on the molecular arrangement at the air/liquid interface was
obtained by devoted experimental techniques, mainly by UV–vis reflection spectroscopy (R) and
Brewster angle microscopy (BAM). Molecular feature on the arrangement of the HBCs molecules
and relevant molecular interactions are convincingly described.
The molecular arrangement proposed and based on experimental results is supported by
molecular dynamics simulations.

HBC 1

HBC 2

Figure: BAM images of the nanographene derivatives assembled at the air/water interface and
Molecular orientation derived by dynamics simulations.
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miRNAs are non-coding short single-strand oligonucleotides present in human cells and
fluids that play a key rol in a vast number of gene regulation processes, including cancer. Up- or
down-regulation of miRNA expression levels gather several features of ideal biomarkers, as they
are specific for certain diseases, sensitive to changes in pathological states, readily available
through biological fluids and a potential source of early diagnosis [1]. For these reasons, they have
received great attention and, therefore, the development of new methodologies for their sensitive
detection is a crucial part in the application of these biomarkers to the early diagnosis of relevant
related diseases.
In this work, we have developed a sensitive luminescent strategy based on Dynamic
Chemistry for the in vitro detection of miRNAs .[2] For that purpose, the corresponding miRNAs
hybridize to specific PNA probe (DGL) and, subsequently, is tagged with a luminescent smart
base (SB).[3, 4] DGL is a synthetic non-charged complementary strand (PNA) of target miRNA,
and the SB is a nucleotide that is labelled with the ultra long-lifetime luminescent probe DTBTAEu (~1 ms). Reading of positive output signal is performed by photoluminiscence lifetime imaging
(PLIM) measurements. Importantly, this strategy allows us to carry out time-gated experiments to
differentiate the long-lifetime luminescence signal coming from the target miRNA labelled with the
DTBTA-Eu cryptate from undesirable background fluorescence that comes, mostly, from potential
biological sources and impurities that show lifetimes in the nanosecond scale (1-4 ns). This
approach has been successfully employed for the ultrasensitive detection of low concentrations
of miRNA.
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Supramolecular polymers can be defined as a self-assembly formed from one or more molecular
components through reversible non-covalent interactions such as hydrogen bonding and halogen
bonding.[1] The formation of anion induced supramolecular polymers is a practically non-explored
research field.[2-4]
In this work, we report a comparative study between two new receptors (figure 1) which use two
triazolium or iodotriazolium units and squaramide groups as anion binding sites. The 1H NMR
spectra did not promote any shifts until the addition of 4.0 and 6.0 equivalents of SO42-,
respectively (figure 2). The changes observed suggest that the receptors can recognize the
anions and form supramolecular polymers in the competitive solvent DMSO-d6 by a cooperative
polymerization mechanism. The new supramolecular structures were also detected by UV-Vis
spectroscopy, Dynamic Light Scattering and DOSY 1H NMR experiments.

Figure 1. Chemical structure of the anion receptors.

Figure 2. 1H NMR titration profiles for the receptor 1 (left) and receptor 2 (right) in presence of
SO42- anions in DMSO-d6.
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Hydrogen-Bonded Organic Frameworks (HOFs) are porous materials obtained from
discrete molecules that produce a 2D or 3D networks by hydrogen-bond interactions. There have
been many different synthons reported for the construction of such networks based on different
systems like carboxylic acids, diiminotriazine, imidazole or urea, among others. Over the past
decade, new HOFs have been synthetized and studied for several applications, such as gas
separation and storage, fluorescent sensing, heterogeneous catalysis, biological applications and
photoluminescent materials, among others.[1]
Recently, our research group reported a 2D organic monolayer that self-organized on a
Au(111) surface though complementary donor and acceptor N-H···N hydrogen bonds.[2] Inspired
by these results, herein, we present the rational design of a new HOF whose reticular structure is
governed by reciprocal NH···N hydrogen-bonding interactions. To this end, unprecedented
building blocks within the context of HOFs, based on fused heteroaromatic systems, have been
synthesized to build up a novel 3D network. The porous supramolecular system has been
unambiguously characterized by single-crystal X-ray diffraction, showing a network that is held
together by the cooperative effect of hydrogen bonds and intermolecular π-π interactions.
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This Project focuses on establishing an unconventional and versatile strategy to prepare
predesigned a self-assembled nanotube where we can control the size, shape, composition and
the organization at the nanoscale by supramolecular chemistry. Cyclic tetramers are formed
through self-assembly process from 4 monomeric π-conjugated units via Watson-Crick hydrogen
bonding.[1] Following the formation of cyclic tetramers, self-assembled nanotubes will be achieved
through a nucleation-growth cooperative mechanism in organic solvents, due to the combination
of π-π stacking between central unit and the hydrogen bonding interactions of the nucleobases
that form the monomer.[2] Different types of supramolecular aggregates are formed depending on
the nucleobase pairs (G, A, U, C) installed in monomers.[3]
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Cyanine dye aggregates are promising systems for optoelectronic devices due to their
outstanding optical and transport properties, with exciton diffusion lengths up to the micrometer
scale.[1] Supramolecular organization within the solid structure determines its optical properties
and, therefore, a clear understanding of the structure-function relationship is fundamental for the
rational design of novel materials with tailored properties.[2] In this work, we theoretically explore
different supramolecular pathways for a cationic cyanine derivative decorated with 5-[(4-pentylcyclohexyl)-phenyloxy]-pentyl chains and the impact of the final supramolecular arrangements on
the optical properties. Our main goal is to rationalize, by computational modelling, the complex
experimental absorption spectra that seem to point out to the presence of different
kinetic/thermodynamic assemblies. We propose plausible atomistic models for the
supramolecular growth of the cyanine derivative aggregates which can explain the optical
properties experimentally registered. Our results reveal that the counter anion plays a relevant
role on the aggregation dynamics and that these aggregates possess a very large exciton
coupling, which is important for potential applications in the field of organic electronics.
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The study of anion complexation has been accumulating the interest of researchers in the
last twenty years. Since them, a vast number of research studies have cover areas such as
sensors, anion-responsive materials, organocatalytic processes involving anion complexation,
selective extraction of anions, or transport of anions across cell membranes.[1]
In the group of the professor Granja, we have been working with cyclic peptides that are
able to self-assembly creating supramolecular structures.[2] In the last years, we have been
exploiting these properties to develop peptide-based capsules to entrap different type of
molecules or ions.[3]
The work that we present here is focused on the use of our peptides for selective anion
binding and recognition. For that purpose, different molecular caps were incorporated and their
biding activity was evaluated using different tripodal caps and anions.
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POLYMORPHISM IN SQUARAMIDE BASED SUPRAMOLECULAR
POLYMERS
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Polymorphism and pathway complexity are rather new concepts in supramolecular
polymerization and have attracted a lot of attention as sophisticated elements to control the selfassembly processes and the development of functional materials.[1] Herein we present a new
family of squaramide derivatives exhibiting pathway complexity originated from its geometrical
isomerism and their versatile interaction patterns.[2] The squaramide (1,2-diaminocyclobuten-3,4dione) units are well-known hydrogen bonding groups in supramolecular chemistry and present
two different and stable geometrical conformations (Z,E and Z,Z).[3] Interestingly, we prepared
novel squaramide derivatives self-assemble in organic solvents into different supramolecular
polymers depending on their preferred Z/E conformation and interaction pattern (side-to-side or
head-to-tail hydrogen bonds).[4] Remarkably, the conversion in between aggregates was achieved
under kinetic conditions by good-bad solvent experiments and temperature shock, and under
thermodynamics conditions by temperature and concentration variation. This unique and versatile
behavior converts squaramide units into promising building blocks for the development of
supramolecular materials exhibiting polymorphism and pave the way to realize a new class of
supramolecular polymers capable to change its nanostructure and morphology upon application
of external stimuli.

Figure 1. Schematic illustration of the Z/E isomerism in squaramides and the different hydrogen
bonding pattern leading to different supramolecular polymers.
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POROUS HYDROGEN-BONDED ORGANIC FRAME-WORKS BASED ON
TTF-DERIVATES AS A SEMICONDUCTOR MATERIALS
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Hydrogen-bonded Organic Frameworks, or HOFs, are three-dimensional supramolecular
materials self-assembled through hydrogen bonding interactions, producing porous molecularbased crystalline materials, that, similar to other porous materials such as MOFs and COFs, can
been used in gas storage, separation, encapsulation or proton conductivity[1].
Tetrathialfulvalene-tetrabenzoic acid, H4TTFTB, is a molecule that has been used in the
construction of conductive MOFs[2]. Herein, we study the use of H4TTFTB for the construction of
a HOF that can present porous channels and suitable overlap between the TTF moieties. By
tuning the synthetic conditions, three different polymorphs have been obtained, denoted MUV20a, MUV-20b, and MUV-21. All of them presenting open structures and suitable TTF stacking
for efficient orbital overlap. Whereas MUV-21 collapses during the activation process, MUV-20a
and MUV-20b offer high stability upon evacuation.
Interestingly, both MUV-20a and MUV-20b present a zwitterionic character with a positively
charged TTF core and a negatively charged carboxylate group. First-principles calculations
predict the emergence of remarkable charge transport by means of a through-space hopping
mechanism fostered by an efficient TTF π-π stacking and the spontaneous formation of persistent
charge carriers in the form of radical TTF•+ units. Transport measurements confirm the efficient
charge transport in zwitterionic MUV-20a and MUV-20b with no need of post-synthetic treatment
(e.g., electrochemical oxidation or doping), demonstrating the semiconductor nature of these
HOFs with record experimental conductivities of 6.07 × 10–7 (MUV-20a) and 1.35 × 10–6 S cm–1
(MUV-20b)[3].

Figure 1. a) Crystal structure of MUV-20a and MUV-20b showing the channels along the a-axis
as semiconductor materials. b) Crystals structure of MUV-21 as insulator material showing the
channels along the a-axis.
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PREPARATION OF PSEUDO[1]ROTAXANES THROUGH
FUNCTIONALIZATION OF PYRIDINIUM-BASED MACROCYCLIC HOSTS
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Pazosa and Marcos D. Garcíaa
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In the context of host-guest macrocyclic chemistry, some of the current challenges consist
in the development of receptors that implement stimuli-responsiveness or constitutional
dynamism, as well as the introduction of recognition capabilities in aqueous media. For this
reason, there is a great interest in developing synthetic strategies to generate highly
functionalized macrocyclic hosts. Herein, we present the development of a new series of
pyridinium-based cyclophanes, the “fun boxes”, based on the previously reported “red box”[1] and
“red cage”[2]. The new macrocycles can be efficiently prepared in acidic water by a
hydrophobically-templated kinetically-controlled hydrazone-based macrocyclization of the
appropriate aldehyde and hydrazine building blocks. Moreover, these cyclophanes present pHresponsiveness and supramolecular host character, as they can include electron-rich
polyaromatic guests such as dihydroxynaphtalene derivatives.
Crucially, the starting materials have a mismatched number of reacting centers, introducing
an extra aldehyde or hydrazine group into the structure. The further exo-functionalization of the
macrocycles was explored under either thermodynamic or kinetic control. Finally, the compounds’
molecular recognition properties and exo-functionalization capability were combined for the
preparation of an intramolecular pseudo[1]rotaxane.

Figure 1. Schematic representation of the macrocyclization process and subsequent exofunctionalization yielding a pseudo[1]rotaxane.
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RATIONAL DESIGN OF D-A-D NAPHTHALENDIIMIDE AND
PERYLENEDIIMDE WITH POTENTIAL APPLICATION AS N-TYPE
SEMICONDUCTORS IN ORGANIC FIELD-EFFECT TRANSISTORS
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In the last decades, organic molecules have attracted the interest of the research due to
their enormous potential in electronic devices like organic field-effect transistors (OFETs). In this
way, an interesting strategy is to build donor-acceptor-donor (D-A-D) architectures, making easier
intramolecular charge transfer (ICT), necessary for this kind of devices.
In this sense, naphthalenediimide (NDI) and perylenediimide (PDI) derivatives are very
interesting due to their planar structure, their acceptor character, their self-assembling capacity
and the possibility of combining with different donor groups, to obtain D-A-D systems.
Furthermore, Computational Chemistry is a powerful tool in Organic Chemistry because it can
predict properties of compounds before synthesizing them avoiding unnecessary synthesis and
contributing to more economic and sustainable processes.
Taking into account all these premises, in this work, D-A-D napthalenediimide and
perylenediimide derivatives (Figure 1) with different alkynyl donor groups were chosen. Firstly,
these compounds have been theoretically studied, then they were synthesized, and OFET
devices were manufactured under different conditions. The results obtained from this study
showed a behaviour as n-type semiconductors with high electron movilities, [1] improving the
electrical efficiency with respect to previous D-A naphthalenimide derivatives described by our
research group. [2]

Figure 1. Different series of D-A-D naphthalenediimide and perylenediimide derivatives.
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SELECTIVE FORMATION OF HIGHLY EMITTING ANTHRACENE T-SHAPED
EXCIMERS ALLOWS FLIM IMAGING IN BREAST CANCER CELL LINES
a
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We recently reported a new anthracene-guanidine (AG) derivative able to form the rare Tshaped dimer in water solution, and where water molecules play a fundamental role assisting the
self-assembly though H-bonds. Such T-shaped dimer formation is easy to be controlled, and
stability depends mainly on the response to external stimuli: pH values within 4 – 10, water molar
fraction ranging 0.8 – 1, and concentrations < 10 µM reinforce the stability enhancing
luminescence properties - extremely high quantum yield (QY≈ 1) and maximum emission at 515
nm and large fluorescence lifetime (≈ 25 ns).
Next, we studied the behaviour of the AG dimers in biological systems, where different
physiological factors such as the ionic strength, the presence of biological macromolecules, and
the viscosity, among others, may affect their rate of formation or persistence. Fluorescence
Lifetime Imaging Microscopy (FLIM) was used to monitoring populations of GA in human breast
cancer (MCF7, BT474 and MDA). Results show a selective formation of T-shaped dimer in breast
cancer cell lines (see Figure 1).

Figure 1. FLIM images of the studied cell lines along with the respective overall histograms of the
average emission lifetimes and the emission spectra collected st selected points in the cell nucleii
(red) and cytoplasm (blue).
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Nature has shown its own capacity to form self-assembled tubular systems with specific functions,
like tube-forming proteins including tubulin or aquaporin, or even with sequence-controlled
polymerization, mainly the natural DNA. Inspired in these biological systems, our project aims to
establish a versatile, unconventional and reliable strategy based on non-covalent interactions
which allows the formation of discrete tubular systems [1] in an aqueous medium through the
stacking of discrete supramolecular macrocycles. [2], [3], [4] We have designed and synthesized two
π-conjugated and symmetric semicircular fragments equipped with two amidinium (A) and two
carboxylate (B) functional groups at the edges, respectively, and with hydrophilic chains to
improve solubility in water (Figure 1). Cyclic dimers are formed due to the high complementarity
and association strength of these functional groups through the so-called amidinium-carboxylate
“salt-bridge”.[5] Finally, the formation of polymeric self-assembled nanotubes in water is achieved
by π-π stacking between these cyclic dimers.

a
b
A

400nm

A:C
C

[A:C]n

Amidinium:Carboxylate
recognition

Self-assembly

Figure 1. a) Self-assembly of complementary monomers into cyclic dimers that stack into
nanotubes in H2O b) AFM images of a 1:1 A+C mixture deposited from H2O (10-7 M) onto mica.
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SELF-SORTING PHENOMENA GOVERNED BY CHELATE COOPERATIVITY
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Addressing self-sorting phenomena is the main topic of this work. In particular, the
narcissistic macrocyclization behaviour of our dinucleoside monomers (Figure 1). We provide a
great example in which self-sorting nucleobase self-assembly is demonstrated to be ruled by
chelate cooperativity.[1,2] A combination of 1D and 2D NMR, CD, and fluorescence spectroscopy
with donor-acceptor FRET pairs,[3,4] in diverse solvents and concentration ranges, allows us to
establish qualitative and quantitative relationships between the cooperativity of a cyclic system
and the self-sorting fidelity when combined with other molecules that share identical geometry
and/or binding interactions. We demonstrate that only systems displaying sufficiently strong
chelate cooperativity can achieve quantitative narcissistic self-sorting fidelities, either by dictating
the distribution of cyclic species in complex mixtures or by ruling the competition between the
intra- and intermolecular versions of a noncovalent interaction.

Figure 1. Dinucleoside G-C, iG-iC and A-U monomers
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Ruben Alvarez-Yebra,a David Lozano, b Ricard Lopez-Coll, a Agustí Lledó a
a

Institut de Química computacional i Catàlisi (IQCC), Universitat de Girona
Maria Aurèlia de Capmany, 69, 17003, Girona.

b

Department of Chemistry, University of Southampton, Southampton SO17 1BJ.
e-mail: ruben.alvarez@udg.edu

Keywords: Supramolecular chemistry, cavitand, calixarene, PAH, fullerene
One of the fundamental objectives of supramolecular chemistry is imitating the complex
functions of proteins, which is a challenging task.[1] Calixarene-based cavitands –synthetic
receptors–, are presented herein as excellent candidates to replicate the rich host-guest
chemistry of bioreceptors, satisfying the main features that enable it: a confined space isolated
from the bulk media, and enough flexibility to engage in induced fit behavior.[2,3]
We present a new family of highly flexible cavitands based on calix[5]arene scaffolds, which
are stabilized in cone or pinched-cone conformations by means of a hydrogen bond network at
the mid-section of the structure. Moreover, the modulation of the lower rim directly impacts the
cavity’s shape: the O-methyl derivatives ([C5]OMe) provide oblong shaped cavities, whereas the
corresponding phenolic derivatives ([C5]OH), which feature additional hydrogen bonding at the
lower rim, provide wider spherical shapes (Figure 1a). This control in the shape of the cavity
allows the selective molecular recognition of guests with different shapes. For instance, oblong
cavitands are a good match for large, planar polycyclic aromatic hydrocarbons (PAHs),[4] while
3D structures such as fullerenes are a better fit for the spherical cavitands (Figure 1b).

Figure 1. a) [C5]OMe (up) and [C5]OH (down) calixarene cavitands. b) Host-guest complexes
with complementary shape fit: coronene⊂[C5]OMe (up) and C60⊂[C5]OH (down).
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Lipopeptides are an exceptional example of amphiphilic molecules that self-assemble into
functional structures offering an interesting applicability into a considerable number of fields.[1]
Their self-organization is highly determined by the sequence of amino acids, something that
prompted a rational design to control their morphology and activity. However, identifying small
(lipo)peptides with defined supramolecular behaviour, catalytic properties or biological activity is
still a challenge.[2,3]
Our group have synthesized a library of amphiphilic short lipopeptides that combine N-fatty acyl
amino acids and all possible combinations of N- and C-lipidated dipeptides from Ser and His.[4]
Their supramolecular behaviour has been systematically studied, and their Critical Aggregation
Concentration (CAC), particle size, stability (zeta-potential) and morphology have been reported
(Figure 1, left). In addition, their antimicrobial activity has been evaluated, showing promising
results with a respectable selectivity towards Gram-positive strains.
Systems where self-assembly structures of an amphiphilic product catalyse an interfacial reaction
to form their own components have been studied, most of the examples generating
thermodynamically stable species.[5] Our most recent research suggests that two phaseseparated reactants, hydrophobic carboxylic acid (or a derivative) and hydrophilic amine (amino
acid) react across the interface to form amphiphilic peptides (Figure 1, right). Screening the
activating agent, reaction conditions, solvent, pH or temperature was crucial to observe an
autocatalytic phenomenon. We are currently evaluating the scope and extension of this system
to further explore complex behaviours, such as competition and selection or non-equilibrium
regimen.
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Aminals are characterized by the connectivity of two amino groups to the same carbon
atom, being the nitrogenated equivalent of acetals. Unlike acetals, aminals have been slightly
underexplored in dynamic covalent chemistry due to their inherent instability.[1] In addition, stable
aminals from primary amines are rare since they exist in solution in equilibrium with other species,
Figure 1a. We have recently described the formation of stable and dynamic aminals[2] that
represents, to the best of our knowledge, the first example from primary amines and carbonyl
compounds Furthermore, inspired by the preparation of macrocycles through a templated
reaction[3], we have reported the preparation of stable [2+2] macrocycles by aminal bonds
formation between aromatic dialdehydes and bis(1,3)-diamines based in in 3,3’-diaminopivalic
compounds,[4] Figure 1b.
Macrocycles have been characterized by NMR and MS, showing that, despite the large
number of possibilities within the corresponding dynamic equilibrium, a single [2+2] macrocycle
is mainly formed, without requiring the presence of any template. These macrocycles keep a
dynamic behaviour and a surprising water stability, opening the door to be applied in new stimuliresponsive materials for biomedical applications.

Figure 1: a) Equilibrium of species after reaction of primary amines and carbonyl
compounds. b) Formation of [2+2] macrocycles by aminal bonds.
Acknowledgments: The present study has been supported by MCI/AEI/FEDER CTQ201675870P and RTI2018-096182-B-I00; by Andalusian Regional Ministry Health (grants: PI-02502016); by AGAUR (2017 SGR 208), by the European Regional Development Fund (ERDF) and
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References
[1] B. Buchsnée Levrand, G. Godin, A. Trachsel, J. Y. De Saint Laumer, J. M. Lehn and A.
Herrmann , Eur. J. Org. Chem., 2011, 681 —695.
[2] D. Carbajo, A. J. Ruiz-Sánchez, F. Nájera, E. Pérez-Inestrosa, I. Alfonso. Chem. Commun.
2021, 57 (10), 1167–1268.
[3] I. Alfonso, M. Bolte, M. Bru, M. I. Burguete, S. V. Luis, J. Rubio, J. Am. Chem. Soc. 2008, 130
(19), 6137–6144.
[4] A. J. Ruiz-Sanchez, P. Mesa-Antunez, et al. Polym. Chem. 2015, 6 (16), 3031–3038.
1097

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-563
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Platinum(II) complexes have been studied in the last years as possible antitumoral
agents,[1] catalyzer,[2] chemosensor,[3] among other applications. These complexes present also
interesting photophysical properties. Recently, the luminescent and aggregation properties of 2,6bis(triazolyl)pyridine-Pt(II) derivatives have been studied. In particular, the role of the Pt-Pt
interactions on the nature of the emissions and the factor driving the self-assembly of these
compounds have revealed a strong dependence on the media composition. [4-5]
Herein, we present a new family of Pt(II) complexes using the ligand 2,6-bis(3-(p-tolyl)-1H1,2,4-triazole-5-yl)pyridine (L) and three different diphosphine ligands. The diphosphine used
presents a short length between the phosphine atoms to allow the proximity of Pt(II) centers. We
evaluate the formation of aggregates in H2O: CH3CN mixtures increasing the water contents from
66 to 99%. The resulting effects on the emission properties have been analyzed. Although these
compounds were tested to analyze the capacity of singlet oxygen production.

Figure 1.- Structure of Pt(II) pincers used in this work
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Supramolecular structures such as capsules, cryptands or macrocycles are interesting
systems for the selective recognition of small molecules and capable to transport cargoes through
synthetic and natural barriers.[1] These systems could be applied in drug delivery, pollution
remediation, catalysis and in many other areas. Of outmost importance, the supramolecular
systems could target biomolecules such as nucleic acids or proteins and exert a synergetic effect
of the encapsulated molecule and the capsule itself.
Among the novel drug targets in drug discovery, epigenetic alterations, including histone
modification, nucleosome remodelling and other non-coding mediated structures[2] have attracted
the attention in the last decades because of the development of drug resistance. One of the most
attractive non-coding structures in anticancer drug development are G-quadruplex (G4) DNA and
RNA. G4s are non-canonical nucleic acid structures formed in guanine-rich sequences, in which
four guanine bases held together by Hoogsteen hydrogen bonds form a G-quartet, and then two
or more G-quartets stack to form the G-quadruplex structure retaining sodium or potassium ions
in a central core channel.[3] Strikingly, a large number of putative G-quadruplex forming
sequences have been identified in the genomes of human, microorganisms and viruses, and
evidences suggest their pivotal role in key biological processes. In particular, telomeres are
regions enriched with putative G4-forming DNA sequences and have been associated to ageing
and cancer. Telomere sequences comprise hundreds of TTAGGG repeats which form a
superstructure constituted by multiple G4s, termed as multimeric G4s (multG4s). Therefore,
multG4 structures are currently tested as a therapeutic target to block telomere elongation in
cancer cells.
Herein, we present our synthetic efforts to develop new organic capsules able to interact
with multG4s. We have prepared a family of linear, macrocyclic and cryptand ligands containing
triphenylamine moieties.[4] Several biophysical assays (FRET melting, fluorescence spectroscopy
and gel electrophoresis) have been used to characterise the interaction towards multG4s,
monomeric G4s and duplexes. Furthermore, we evaluated the encapsulation ability of our ligands
for anionic species such as cell-staining agents and drugs by potentiometry and NMR.
Our results point out the importance of the number and class of the substituents, the
molecule net charge and the reinforced structure of the ligands to bind strongly multimeric G4s
and encapsulate small molecules. Among the series, cryptand-like ligands arise as potent and
selective G-quadruplex binders of multimeric G4 structures as well as capable of encapsulate
molecules. This supramolecular approach could be applied to target the telomeric regions and
other important pathway involved in cancer biology.
References
[1] (a) E. G. Percástegui, T. K. Ronson, J. R. Nitschke. Chem. Rev., 2020, 24, 13480–13544. (b)
G. T. Williams et al., Chem. Soc. Rev., 2021, 50, 2737-2763
[2] T. K Kelly, D. D. De Carvalho and P. A. Jones, Nat. Biotechnol., 2010, 28, 1069–1078.
[3](a) D. Rhodes and H. J. Lipps, Nucleic Acids Res., 2015, 43, 8627-8637; (b) N. Kosiol, S.
Juranek, P. Brossart, A. Heine and K. Paeschke, Mol. Cancer, 2021, 20:40.
[4] I. Pont et al., (a) ChemBioChem, 2020, 21, 1–12; (b) Chem. Eur. J., 2018, 24, 10850–
10858.

1099

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-565

SUPRAMOLECULAR LARGE NANOSHEETS NANOSHEETS OF
NANOGRAPHENE DERIVATIVES AT THE AIR/WATER INTERFACE
Irene López-Sicilia,a Arthur H. G. David,b Mari C. Mañas-Torres,b Marcos D. Codesal,b María T.
Martín-Romero,a Luis Camacho,a Juan M. Cuerva,b Victor Blanco,b Juan J. Giner-Casares,a Luis
Álvarez de Cienfuegosb and Araceli G. Campañab
a
Departamento de Química Física y T. Aplicada, Instituto Universitario de Investigación en
Química Fina y Nanoquímica, IUNAN, Facultad de Ciencias, Universidad de Córdoba, Campus
de Rabanales, Ed. Marie Curie, E-14071 Córdoba (Spain).
b

Departamento de Química Orgánica, Facultad de Ciencias, Unidad de Excelencia Química
Aplicada a Biomedicina y Medioambiente, Universidad de Granada Avda. Fuentenueva, s/n,
18071 Granada (Spain)
email: q52losii@uco.es
Keywords: nanographenes, nanosheets, monolayer, air/water interface, spectroscopy
A monolayer of a new amphiphilic heptagon-contaning HBC (hexapenhexabenzocoronene)[1] incorporating flexible polar chains was fabricated and characterized at
water/air interface and its self-assembly into large 2D-polymers was achieved like in THF/H2O
mixtures, as well. On the basis of previous work, where the formation of 2D nanosheets from
THF/H2O was demonstrated, in this work we took advantage of the high solubility of the distorted
aromatic core in organic solvents for an efficient spreading and self-assembly at the air/water
interface. The supramolecular arrangement of HBC 3 leading to nanosheets was studied in detail
by a combination of experiments at the air/water interface, A isotherms, UV-Visible reflection
spectroscopy (R) and Brewster Angle Microscopy (BAM), and computer simulations.[2]
The experimental results at the air/water interface offer detailed information on the
molecular arrangement in a comparable scenario to the self-assembly in bulk solution. The large
degree of freedom of the tetraethylene glycol chains in contact with water allows the self-assembly
of the nanographene cores in nanosheet-like arrangement. The molecular dynamics simulations
of a monolayer of HBC 3 at the air/water interface displayed the expected saddle-shapped
conformation. Therefore, the self-assembly of HBC 3 at air/water interface and in the bulk solution
can be considered equivalent.

Figure. A) A isotherm of HBC 3. B) UV-vis reflection spectroscopy at the air/water interface. C)
Molecular dynamics simulations of a monolayer of 3 at the water surface.
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The design of molecular sensors for anion recognition is one of the most active research
fields in supramolecular chemistry.[1] Hydrogen bonding is the most used non-covalent interaction
in the recognition of anions.[2] In the last decade, the so-called halogen bond noncovalent
interactions has emerged with force due to the presence of a positive region ( -hole) in the
halogen atom.[3]
The characteristics found in halogen atoms have motivated numerous research groups to
explore the existence of these positive regions in other atoms of different groups, such as
chalcogens.
We report here the synthesis of two new anion receptors 1 and 2 (Figure 1) based on
chalcogen atoms. Our molecules are composed of a naphthalene core like as signal unit, and
selenium and tellurium based triazole like as anion bonding units.
The non-covalent interaction of these molecules with different anions have been studied
through 1H-RMN, UV-Visible and florescence.
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Fig. 1
1. X = Se
2. X = Te
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Squaramides are a very versatile family of compounds that have gained an increasingly important
role in supramolecular chemistry due to their ability to form multiple hydrogen bonds.[1] In recent
years, many examples of their use to form gels, liquid crystals as well as supramolecular polymers
have been discussed.[2,3] In this regard, our group has recently published an example of a bissquaramide macrocycle that exhibits self-assembly pathway complexity triggered by the Z/E
isomerization of the squaramides.[4]
In the present work, we prepared a new series of squaramide compounds 1-3 (Figure 1a) that
self-assemble into nanoparticles (AggI) in MCH upon cooling from 90 to 25 ºC. Interestingly, the
AggI of compound 1 and 2 shows a reversible transformation into nanofibers (AggII) by further
decreasing the temperature up to 5 ºC (Figure 1b). This reversible temperature transition is a rare
phenomenon in supramolecular polymers in organic solvents and is triggered by a molecular
rearrangement in the supramolecular system accompanied by a change in the hydrogen bonding
pattern (Figure1b). The thermodynamic and kinetic aspects of the self-assembly process and the
aggregate transformation was studied by temperature, concentration, and time dependent
experiments, while the morphology of the two aggregates was assessed with atomic force
microscopy (AFM), SAXS and SLS experiments. This study reveals new features of squaramide
based supramolecular polymers which are of interest for the generation of pathway complexity
and stimuli responsive systems.

Figure 1. a) Molecular structures of squaramides 1-3. b) Schematic representation of the selfassembly profile of the new squaramides.
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Herein, we present our latest results on the zirconium-carboxylate clustering process, carried out
in a very acid alcohol/water media, using monocarboxylic benzoic acid and its hydroxide derivates
to avoid the polymerization. Several hexameric cationic entities closely related to the well-known
[Zr6(O)4(OH)4(OOCR)12] SBU have been obtained, by removing four carboxylic ligands, to give
either a D4h or Td arrangement: [Zr6(µ3-O)4(µ3-OH)4(µ-OOC)8(H2O)8]4+. Furthermore, a
pentanuclear entity of formula [Zr5(µ3-O)2(µ3-OH)6(µ-OOC)4(H2O)11(alcohol)]6+ has been isolated,
in which one of the apical metal atoms is also absent. An acid-base equilibrium, which has been
monitored by mass spectrometry, relates the pentanuclear and hexanuclear species.[1] These
highly positively charged polynuclear entities allow the design of a plethora of ionic compounds
by combining them with different counterions. In this sense, balancing the positive charge of the
cationic hexameric zirconium entities with a Keggin type polyoxotungstate, a very stable and
highly insoluble compound of formula [Zr6(µ3-O)4(µ3-OH)4(µ-OOCC6H5)8(H2O)8][SiW12O40] is
achieved. There is a synergistic effect between the metal-organic cluster and the polyoxometalate
that allows to markedly overpass the photo-oxidation activity of each of the components alone
through what appears to be a Z-scheme involving the HOMO and LUMO orbitals of each of these
polynuclear entities.[2]

Figure 1.- Structural variability and application of carboxylate unsaturated zirconium cationic
clusters.
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The ubiquitous presence of ions in biological and environmental systems has motivated
the development of novel synthetic ion receptors aiming at understanding the natural binding
processes and find methods for ion separation. In general, differences in ion-binding depend on
the relative thermodynamic stability of final ion-receptor host-guest complexes. This stability can
be influenced by the nature of the receptor’s cavity and by the solvent in which the interaction
takes place. The mechanically interlocked molecules like catenanes, rotaxanes, and knots, show
extraordinary behavior for ion recognition. The three-dimensional binding cavities inside provide
potential binding selectivity for specific ions compared to traditional macrocyclic receptors. In
2017 we described a [2]rotaxane receptor based on a bis-calix[4]pyrrole macrocycle.[1] In
chloroform, this heteroditopic receptor forms neutral complexes with a series of
tetraalkylammonium ion pairs. The interlocked nature of the receptor resulted to be ideal for the
study of its complexation properties indifferent solvents. Herein we report the binding studies
performed with the [2]rotaxane towards a series of tetraalkylammonium salts of Cl-, OCN- and
NO3- in acetone and chloroform/methanol mixture and we compare the results obtained with those
derived in chloroform.[2] In acetone, a polar non-protic solvent, the determined binding constants
for 1:1 complexes were 1 to 3 orders of magnitude larger than the ones determined in chloroform,
a non-polar solvent. The thermodynamic signatures of the binding process in acetone, determined
by ITC experiments, revealed favorable enthalpic and entropic contributions having similar
magnitudes. Conversely, 5% of methanol in chloroform solution significantly reduced the
magnitude of the binding constants of all studied ion-pairs. In this solvent mixture, the entropy
term is also favorable, but it does not compensate for the experienced loss of binding enthalpy.
Moreover, the solvent can also influence the formation of a higher stoichiometry complexes. For
example, in acetone solution, Cl- and OCN- salts can easily form 2:1 complexes, which were not
observed in the chloroform/methanol mixture. In chloroform, only Cl- formed the 2:1 complex when
the salt was added in excess.
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The integration of mechanically interlocked molecules (MIMs)[1] in the catalyst´s tool-box
for asymmetric catalysis is attracting significant attention, with different research groups applying
mechanized systems as organocatalysts or ligands for metal-catalyzed processes.[2] Herein, we
described the synthesis of a series of prolinamide-based rotaxanes and their use as
organocatalysts. The structural and conformational features of these entangled scaffolds make
them promising players in asymmetric catalysis. We explored the catalytic outcomes of these
systems and their non-interlocked threads in various enamine-type transformations, finding
interesting behaviors as a consequence of the mechanical bond.[3],[4] As a result, we were able to
develop enantio- and chemo-divergent processes catalyzed by these systems.

This research was supported by the Spanish Ministry of Science and Innovation (PID2020113686GB-I00/AEI/10.13039/501100011033) and the Fundacion Seneca-CARM (Project
20811/PI/18).
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Supramolecular nanocapsules are the prospective tools for the development and exploration of
nanosize reaction vessels which can mimic like natural enzymes as these may exhibit improved
selectivity and reactivity compared with manmade catalysts. [1][2]
Previously, asymmetric hydroformylation reaction was carried
out using a Rh complex inside a palladium supramolecular
cage. It was demonstrated that the encapsulated Rh complex
provided improved enantioselectivity when compared with
the free Rh complex. It was proposed that the constrained
space of the nanocapsule resembles an enzymatic
environment by enabling the interaction between substrate
and active site.This project focuses on the similar idea by
encapsulating of new different types of poly amino based
ligands in a non-chiral self-assembled supramolecular cage,
followed by using this system as oxidation catalyst.[2][3]
Currently new chiral Fe and Mn metal complexes with accurate geometry (with respect to nano
cage anchoring units) have been synthesized and the encapsulation of these new complexes in
a supramolecular cage is being studied. Pyrazine moieties have been used as structural units of
the tetradentate catalyst and also as anchoring points inside the cavity of the nanocapsule.
Moreover catalysis experiments are been performed to analyze and understand the potential of
these newly synthesized metal complexes.
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Najafi and Golestanian in 2004[1] proposed a very simple one-dimensional swimmer
consisting of three spheres that are linked by rigid rods whose lengths can change between two
values. With a periodic motion in a nonreciprocal fashion (Figure 1), which breaks the timereversal symmetry as well as the translational symmetry, Najafi and Golestanian showed that the
model device can swim at low Reynolds number. This model system could be used in constructing
molecular-sized machines.

Figure 1: Movement of Najari´s model
Knowing this work, we thought of developing a molecular-sized swimmer that could mimic
Najari's model. To design our molecular swimmer, we tried to keep the three spheres connected
by rigid rods, as shown in figure 2, based on the rotaxanes.

Figure 2: Design of our molecular swimmer.
To carry out the synthesis of this 'swimmer', we decided to use the daisy chain reaction which
is well known in the world of molecular machines.[2] Having now synthesized the two halves of our
swimmer, we will focus on doing an NMR diffusion study[3] of both halves. In this way, we will
know whether or not Najari's model works for the molecular-sized machines or whether they will
maintain Brownian motion.[3]

References
[1] A. Najafi and R. Golestanian, Phys. Rev. E 2004, 69, 062901.
[2] A. Goujon, E, Moulin, G. Fuks and N. Giuseppone CCS Chem. 2019, 1, 83–96; S. Rao, Q.
Zhang, X, et al. Chem. Asian J. 2018, 13, 815 – 821.
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One of the most relevant achievements in the field of molecular machines is the
development of interlocked structures that allow a directional transport of one of its components.
This feature enables the operation of the system in non-equlibrium conditions, a crucial element
for the development of molecular motors or pumps,[1] which rely on the relative unidirectional
movement between their components. In this context, the irreversible net transportation of a
macrocycle through an axle in cleavable rotaxanes has arisen as an interesting approach.[2]

We recently demonstrated that the click Michael-type addition reaction of amines or thiols
to vinyl sulfonyl groups (MAVS), such as vinyl sulfone or vinyl sulfonate, is a powerful tool for the
synthesis of rotaxanes.[3] Moreover, the vinyl sulfonate group can acts as good leaving group
under mild conditions, showing a coupling‐and‐decoupling chemistry (CAD).[4] Thus, we report the
pH- and chemically-driven irreversible unidirectional transportation of a macrocycle based on a
[2]rotaxane architecture that relies on both the MAVS and the vinyl sulfonate CAD chemistry.
References
[1] Arthur H. G. David, Pablo García–Cerezo, Araceli G. Campaña, Francisco Santoyo–González
and Victor Blanco. Org. Chem. Front. 2022, 9, 633-642.
[2] S. Kassem, T. van Leeuwen, A. S. Lubbe, M. R. Wilson, B. L. Feringa, D. A. Leigh. Chem.
Soc. Rev. 2017, 46, 2592–2621.
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Eur. J. 2019, 25, 6170–6179.
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The presence of proteinaceous plaques of amyloid fibers resulting from the aberrant
aggregation of certain proteins is the main molecular hallmark of several neurodegenerative
diseases such as Alzheimer's and Parkinson's. The conformational change from early, nontoxic
aggregates to pre-fibrillar aggregates, followed by a subsequent cooperative growth is a critical
step in the amyloid fibrillation process.[1] One of the most widely used methodologies to detect
and monitor processes of biological importance, such as the aggregation of misfolded proteins,
is the use of fluorescent probes in fluorescence microscopy, due to its high specificity and
sensitivity.[2] The use of environment-sensitive fluorophores, which vary significantly their
photophysical properties depending on the immediate environment, is a powerful tool used in the
study of protein-protein interactions and amyloid aggregation.[3] Herein, we simultaneously used
two different fluorophores, capable of interacting with and reporting on the formation of preamyloid aggregates, as an efficient methodology to maximize the contrast in the detection of such
aggregates increasing the ratio image values obtained using multi-dimensional fluorescence
lifetime imaging microscopy (FLIM), especially since fluorescence resonance energy transfer
(FRET) occurs between the pair of dyes. In this work [4] we applied this concept in the study of
amyloid fibrillization of the protein apoferritin.
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Acuña-Castroviejo, A. Ruiz-Arias, A. Orte, R. Herranz ACS Sens., 2020, 5, 9, 2792-2799.
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While many potent drugs against cancer are available, the inability to find competent drugs
against cancer comes, among other factors, from the difficulty to distinguish healthy cells from
cancer cells, which constitutes a molecular recognition challenge.
One of the particularities of cancer cells which is not present in healthy cells is the low level
of oxygen in the tumour microenvironment. This hypoxia state can be used to design new prodrugs which are activated under the hypoxia-reducible conditions of the cancer cells,[1] avoiding
in this way the side effects over the healthy cells.
Here we present a new molecular trigger able to link to cancer drugs through amide, ester
and thioester linkages and prone to be activated under the hypoxia reducing conditions found in
the tumour environment. Also, the presence of a dansyl-like motif in the molecular trigger structure
will allow to visualize the internalization of the pro-drug inside the cells and the drug release.

Figure 1. Strategy to target cancer cells under hypoxia conditions.
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Misregulation of free metal ions and oxidative stress have been linked to the progressive
neurological misfunction associated with multiple neurodegenerative disorders. For instance, in
Alzheimer’s disease, accumulation of Fe, Cu and Zn in beta-amyloid plaques have proved
responsible for increased oxidative injury in certain brain regions. These transition metals mediate
in the production of Reactive Oxygen Species (ROS) via Fenton chemical reactions, among which
superoxide radicals play a prevailing role. Finally, the imbalance between the generation and
scavenging of ROS derives in oxidative stress. Current therapy research for these disorders is
aimed at interfering with responsible metal ions and modifying their detrimental activity. [1]
A tetraaza-pyridinophane macrocycle capable of chelating ROS-producing metal ions has been
synthesized and characterized. Potentiometric and UV-vis titrations, as well as electrochemical
studies and SOD activity assays, have concluded that it can coordinate Fe(II) and Cu(II), leading
to the formation of complexes with an outstanding Superoxide Dismutase (SOD) activity. [2,3]
This macrocycle has been designed with a para-carbonyl group in order to be grafted onto
boehmite nanoparticles (BNPs). The corresponding amino-nanozyme system has been prepared
and characterized. Same studies as with the unbonded Cu(II) complexes showed that being
linked to BNPs induces a 30-fold increase in their SOD catalytic constant, probably due to the
positive -potential of the functionalised nanoparticles. [4,5]
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N. Green, Chem. Commun., 2013, 49, 2712-2714.
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A broad range of applications for coordination compounds can be found in the field of
biomedicine, from therapy to different imaging techniques, metals can be found at the center of
this line of work.[1] Yttrium, an element generally classified within the rare earth elements with a
recognized chelation chemistry, has potential uses in the field of theranostics and imaging due to
the existence of two different radioisotopes of this element. The positron emitter 86Y can be used
to design compounds for PET imaging while β- emitter isotopologue 90Y can potentially be used
for the design of theranostic agents. [2]
In this work, we present macrocyclic ligand L6 which is based on a 3,6,10,13-tetraaza1,8(2,6)-dipyridinacyclotetradecaphane platform with three acetate pendant arms and a benzyl
group. X-Ray structures of this ligand’s Y and Tb complexes showed a nine-coordination through
all the nitrogen atoms and three of the oxygen atoms of the pendant arms. In solution studies
using NMR and DFT calculations for YL6 confirmed that the structure is maintained in aqueous
media. A detailed luminescence study of EuL6 and TbL6 revealed strong Ln3+ emission with
quantum yields of 7.0 and 60%, respectively, and lifetime values showed that coordination of
surrounding water molecules is prevented. Additionally, we saw that YL6 is astonishingly inert
with respect to complex dissociation, with a lifetime of 1.7 h in 1 M HCl. Apart from having this
very desirable property for use in radiopharmaceuticals, the formation of the complex is quite fast
(~1 min at pH 5.4). These properties prompted studies using the radioactive isotope 90Y. Fast
radiolabeling was observed, having 90YL6 nearly quantitatively formed (RCY > 95) in a short time
over a broad range of pH. Challenging experiments were also performed, exposing the complex
to excess EDTA, revealing a nice stability for 90YL6. All these experiments combined suggest the
potential application of functionalized L6 derivatives as Y-based radiopharmaceuticals.
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Activity-based protein profiling (ABPP) has emerged as a powerful chemical strategy to
characterize enzyme function directly in native biological systems on a global scale. This new
technology relies on the design of small-molecule covalent probes known as activity-based
probes (ABPs).
Activity-based probes (ABPs) are chemical probes that covalently bind to the active site
of specific enzyme classes such as cysteine proteases. These probes can be used to selectively
identify, enrich, or profile a target enzyme in biological samples as well as to assess the specificity
of enzyme inhibitors.[1]
These chemical probes display a chemical structure containing an electrophilic functional
group (warhead) to react with a nucleophilic group at the active site; a reporter tag to facilitate
target visualization (fluorophores, biotin, or “clickable” handles such as azides and acetylenes);
and a linker part specifically recognized by the target enzyme.

In our group, we have previously reported dipeptidyl enoates as potent irreversible
inhibitors of parasitic cysteine proteases related to tropical infectious diseases malaria,
trypanosomiasis and leishmaniasis (falcipain-2, rhodesain, cruzain). [2] [3]

In this communication, the chemical synthesis of an activity-based probe through a new
synthetic route and its first biological applications will be shown.
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1114

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-579
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Adapalene, a third-generation topical retinoid, is used as a treatment for acne vulgaris. It is
currently one of the three topical retinoids approved so far by the Food and Drug Administration
(FDA), along with tazarotene and tretinoin.[1]
However, combination of adapalene and sun exposure might result in the appearance of adverse
effects. They have been associated with different causes such as skin irritation that can upset the
natural skin photoprotection and increase ultraviolet rays hurt, or a decrease of the thickness of
the stratum corneum reducing the natural photobarrier.[2] Moreover, as shown in Figure 1,
adapalene exhibits an important UVB/UVA absorption. Thus, like other topical drugs,[3] it might
act as a potential photosensitizer toward biological components and be responsible for different
processes related to phototoxicity or photoallergy.
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Figure 1. Left, structure of adapalene molecule. Right, UV-vis spectra of adapalene in acetonitrile
at 2*10-5M.
The aim of this study is to determine the photophysical properties of adapalene to investigate its
potential photoactivity toward biomolecules. For this, experiments combining UV-vis
spectroscopy, fluorescence and phosphorescence (steady-state and time-resolved) and laser
flash photolysis were carried out. An efficient fluorescence emission centered at 425 nm and with
a quantum yield of ca. 0,8 was evidenced together with a phosphorescence band at 520 nm.
Moreover, laser flash photolysis experiments revealed a triplet-triplet transient absorption with a
lifetime of 40 μs, which was efficiently quenched in the presence of oxygen and β-carotene. A pH
dependent photobehavior was also observed.
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Supramolecular chemistry has been a focus of interest over the past few decades due to its
potential in the search for new materials based on the self-assembly of monomeric fragments. A
multitude of scientific branches have emerged to explore the applications of these monomers.
One of these branches is systems chemistry [1], that focuses on chemical systems that operate
out equilibrium and simulate some properties of living systems (e.g., replication, adaptive
behavior, evolution, etc.), which can be useful to produce "smart" materials that respond
adaptively to external stimuli, with changes in its structure and properties that enable them to
acquire new functions [2, 3].
In this poster, we will present work focused on studying synthetic hybrids that carry nucleobases,
amino acids and / or lipids, in order to implement some properties of living beings, such as the
capacity to form protocellular compartments or self-healing adaptive systems. In recent years, for
example, the self-assembly of synthetic dinucleolipids in aqueous media has been studied,
demonstrating that they are capable of forming different supramolecular aggregates depending
on the sequence of nucleobases incorporated in the polar head [4].
More recently, we have seen that if instead of connecting an oleic alcohol chain to the nonproteinogenic amino acid -aminoalanine (which is used as a spacer for the above dinucleolipids),
its carboxylic acid group is left free, the resulting derivatives form fibrillary aggregates, both alone
and in mixtures of the possible nucleobase sequences [5]. In high concentration, this leads to the
formation of self-healing hydrogels. Remarkably, supramolecular hydrogels of this kind, made of
biocompatible components, are materials of great interest in biomedicine, e.g. for topical drug
delivery or in regenerative medicine.
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Bioorthogonal chemistry have emerged as a prominent tool kit in chemical biology to
selectively modify and tag biomolecules and cell structures under mild conditions in extremely
crowed biological milieus.[1] In this context, metal complexes are a new paradigm in the world of
chemical biology, not only because their heterogeneity, non-conventional reactivities or the
possibility of fine-tuning, but also due to new options for their activation and control.[2]
Within this paradigm, ruthenium stands out as a reference metal due to their wide reactivity
and stability under air and moisture conditions. As example on the translations of organometallic
ruthenium chemistry to the chemical biology arena we have the early reports by Meggers on the
de-allylation of different fluorescent probes in cellulo by ruthenium species.[3]
Herein we show that by selectively tuning the coordination environment of the metal center
we can have access to different reactivities.
For example, in nature, the only mechanism known by which isomerization of natural
substrates take place is through proton-transfer processes mediated by enzymes. However,
organometallic chemistry is not restricted to a such mechanism, for instance we have recently
showed that some ruthenium (IV) complexes are able to isomerize allylic alcohols inside living
mammalian cells, by a redox neutral hydride transfer process.[4] The hydride intermediates are
stable under this highly complex media and are delivered intramolecularly rather than reacting
with any of the plethora of components of the cytosol.
On the other side, by switching to ruthenium (II) arene complexes, we can promote azidealkyne cycloadditions with spatio-temporal control of the catalyst reactivity. In this case, the
ruthenium complex probe to be stable in biological media, with no reactivity until activation by the
displacement of the arene ligand. [5]
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In recent years, nanotechnology has paved the way for the development of plenty new diagnostic
and therapeutic platforms. Polymeric nanoparticles offer a great flexibility adapting its chemistry
composition, size, stability, morphology and surface functionality. These nanosystems allow an
effective cell transport, where the transported biological materials are released inside the cells in
an efficient way, without altering the biological functions of cells or causing toxicity. In addition,
the release will take place in a controlled way and directed to the targeted cells, avoiding
toxicological problems on the rest of cells (active targeting transport).
Herein, we report the development of a versatile, robust, and stable targeting nanocarrier for
active delivery. This nanodevice can efficiently discriminate between cells in coculture based on
the expression levels of cell surface receptors.
Protocols based on standard solid phase chemistry are used for the decoration of the
nanoparticles in a controlled manner. The efficiency of conjugation of a specific antibody to the
nanodevice was evaluated by immunochemistry, BCA assay and electrophoresis in agarose gel.
The functionalization of the nanodevice conjugated to a specific antibody together with a
fluorophore or a drug to allow the tracking of the PS-NPs by flow cytometry or induce cell death
respectively has been successfully achieved.
References:
Cano Cortés MV; Altea Manzano P; Laz Ruiz JA; Unciti Broceta JD; López Delgado FJ; Espejo
Román JM; Díaz Mochón JJ; Sánchez Martín RM. Nanoscale, 2021, 13, 3500-3511
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Because of the special physical and chemical conditions of the marine environment, this
ecosystem displays a rich microbial diversity characterized by metabolic pathways and enzymatic
systems considerably different from their terrestrial homologues.
During recent decades, biocatalysis has become an increasingly valuable tool for the
chemical synthesis due to the capability of biological systems to conduct regio- and
stereoselective chemical reactions that cannot be performed by traditional synthetic methods.[1]
Therefore, the study of the biotransformation capability of marine bacteria and fungi constitutes a
promising way to improve nowadays chemical synthesis processes.[2]
In this study, the biocatalytic potential of the marine-derived fungus Purpureocillium
lilacinum, isolated from sediment samples collected along an intertidal gradient of Bay of Cádiz,
was evaluated through the biotransformation of the xenobiotic substrates 1-phenylpropyl acetate
(1) and 1-(4'-chlorophenyl)propyl acetate (2).
On the one hand, the bioconversion of 1 yielded 1-phenylpropan-1-ol (3), 1-phenylpropane1,3-diol (4), and diastereoisomers treo-1-phenylpropane-1,2-diol (5) and erithro-1phenylpropane-1,2-diol (6). On the other hand, the biotransformation of 2 gave rise to the
compounds 1-(4’-chlorophenyl)propan-1-ol (7), 1-(4’chlorophenyl)propane-1,3-diol (8), and
diastereoisomers
treo-1-(4’-chlorophenyl)propane-1,2-diol
(9)
and
erithro-1-(4’chlorophenyl)propane-1,2-diol (10) (Figure 1). The fungus is able to produce mostly enantiomers
R-7 and R-8, and enantiomers erithro-S,R-6 and erithro-S,R-10. These compounds reveal the
hydroxylation and deacetylation capacity of the marine-derived fungus Purpureocillium lilacinum,
exhibiting high enantio- and diastereoselectivity.

Figure 1. Isolated products from the biotransformation of 1 and 2 by Purpureocillium lilacinum.
References
[1] D. Muñoz Solano, P. Hoyos, et al. Bioresour. Technol. 2012, 115, 196-207.
[2] A. Trincone, Mar. Drugs. 2011, 9, 478-499.
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Thiochromanones are very versatile compounds that have been widely used to synthesize new
heterocycles [1] and biologically active products with interesting applications in the
pharmaceutical and aroma and fragrance industries.[2] Specifically, among the pharmacological
activities, many of these derivatives have relevant cytotoxic and antifungal properties.[3]
On the other hand, taking into account the great biological diversity of the marine environment,
its special physical-chemical conditions [4] and the advantages of biocatalysis over traditional
chemical methods, it would be interesting to discover new microorganisms capable of catalyzing
new reactions or doing it more selectively.[5] In addition, the usefulness of studying the
biotransformation by filamentous fungi of many compounds with pharmacological activity to
predict their metabolism after administration in mammals is well known.
Thus, the goal of this research is to obtain novel compounds derived from thiochroman-4-ol (1)
and 6-chlorothiochroman-4-ol (2) through biotransformation by the marine-derived fungus
Purpureocillium lilacinum, recently isolated from the Bay of Cádiz.[6] The oxidation capacity of P.
lilacinum was observed in both biotransformations with excellent stereoselectivity.
The biotransformation of 1 yielded the compounds thiochroman-4-ol 1-oxide (3), and
thiochroman-4-ol 1,1-dioxide (4), and 2 gave rise to the compounds 6-chlorothiochroman-4-ol 1oxide (5), and 6-chlorothiochroman-4-ol 1,1-dioxide (6). Syn-sulfoxides and R-sulfones were
obtained mostly for both biotransformations.

References
[1] Yu, L.; Chi, J.; Xiao, L.; Li, J.; Tang, Z.; Tan, S.; Li, P. Molecules 2021, 26, 13–15.
[2] Song, J.; Pan, R.; Li, G.; Su, W.; Song, X.; Li, J.; Liu, S. Med. Chem. Res. 2020, 29, 630-642.
[3] Pinedo-Rivilla, C.; Collado, I.G.; Aleu, J. J. Nat. Prod. 2018, 81, 1036–1040.
[4] Orlova, T.I.; Buigakova, V.G.; Polin, A.N.; Lomonosov, M. V. Antibiot. i Khimioterapiya 2017,
62, 68–76.
[5] Parte, S.; Sirisha, V.L.; D’Souza, J.S. Adv. Food Nutr. Res. 2017, 80, 75–106.
[6] Lotlikar, N.P.; Damare, S.R. Indian J. Microbiol. 2018, 58, 360–371.
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Metallo-supramolecular architectures are obtained by spontaneous self-assembly
processes between organic ligands and metal ions.[1]
In the last few years, the design and synthesis of metallo-supramolecular architectures that
simulate the active sites of natural metalloenzymes has become of great interest as they provide
information about the function and mechanism of action of natural metalloenzymes. Hence, this
knowledge could allow the development of new systems with similar properties to those of the
metalloenzymes found in nature.[2,3]
There is a wide range of natural metalloenzymes derived from several metal ions that
catalyze different reactions. In this work, we will focus on the synthesis of copper(II) complexes
as possible models of natural redox metalloenzymes such as catalase, superoxide dismutase and
peroxidase.
Herein, we report the synthesis of a family of pentadentate [N2S2O] bisthiosemicarbazone
ligands H3Ln and their derived metallo-supramolecular copper(II) complexes obtained by means
of an electrochemical methodology (Scheme 1). This approach has been successful for the
obtaining of neutral dinuclear copper(II) compounds [Cu2Ln(OH)], that are assembled into clusters
[Cu2Ln(OH)]2. These complexes could be used as enzymatic models.

Scheme 1. Representation of the H3Ln bisthiosemicarbazone ligands (left) and structure of
the Cu(II) dinuclear complex (right).
The research leading to these results has received funding from the following FEDER cofundedgrants: from Consellería de Cultura, Educación e Ordenación Universitaria, Xunta de Galicia,
2017 GRC GI-1682 (ED431C 2017/01), 2018 GRC GI-1584 (ED431C 2018/13), MetalBIO
Network (ED431D 2017/01), Ministerio de Ciencia, Innovación y Universidades, METALBIO
(CTQ2017-90802-REDT) and MultiMetDrugs (RED2018-102471-T).
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Microbiota plays an important role in human health and disease, in part through the
secretion of metabolites that can regulate host proteins.[1] Hence, we propose that new small
molecules inspired on microbiota metabolites could ultimately lead to the identification of novel
drug candidates. Toward this end, we have designed and synthesized a focused library of 50 new
compounds containing privileged scaffolds (PrSc) present in microbiota metabolites, taking
advantage of asymmetric organocatalytic reactions as a key synthetic step to generate structural
diversity with high efficiency and in stereocontrolled manner.
In a cellular phenotypic screening, we have identified UCM-13369 as a compound capable
of promoting the death or differentiation of cancer stem cells (CSC).[2] Differential proteomic and
Western Blot studies revealed that UCM-13369 induces a decrease in the expression levels of
nucleophosmin-1 (NPM-1), a protein that is deregulated in various hematological cancers. NPM1 represents the most frequent mutation in acute myeloid leukemia (AML) patients developing
resistance to conventional therapies.[3] The interaction of UCM-13369 with NPM-1 has been
confirmed by confocal microscopy using a synthetic fluorescent probe, STD and trNOESY NMR
experiments, as well as its in-vitro activity in MOLM13 and OCI-AML3 cell lines expressing the
wild-type or the mutated protein, respectively. Importantly, UCM-13369 was able to induce cell
death in hematopoietic stem cells in blood samples from AML patients, without affecting
differentiated cells, as well as to promote myeloid differentiation to leukocytes. In a preliminary
experiment, the new compound has shown in-vivo efficacy in an animal model of NPM-1depending AML.
The number of described small molecules that interfere with NPM-1 is scarce and none of
them has reached clinical development that confirms the therapeutic interest.[4] Hence, a
medicinal chemistry program based on UCM-13369 is in course, targeting optimized NPM-1
inhibitors as drug candidates for AML treatment.

References
[1] Snehal N.C. et al. Nat. Chem. Biol. 2021, 17, 1046.
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[3] Short, N.J. et al. Cancer Discov. 2020, 10, 506.
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Protein-polymer conjugates (PPCs) are a current topic of research in biomedicine,
biochemistry and biocatalysis1 as their structural and chemical versatility makes them suitable as
novel drugs, drug delivery systems and catalysts. However, their applications remain limited to
the enhancement of the properties of macromolecular drugs. There is few research in the
development of chemoenzymatic catalysts based on PPCs, although polymeric scaffolds for
multifunctional catalysts are already a sizzling topic in catalysis2. For the present work,
horseradish peroxidase (HRP) is modified with atom-transfer radical polymerization (ATRP)
initiators in order to graft pH-responsive polyamines (poly(dimethylaminopropylacrylamide),
p(DMAPAM)) from HRP3. These polyamines display positive charge at pH below 6, which make
them suitable for electrostatic assembly of photocatalytic dyes (Figure 1a). Using anthraquinone
sulphonate dyes, which catalyze hydrogen peroxide formation by the oxygen reduction reaction
under visible light, it is possible to form an integrated nanocatalyst in which this hydrogen peroxide
channels to HRP to perform the enzymatic peroxidation reaction of various substrates (Figure
1b). This system appears to be interesting for the development of multifunctional catalysts for
several reasons. The confinement of both catalysts in a nanometric space favors the fast diffusion
of the intermediate species between the functional components in one-pot concurrent reactions4.
Moreover, the polymeric scaffold avoids mutual inactivation of the enzyme and the chemical
catalyst by avoiding direct contact between them. Finally, the design of nanometer-sized
integrated catalysts entails the possibility of the bottom-up design of heterogeneous catalysts by
combination of different catalytic species in a single material.

Figure 1. (A) Scheme of the structure of the integrated bionanoreactor. (B) Scheme of the onepot concurrent reaction performed at the bionanoreactor.
References
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A major challenge for understanding the origins of life is to explore how replication networks can
engage in an evolutionary process [1-3]. In this poster presentation, we will try to shed light on
this problem by describing replication networks constituted by different types of simple biological
components [4]. In one of our networks, for example, the amino acid cysteine and the canonical
nucleobases adenine and thymine, were connected through amide bonds to the cysteine amino
group and oxidation of its thiol into three possible disulfides [5]. Supramolecular and kinetic
analyses revealed that both self- and mutual interactions between such dinucleobase compounds
drive their assembly and replication pathways. Those pathways involving sequence
complementarity led to enhanced replication rates, suggesting a potential bias for selection. The
interplay of synergistic dynamics and competition between replicators was then simulated in an
open reactor with experimental kinetic data, showing the selective amplification of different
species depending on the initial mixture composition. Overall, this network configuration (see
Figure 1) can favor a collective adaptability to changes in the availability of feedstock molecules,
with disulfide exchange reactions serving as 'wires' that connect the different individual auto- and
cross-catalytic pathways.

Figure 1. Schematic representation of a replication network based on minimal nucleobase
sequences.
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Bacterial infections are the cause of many widespread diseases around the world and
currently are one of the biggest human concerns from a healthcare standpoint. Many prove
difficult to treat due to the accelerating rise of antibiotic resistance. Persistent bacteria are small
subpopulations of bacteria that display transient increased tolerance to antibiotics which results
in relapsing and chronic infections. In many cases, persistence appears due to the triggering of
stringent response: a nonspecific stress-coping mechanism that is characterized by the synthesis
and accumulation of guanosine 5’-diphosphate-3’-diphosphate species ((p)ppGpp) in the cell,
mediated by the enzyme family of Rel and RelA proteins.[1][2]
Last year, in our research group, a series of small molecules that act as Rel/RelA inhibitors
were found via virtual screening of large open databases using ppGpp(p) as the endogenous
ligand to construct an appropriate pharmacophore model. From this list, scaffold 1 was selected
for the optimization process (Figure 1a). During hit-to-lead optimization, a wide range of chemical
modifications of the initial hit compound were studied and assessed using molecular dynamics
(MD) simulations and complimentary docking and free energy perturbation (FEP) calculations.
Results showed that compounds with scaffold 2 (Figure 1b) were the most promising candidates
since these exhibited the highest stability when bound to the allosteric control site of Thermus
thermophilus Rel protein (Figure 1c).
The synthesis of two of the newly found compounds was successfully achieved in moderate
yields in simple two-step routes. Both molecules have been submitted to evaluate their biological
activity.

(a)

(b)

(c)

Figure 1. (a) Chemical structure of scaffold 1 and (b) scaffold 2, where X is a hydrogen bond
acceptor group and R a linear chain of C4 units of length. (c) Predicted binding pose of one
compound with scaffold 2 inside a 3D model of the allosteric control site in RelTt protein.
References
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The development of new bioactive agents for the treatment of cancer is a challenge that
the pharmaceutical industry must achieve without compromising the safety and efficacy of drugs.
In this context, ionic liquids are of great interest mainly due to two factors. First of all, their structure
is highly modular, allowing great structural diversity. This diversity can be used to adjust its
physicochemical properties depending on the needs required in each application, and second, its
biocompatibility and high solubility capacity.[1]
In the work presented here, it is synthesized and studied a family of imidazolium salts
derived from amino acids.[2] Its "in vitro" bioactivity has been evaluated against two strains of
cancer cells (A-549 and HT-29) at different external pHs. Furthermore, its selectivity has been
studied using healthy human kidney cells (HEK-293) as control.[3] Combination therapies have
been carried out to spare the dose of both the active substance and the potentiator when
compared to monotherapies, demonstrating a synergistic effect when a gradient pH is present.
Add to this, the potential of some imidazolium salts to alter the integrity of synthetic membranes
(POPC vesicles) has been evaluated by anion transport studies. Confocal microscopy studies
revealed that the mechanism of cell dead could be associated to autophagy.

Figure 1. General structure of the imidazolium salts
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The construction of artificial metalloenzymes capable of promoting nonnatural reactions in
living settings is highly relevant. This is due to their ability to protect the metal center from the
complex environment of the cell and increase the reaction rate. However, until now, only a handful
of metal complexes have been used for the building metalloenzymes.[2] Novel approaches, such
as the use of photocatalysts as cofactors can be an interesting addition to the field since they
allow for spatiotemporal control of the transformations.
Herein we describe our progress in construction artificial metalloenzymes capable of
promoting photoredox reactions in biologically relevant media. We use the self-labeling protein
HaloTag[2] in combination with photocatalytic cofactors capable of promoting different types of
reactions in the presence of light.
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Biohybrid materials result from the assembly of molecular or polymeric species of
biological origin with inorganic materials.[1] Belonging to these type of materials, cellular
encapsulation of microorganisms or bioactive species, such as enzymes, within silica-based
matrices are receiving increase attention due to their interest to protect the encapsulated species
maintaining its bioactivity.[1] The objective of such as confinements is to endowed protection from
aggressive environments, providing prolonged cell survival as well as simplifying the recovery of
products. Sol-gel systems are of particular interest among the diverse systems that can be used
to achieve these encapsulations.[2-3]
In the present work, diverse systems prepared via sol-gel, using sodium silicate as silica
precursor have been investigated in order to immobilize two type of microorganisms: i)
cyanobacteria (Synechococcus elongatus PCC7942) and ii) yeast (Saccharomyces cerevisae).
The aim is to obtain biohybrid materials provided with the necessary properties to allow both the
survival of the cells and the diffusion of nutrients and biocatalyzed products (Fig. 1). The silicagels generated in the presence of cells lead to bio-inorganic systems allowing the microorganisms
survival during a significant number of days.
In addition, cells from these microorganisms have been encapsulated as yolk-shell
systems, which have been introduced into silica gels improving their behavior in comparison to
those obtained with the abovementioned gels.

Fig. 1 a) silica-gel as generated from Na2SiO3 i-e-, without cells; b) silica-gel encapsulating
cyanobacteria; c) silica-gel encapsulating yeast.
The bioactivity of the encapsulated microorganisms using the involved materials under
different approaches will be detailed and critically discussed in the present communication.
Acknowledgements: MCIN/AEI/10.13039/501100011033 (PID2019-105479RB-I00 project) and
“4C_Fuels” UCM Project.
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COORDINATION VARIETY AND CARBON MONOXIDE-RELEASING
ABILITY OF NEW RHENIUM-LUMAZINE COMPLEXES
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During the last decade, researches on the uses of carbon monoxide in mammals have
increased and a number of positive effects, such as anti-inflammatory, anti-proliferative and
vasodilatator, have been established. The best strategy to deliver controlled amounts of CO into
cells is based in the use of CO-releasing molecules (CORMs) which can serve indeed as benign
vehicles for CO transport, thus circumventing the inherent toxicity associated with CO inhalation
[1]. Up to date, results from both research and industry suggest that the best candidates as
CORMs are carbon monoxide molecules bonded to transition metals as rhenium, that complexes
being considered as the most promising chemicals for therapeutic applications.
Bearing in mind that our research is focused to synthesize and characterize new complexes
with CO-releasing ability, based on the correlation between both structural and effectiveness
variations, in this work, the synthesis and characterization of two new lumazine derivatives
(DLMHzDPy and 2OHBZLMH) and their Re(I)-carbonyl complexes is reported. The obtained
results allow us to establish two different coordination patterns; so, the ligand DLMHzDPy leads
to a mononuclear complex whereas 2OHBZLMH promotes a dinuclear one. Furthermore, the
preliminary studies on the photophysical and CO-releasing properties are shown.
In addition, theoretical calculations within the Density Functional Theory (DFT) and Time
Dependent (TD-DFT) frames were employed to get insight into the absorption and emission
properties of these compounds by a thorough study to rationalize the experimental observations.
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CUSTOMIZING C-TYPE LECTIN BINDING PROFILE WITH sp2IMINOSUGAR-BASED MANNOBIOSIDE GLYCOMIMETICS
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C-Type lectin receptors (CLRs) at the surface of dendritic cells, allow the recognition of
carbohydrate-based PAMPS or DAMPS (pathogen- or danger-associated molecular patterns,
respectively) and induce adaptive immune responses. Among CLRs, langerin and DC-SIGN are
able to recognize high mannose oligosaccharides (HMOs) such as (Man)9(GlcNAc)2. These
recognition phenomena predominantly involve the terminal mannobioside residues
(Man1,2Man) in HMOs for both lectins, making it difficult to discriminate between them [1]. We
have now addressed the synthesis of mannobioside mimetics that incorporate one or two
manno/gluco-configured sp2-iminosugar motifs in place of the natural monosaccharide, taking
advantage of the capability of sp2-iminosugars to engage in glycosylation reactions, via an
acyliminium intermediate, affording exclusively the α-anomer [2]. Monovalent derivatives were
further “clicked” onto β-cyclodextrin to obtain 7- and 14-valent species. A comparative binding
affinity study has been next conducted using a range of techniques, including NMR spectroscopy
(mainly tr-NOESY and STD NMR) [3], and SPR. The preliminary data validate the hypothesis that
sp2-iminosugar-based ligands enable customizing the lectin binding profile in a structure- and
valency-dependent manner.
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Rhodium(III) and iridium(III) half-sandwich complexes have received special attention in
medicinal chemistry due to good cytotoxicity results. Their
unique structure, containing a reactive metal at its core,
makes them an attractive tool in search of new cancer
therapies. However, the lack of understanding of their
mechanism of action (MoA) hinders the clinical
development of this type of drug candidates.
With the aim of shedding light on the MoA of potent
Ir- and Rh-metallodrugs, we have synthetized a family of ten
rhodium(III) and iridium(III) half-sandwich complexes,
which include a potent fluorophore in their structure. A
BODIPY is the chosen fluorophore due to the strong
Figure 1. Structures of tethered (left)
changes in fluorescence intensity, dependent on metal
and non-tethered (right) rhodium and
[1]
coordination. We present Ir and Rh complexes, that
iridium complexes
include the selected BODIPY as part of one of the
compound’s ligands, of formula [M(η5:κ1-C5Me4CH2py)(C,N-BDP)]+ or [M(C5Me4R)(C,N-BDP)Z]+/0
where M is Rh(III) or Ir(III), R= Me or Bn, C,N-BDP is 5-(5,5-difluoro-1,3,7,9-tetramethyl-5H4λ4,5λ4-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinin-10-yl)-2-(pyridin-2-yl)benzen-1-ide and Z is Cl
or pyridine (Figure 1). The complexes present a tether ring in their structure, which has been
demonstrated to enhance the drugs cytotoxic potential.[2,3]
We found a large difference between the quantum yield of the free BODIPY and Rh and Ir
compounds bearing BODIPY. In addition, we observed that the tether structure has an impact on
the overall fluorescence of the half-sandwich complex, both for Rh and Ir complexes.
All the complexes presented here present some of the lowest IC50 values reported to date
(i.e., they are the most potent) for Rh(III)- and Ir(III)-C5Me4R complexes in several cancer cell
lines. Their cytotoxic activity is parallel to that of BODIPY-less analogues. The introduction of a
BODIPY in the structure may help unveil the elusive, yet unique, MoA of this new class of potent
anticancer agents.
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Pereira, and A. M. Pizarro, Angew. Chem. Int. Ed. 2020, 59, 1270.
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DESIGN AND SYNTHESIS OF PROTEIN DEGRADERS
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An alternative approach to classical protein inhibition consists in inducing protein
degradation. Proteolysis targeting chimeras (PROTACs) are compounds that artificially induce
the degradation of a protein of interest (POI) by hijacking the ubiquitin-proteasome system (UPS),
a pathway native to eukaryotic cells responsible for degradation of proteins to maintain
intracellular homeostasis. Proteins that are degraded by the UPS are first covalently tagged with
ubiquitin (Ub) by a three-step process mediated by a Ub-activating enzyme (E1), a Ub-conjugating
enzyme (E2) and an Ub ligase complex (E3). After ubiquitination, the protein is degraded by the
26S proteasome.[1]
PROTACs are heterobifunctional molecules constituted by two warheads, a POI ligand and
an E3 ligase ligand, fused via a chemical linker. The POI warhead constitutes a molecule capable
of binding to the POI, while several E3 ligase ligands, such as thalidomide or the VHL ligand, are
used as the E3 ligase warhead. Linker design is crucial to the PROTAC activity and different
parameters such as length and chemical composition must be optimized to find an active
compound.[2]

Figure 1: General structure of the PROTACs developed. ER-targeting warhead (1), p38targeting warhead (2), CRBN ligand (3), VHL ligand (4).
We have designed and synthesized PROTACs for the degradation of two important
proteins: p38 and the estrogen receptor (ER). In this talk, we will describe the synthesis and the
biological activity of our compounds, discuss the structure-activity relationship optimization
process and talk about other possible applications of heterobifunctional molecules.
References
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degradation. J. Am. Chem. Soc. 2004 ,126, 3748–3754.
[2] Wang Y. et al. Degradation of proteins by PROTACs and other strategies, Acta Pharmaceutica
Sinica B, 2020, 10, 207-238.
[3] Riera, A. et al. Optimal linker length for small molecule PROTACs that selectively target p38α
and p38β for degradation, Eur. J. Med. Chem., 2020, 201, 112451.
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LANTHANIDE COORDINATION CHEMISTRY
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Nitrooxidative stress conditions are generated in vivo as a consequence of the presence
of peroxynitrite (ONOO−), produced through the reaction of nitric oxide (NO•) and superoxide
(O2•−). The produced peroxynitrite irreversibly reacts with protein tyrosine residues producing
3-nitrotyrosine.[1] Interestingly, the levels of nitrotyrosine residues are observed to be at greater
than basal levels in proteins associated to both Parkinson and Alzheimer’s diseases.[2,3] In the
present study, a nitrooxidative stress sensor was designed based on lanthanide luminescence
emission, exploiting tyrosine and nitrotyrosine residues as antenna. Based on an α-synuclein
fragment found nitrated in vivo, two peptide sequences containing either unmodified or nitrated
tyrosine residues were synthesized and functionalized with a metal ion chelator at the N-terminus.
The Tb(III) or Eu(III) tyrosine-containing peptide complexes produce phosphoresce emission
whereas the resulting signal is quenched in the nitrated versions of the probe. Studies of the
coordination sphere of the metal ion show nitrotyrosine complexation to the lanthanide ion
mediated by its deprotonation at physiological pH. Additionally, the tyrosine nitration of the
lanthanide peptide complexes by peroxynitrite has been confirmed. The designed lanthanidebased optical sensor comprises a promising tool for the detection of nitroxidative species involved
in disease.
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DESIGN OF BITOPIC LIGAND MODULATORS OF THE CANNABINOID CB2
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G-protein-coupled receptors (GPCRs), the largest family of druggable proteins in the
human genome, can be modulated in their allosteric site, which is a novel targeting approach to
achieve potential therapeutic benefits avoiding intrinsic side effects of orthosteric ligands.[1]
Allosteric modulators (AMs) act in the allosteric binding site, modulating the affinity or/and efficacy
of the orthosteric ligand receptor in a negative (NAM) or positive (PAM) way,[2] without altering
the receptor conformation.
CB1R and CB2R, two members of this GPCR family, have been studied as a target for
pharmacotherapy due to the related effects with (−)-cannabidiol (CBD) as an active component
(Fig. 1).[3]

Figure 1
Unlike ∆9-THC, CBD has no psychoactive effects, while it has shown several therapeutic
benefits. However, its molecular pharmacology is rather unclear. Recent investigations have
suggested that CBD may act through divergent allosteric mechanisms at these receptors,
behaving either as a CB1R negative allosteric modulator (NAM) of ∆9-THC signalling and as a
partial agonist at CB2R or as an allosteric modulator at CB2R.[4]
Through computational approaches and molecular dynamic simulations, new PAMs and
NAMs for the allosteric binding site of CB2R have been synthesized in our research group, with
promising results (Fig. 2a).[5] Following this work, bitopic ligands, with the capability to bind into
the orthosteric and allosteric binding sites, are being developed. These ligands combine the high
affinity of the orthosteric sites with the high selectivity of the allosteric site (Fig. 2b).

Figure 2
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The Tn antigen (GalNAc-α-1-O-Thr) is a well-known tumor-associated carbohydrate determinant.
The use of glycopeptides with this structure (e.g., mucin 1, MUC1) has become a promising field
of research due to their potential use as cancer vaccines.[1] However, current vaccine candidates
generally have weak in vivo immune responses due to their low stability and immunogenicity.[2]
To address these drawbacks, we will modify several residues in the peptide sequence of MUC1
by unnatural amino acids, such as β-amino acids,[3] or surrogates of arginine residue.
In this study, the synthetic routes and challenges encountered in obtaining the various
homologues will be described. The affinity of a library of glycopeptides containing β-amino acids
for the anti-MUC1 SM3 antibody will be presented and preliminary results will be discussed along
with future prospects.
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The multifactorial nature of Alzheimer´s disease (AD), the most prevalent
neurodegenerative disorder, is emerging as a key feature to consider when addressing its
treatment. At molecular level, AD is characterized by the formation of plaques of β-amyloid
peptide (βA), neurofibrillary tangles (NFTs) mainly composed by hyperphosphorylation of tau
protein, oxidative stress, chronic neuroinflammation and mitochondrial dysfunction, among other
irreversible pathological processes.1 These alterations are closely related to the over-activity and
over-expression of GSK-3β, a kinase that participates in several pathological mechanisms
including neuroinflammation; the interaction of acetylcholinesterase (AChE) with βA that
increases the deposition of this peptide into insoluble plaques; and the dysregulation of cytosolic
Ca2+ homeostasis, that triggers apoptosis and free radicals production, contributing to oxidative
damage and, finally, to neuronal death.2
Thus, we have performed the design, synthesis and pharmacological evaluation of a new
family of 4,6,7,8,9,11-hexahydro-1H-benzo[b]pyrazolo[4,3-g][1,8]naphthyridines as multitarget
directed ligands based on the simultaneous inhibition of GSK-3β, AChE and blockade of L-type
Voltage Dependent Calcium Channels (L-VDCCs). These activities have been successfully
implemented in the designed compounds, which have shown to act as AChE and GSK-3β
inhibitors at nanomolar and micromolar concentrations, respectively, and L-VDCCs blockers in
the micromolar range.
The combination of these biological activities has led to a significant reduction of nitrite
production showing an attractive anti-inflammatory profile in microglia cell cultures exposed to
Lipopolysaccharide (LPS: 100 ng/mL). Novel derivatives have also demonstrated antioxidant
effects and an interesting neuroprotective profile on in vitro models of hyperphosphorylation of
tau protein, oxidative stress, and overload of cytosolic calcium. Considering the potential use of
our compounds as AD treatment, the in vitro prediction of their capacity to cross the blood-brain
barrier (BBB) by passive diffusion using the PAMPA method showed a good permeability profile.
In conclusion, these multitarget compounds have a good pharmacological and
neuroprotective profile. Thus, we propose them as potential agents for the treatment of AD.
References
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Hyaluronic acid (HA) is an anionic linear high-molecular weight polysaccharide located in
the extracellular matrix composed of repeating disaccharide units of [D-glucuronic acid-(13)N-acetyl-D-glucosamine] linked through (14) bonds. Depending on the tissue source, this
polymer usually consists of 2000-25000 disaccharide units, giving rise to molecular masses
ranging from 104 to 107 Da. HA is found, in humans, in tissues such as the vitreous body of the
eye, cartilage or synovial fluid of the joints. It is known as a lubricant responsible for the
viscoelastic properties of tissue fluids and as a stabilizing and hydrating component, which
impacts on several cellular functions, such as migration, adhesion and proliferation. Recent
biomedical applications of HA include ophtalmic surgery, arthritis treatment, scaffolds for wound
healing, tissue engineering and as a component in implant materials[1].
Hyaluronic acid gets degraded by hyaluronidases, producing the hyaluronic acid
oligosaccharides (HAOS). One of the most used hyaluronidases is the bovine testicular
hyaluronidase (BTH), an endoglycanhydrolase that cleaves the (14) bond, releasing
oligosaccharides with N-acetyl-D-glucomsamine endgroups. The mechanism by which BTH
degrades HA is complex, as the enzyme simultaneously catalyzes degradation and elongation of
the substrate by hydrolysis and transglycosylation, respectively. BTH produces oligosaccharides
and polysaccharides of different chain lengths, so it is difficult to identify the reaction products and
establish how they are generated[2]. Additionally, several studies suggest that HAOS display
unique biological activities that are not shared by intact HA polysaccharide. Therefore, properties
of HA and HAOS (including their cosmetic and pharmaceutical uses) are strongly size-dependent.
In this context, the importance of analytical methods for the determination of well-characterized
and highly purified HAOS of defined size becomes clear.
We report our results on the development and optimization of different techniques for
monitoring the enzymatic hydrolysis of HA, as well as the fractionation and characterization of
the obtained oligosaccharides. Firstly, the reaction between the hyaluronic acid and the BTH was
followed by high performance anion exchange chromatography with pulsed amperometric
detection (HPAEC-PAD) and by high performance size exclusion chromatography using
evaporative light scattering detector (SEC-ELSD). Afterwards, in order to isolate the
oligosaccharides, solid phase extraction was performed using silica based anion exchange
chromatography cartridges. Finally, the hyaluronic acid oligosaccharides were also separated
depending on its molecular size using crosslow filtration with membranes of 3 kDa and 10 kDa.
Fractions of different HAOS obtained were analyzed by HPAEC-PAD and characterized by mass
spectrometry (MALDI-TOF).
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In the last decade, non-canonical nucleic acid structures have attracted considerable
attention of researchers from many science fields, including chemistry, biology, physics, materials
and nanotechnology. Non-canonical nucleic acid structures include triplexes, i-motifs, three/fourway junctions or G-quadruplexes (G4). The later one is a supramolecular assembly of two or more
tetrads, which arise from the hydrogen bonding network of four coplanar guanines. The stability
and topology of G4 structures are mainly controlled by the used alkali metal cation and the nature
of the nucleic acid (DNA or RNA).[1] Strikingly, a large number of putative G-quadruplex forming
sequences have been identified in the genomes of human and viruses, and evidences suggest
their pivotal role in key biological processes such as ageing and cancer.[2] Therefore, these G4
structures have been proposed as potential targets by small molecules for therapeutic
intervention.[3]
Herein, we present the interaction of two new metal-phthalocyanines bearing four
ethylammonium substituents with DNA. We used a range of biophysical assays (FRET melting
assays and fluorimetric/UV-Vis titrations) to investigate the binding of phthalocyanines with G4
DNAs from different origin (telomeric and oncogenic) as well as duplex DNA. All studies showed
a strong interaction with G-quadruplexes together with a moderate ability to discriminate G4s over
duplexes. Of outmost importance, our results highlight the key role of the metal core on binding
the planar G-quartet units of G4s, being the nickel-based phthalocyanine the stronger G4 binder
while the zinc-based complex is a moderate binder but exhibits interesting photoactivable
properties.

References
[1] (a) S. Neidle and S. Balasubramanian, Quadruplex Nucleic Acids, RSC Publishing Cambridge,
2006; (b) J Spiegel, S Adhikari and S Balasubramanian, Trends Chem., 2020, 2:2, 123-136.
[2](a) D. Rhodes and H. J. Lipps, Nucleic Acids Res., 2015, 43, 8627-8637; (b) N. Kosiol, S.
Juranek, P. Brossart, A. Heine and K. Paeschke, Mol. Cancer, 2021, 20:40.
[3] (a) S. Neiddle, J. Med. Chem., 2016, 59, 5987-6011; (b) D Varshney, J Spiegel, K Zyner,
D Tannahill and S Balasubramanian, Nat. Rev. Mol. Cell Biol., 2020, 21, 459–474.

1138

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-603

DEVELOPMENT OF TRIPHENYLAMINE DERIVATIVES FOR TARGETING GQUADRUPLEXES IN NEURODEGENERATIVE DISORDERS
Ariadna Gil-Martínez, Isabel Pont, Enrique García-España, Jorge González-García
Author affiliation University of Valencia, Institute of Molecular Science, C./ Catedrático José
Beltrán 2, Paterna 46980, Spain
e-mail: Ariadna.gil@uv.es
Keywords: G-quadruplex, ALS, FTD, ligand screening, G4C2, FRET melting.
Nucleic acids (DNA and RNA) carry the basic molecular code of life and the functions are
governed not only by their base sequence (primary structure) but also their secondary or higherorder structures. DNA was associated to the most abundant and studied secondary double helix
structure formed by base-pairing and discovered over 70 years ago by Crick, Watson, and
Franklin. However, other non-canonical nucleic acid structures have been described such as
triplexes, i-motifs, three/four-way junctions or G-quadruplexes (G4s). A large number of putative
G-quadruplex forming sequences have been identified in the genomes of human, microorganisms
and viruses, and evidences suggest their pivotal role in controlling key biological processes such
as genetic expression, protection against ageing, or the transmission of neural information. G4s
are supramolecular assemblies of two or more tetrads, which arise from the hydrogen bonding
network of four coplanar guanines.[1]
Strikingly, G4s have also been associated with neurological disorders, in which Gquadruplex formation sparks the mechanisms of the pathology. Among disorders, Amyotrophic
Lateral Sclerosis (ALS) and Frontotemporal Degeneration (FTD) are associated to the presence
of a large number of hexanucleotide repeat expansion GGGGCC repeats (termed G4C2) within
the intron of C9orf72 gene.[2] The mechanisms underlying potential toxicity associated with G4C2
are still being defined with two leading hypotheses centering around gain-of-function mechanisms
(i) sequestration of RNA-binding proteins and (ii) repeat-associated non-AUG translation of
repeat-containing transcripts produce dipeptides that are toxic to neurons. Interestingly, G4C2
expansions can fold into G4s and small molecules have shown their therapeutic effect by
shielding pathogenic interactions of the hexanucleotide expansions with RNA-binding proteins
and interfering RNA translation.[3]
Here, we present the interaction of DNA and RNA G4s formed by G4C2 repeats and
associated with ALS/FTD by FRET melting assays. Our results highlight the key roles of (i) the
net charge and (ii) the structure of the ligands, identifying several molecules as strong G4 binders.
Currently, we are evaluating the potential activity of these ligands in cellular models of these
disorders for the future application of drug for ameliorating ALS/FTD.
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An analysis of drugs approved by the FDA between 1981 and 2019 showed that almost
80% of new antibacterial drugs were inspired by natural products.[1] In recent years, the interest
in natural products as a “chemical space” source in drug discovery is re-emerging.[2] We became
interested in exploring the therapeutic potential of of 3H-pyrrolo[2,3-c]quinolines–the main core of
Marinoquinoline natural products–for the development of new anti-TB agents. The chemical
modification of various positions in this scaffold has led to the discovery of two pyrroloquinolines
(compounds 50 and 54) with good in vitro activity against virulent strains of Mycobacterium
tuberculosis (H37Rv).[3] Both derivatives proved to be allosteric inhibitors of glutamate-5-kinase
(G5K), an essential enzyme for this pathogen involved in the proline biosynthesis pathway. The
results of various molecular dynamics simulation studies revealed that the reported inhibitors
appear to interact with the interface between enzyme domains, against different pockets and with
distinct recognition patterns. The allosteric interaction of one of the compounds promotes longdistance conformational changes at the L-glutamate binding site that would prevent it from
anchoring for catalysis, while the other compound alters the ATP binding site architecture for
recognition. This work also demonstrates the potential of the G5K enzyme as a biological target
for the development of new anti-TB drugs.
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Viral-based gene delivery systems have been privileged in the field of gene therapy,
which is mainly because of their efficient transfection rate. However, their clinical applications
remain controversial due to their inherent recombination and immunogenicity risks. Nonviral
vectors (such as cationic lipids and polymers) exhibit superior safety and biocompatibility, but
have enhanced difficulty in overcoming biological barriers while keeping the virus extraordinary
infectivity potential. To tackle these hurdles, imparting environmental-responsiveness based on
host-guest- complex formation has shown promising prospects.[1] Taking advantage of enzymatic,
pH, or redox potential changes upon cellular uptake, the stability of host-guest-supported gene
carriers can be manipulated to elicit a timely release of the nucleic acid cargo.
In this work, we explored the abilities of oligoethylenimine-armed star-shaped
macrocycles, built from the disaccharide α,α’-trehalose (cyclotrehalans, CTs),[2,3] to form
supramolecular dimers upon inclusion complex formation with bis-adamantane guests that can
next co-assembly with DNA to form transfectious nanocomplexes (CTplexes). Herein we show
that, by judiciously engineering the CT (cavity size) and bis-adamantane structures (connector
length and presence of reducible disulphide bond), pDNA nanocomplexation and delivery can be
drastically enhanced both in vitro and in vivo through a dual pH/redox-sensitive regulation
mechanism (Figure 1).

Figure 1: Inclusion-driven supramolecular dimer formation between a disulphide-armed bisadamantane guest and two trimeric CT-based star polycation. Co-assembly with DNA to form
dual pH/redox-responsive systems is schematically represented
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Abnormal glycosylation –and more specifically, sialylation- patterns are known to occur in
cancerous cells, becoming those glycans a biomarker for cancer detection.[1] However, the
complexity and vast array of glycoforms structurally similar to each other that can be present in
cells, makes a challenge the identification of the ones actually involved in tumour growth. Rates
of 50% and 25% of false positive and negative results -respectively- in early detection of Prostate
Cancer (as an example) are a good proof for the need of an enhanced detection technology.[2]
This project aims to develop a methodology to accurately, efficiently, and selectively find
receptors for such glycans.
We employ Dynamic Combinatorial Chemistry (DCC). DCC allows you, not only to
synthesise a number of receptors, but also to identify the best one among them. This methodology
already gave us some preliminary promising results that will be further confirmed by analytical
techniques such as ITC, DLS, and NMR. We are already working on the development of a
peptide-based second-generation library, incorporating more complex building blocks and larger
library sizes, that will bring even better receptors to be employed for the effective early detection
of cancer.
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Protein and peptide modification is an area of the field of chemical biology currently on
the spotlight due to its potential applications in the biomedical field, for example, in cancer
treatment. While most of the attention has focused on antibody-drug conjugates (ADCs), peptide
drug conjugates (PDCs) have also proven to be efficient as therapeutics, and have several
advantages over ADCs due to their smaller size, such as improved penetration of tumor tissue or
decreased immunogenicity.[1] Nevertheless, production of peptide conjugates often proves to be
non-trivial, and chemical methods tend to display an array of shortcomings, such as poor
thermostability, low potency, or off-target toxicity.[2] An alternative to chemical conjugation is
biocatalysis. Enzymatic methods exhibit exceptional selectivity, fast kinetics, high yields and
require mild conditions, and as a result are showing to be superior to chemical methods in many
aspects.
We developed an enzymatic method to acylate peptides, which allowed the introduction
of a range of bioorthogonal probes, and functionalization of up to five residues was observed in a
20-mer peptide. Bioorthogonal handles can then be further labelled through the use of chemical
biology tools. Furthermore, isotopic labelling of peptides was also achieved via acetylation using
the same enzymatic system.
These findings show a new method to modify peptides with a range of probes or to
isotopically-label them. This system could be applied in a variety of fields, especially in the
production of therapeutics. For example, acylation of peptides with fatty acids has been shown to
increase their half-life due to the blocking of restriction sites, allowing longer circulation times.[3]
Increase of enzymatic specificity for certain peptide residues via mutagenesis could be employed
to produce homogeneous products. Manufacturing of PDCs is a potential application, allowing
specific modifications and avoiding problematic chemical syntheses.
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Cluster of differentiation 44 (CD44) is a transmembrane glycoprotein receptor, whose
interaction with hyaluronic acid (HA) is implicated in multiple signaling pathways including cell
proliferation, migration and survival, which promotes cancer development, metastasis and drug
resistance.[1,2] Therefore, the inhibition of HA-CD44 interaction has been established as a
pharmacological target in cancer therapy.
Etoposide is considered as an antitumor agent in a wide variety of cancer and also as HACD44 interaction inhibitor.[3] Besides, a series of 1,2,3,4-tetrahydroisoquinolines (THIQ) were
identified to inhibit this interaction through binding to an inducible pocket adjacent to the HA
binding groove.[4]
Based on the aforementioned information, we aimed on combining etoposide and THIQ
moieties into a single candidate template for the purpose of synergetic activity (Figure 1).
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Figure 1. Design of novel HA-CD44 interaction inhibitors.
The selectivity of THIQ binding site is studied by adding different substituents to distinct
positions in THIQ ring. The obtained THIQ derivatives are combined with the etoposide through
an ester bond to form the prodrugs. This bond is very prone to hydrolysis giving rise, in
physiological conditions, to etoposide on one hand and the corresponding THIQ derivatives on
the other.
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Receptor tyrosine kinases are a subclass of tyrosine kinases that are involved in a wide
range of cellular processes[1]. In brief, kinase-activating mutation, or overexpression of these
receptors may result in the appearance of different types of cancer[1]. For this reason, Tyrosine
Kinase inhibitors (TKIs) were developed as targeted oncotherapy for these diseases[2]. Generally,
these anticancer drugs are well tolerated by patients, however, cutaneous reactions are very
common, and, in most cases, enhanced by sunlight exposure[2]. In this context, studies performed
for lapatinib established that photochemical reactivity and photophysical properties are in
agreement with the photo(geno)toxicity provoked to cells[3,4]. Additionally, in our recent work, the
photophysical properties of gefitinib (GFT) have been evaluated revealing its capability to induce
photosensitized reactions[5].
Hence, the goal of the study is to perform a preliminary screening to investigate the
phototoxic potential of different TKIs. The inhibitors selected in this study are Gefitinib (GFT),
Axitinib (AXT), Dasatinib (DAS) and Avapritinib (AVP) (Fig.1A). For this purpose, a Neutral Red
Uptake assay (NRU) was performed in human keratinocytes (HaCaT). The dose-response curves
revealed a significant phototoxic potential for GFT, AXT and AVP, whereas DAS exhibited lesser
phototoxicity. In order to understand the underlying photosensitizing mechanism of the selected
TKIs it has been evaluated both protein photooxidation and cellular DNA photodamage. As shown
in Fig.1B, alkaline comet assay for both GFT and AVP displayed a considerable photogenotoxic
effect, whereas AXT did not trigger DNA photodamage. In the case of DAS, photogenotoxicity
results were comparable to the NRU outcome. In additional experiments, a significant DNA
photodamage recovery was only observed for GFT. Likewise, for both GFT and AVP a remarkable
protein photooxidation was visualized. In contrast, AXT did not exert a substantial photoinduced
oxidative effect towards proteins obtaining higher levels of carbonyl content for DAS.
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Fig.1. A) Chemical structures of TKIs. B) Fluorescence microscopy images of comet assay.
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In the last years, sp2-iminosugars, a family of structural, chemical and functional mimics of
monosaccharides, have shown potential as glycosidase inhibitors/effectors of several
glycosidases. The prospects for the treatment of glycosidase-associated pathologies ranges from
lysosomal storage disorders, such as Gaucher, GM1-gangliosidosis or Fabry diseases, to agerelated neurodegenerative conditions such as Alzheimer disease [1,2]. Strategies allowing fine
spatiotemporal control of the glycomimetic activity, e.g. permitting the programmed
activation/deactivation of the glycosidase inhibitory effect, are highly wanted at this respect.
Towards this end, we have addressed the design and synthesis of light-responsive sp2iminosugar glycomimetics targeting lysosomal α-galactosidase (GALA), the defective enzyme in
Fabry disease, as a showcase example. We planned to insert a photoresponsive azobenzene
element in the glycomimetic. Azobenzenes can switch between the E and the Z configuration by
irradiation at the appropriate wavelength [3], thereby modifying the overall molecular topology
and, consequently, the biological activity. Initial data show that E isomers behave as
submicromolar GALA inhibitors. Conversion into the Z isomers, obtained with total yield by
irradiation with a wavelength of 365 nm, showed much lower inhibitory potency against GALA.
The results support the promise of photopharmacological approaches [4] in glycodrug design.

Figure 1. 3D View of GALA and example of photoswitchable sp2-iminosugar inhibitor.
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Enzymes are the most efficient and specific catalysts in nature. Hydrogen bonds,
hydrophobic interactions, disulfide bonds and a wide variety of different interactions set up a
unique active site, formed by a few amino acids, which plays the essential role in the catalytic
activity. Hydrolases, such as chymotrypsin and N-terminal hydrolases, are able to catalyze
hydrolytic reactions by using a nucleophilic hydroxyl or thiol group, a basic nitrogen and an
oxyanion hole which stabilizes the tetrahedral intermediate in a two-step mechanism.[1] Due to the
difficult synthesis of a whole enzyme, emulation of the active site, specifically the oxyanion hole,
is a good strategy to mimic hydrolases catalytic activity.[2]
In this work, different scaffolds with narrow and adjustable oxyanion-hole moieties[3] have
been explored. We have also included a second hydrogen-bond network in order to improve the
substrate association and tetrahedral intermediate stabilization. They have been tested in the
methanolysis of acyl-enzyme-mimic intermediates, achieving meritorious half-life times up to
2.8·108 versus the non-catalysed ethyl acetate hydrolysis (150 years), similar to enzyme reaction
rates (1010). One of the bio-mimetic catalysts synthesized was able to catalyze the
transesterification of ethyl acetate with methanol at room temperature. To the best of our
knowledge, it is the first time that a synthetic enzyme which tries to mimic the active center of
natural hydrolases is able to perform this reaction.
(A)

(B)

Figure 1. (A) X-ray structure of O-tosylated -chymotrypsin active center (PDB ID: 2CHA) and
(B) catalytic features of the hydrolase mimics designed in this work.
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NANOSTRUCTURED LIPID CARRIERS
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Nanostructured lipid carriers (NLCs) represent a powerful drug delivery system (DDS)
because of their good biocompatibility, biodegradable properties, high drug loading, controlled
drug release, long-term stability and scaling-up feasibility.[1] The chemical nature of NLCs allows
the encapsulation of both lipophilic and lipophobic drugs, and they can be tailored according to
the characteristics of the drug, the path to be followed by the medicine upon its administration,
and the condition to be treated.[2] Anionophores, small molecules capable of translocating anions
across lipid membranes, are good candidates for encapsulation in NLCs due to their potential
pharmacological activity.[3] For instance, click-tambjamines, some of the most potent anion
carriers reported to date, have proved to display useful biological activities.[4]

Figure 1. Structures of the studied compounds.
Herein we present a study of the formulation of a series of click-tambjamines in NLCs and
their transmembrane anion transport properties in model liposomes (POPC). These molecules
differ in the length of the alkyl chain attached to the imine moiety and, therefore, in their lipophilicity
and solubility (Figure 1). Ion-selective electrode (ISE) and HPTS-based assays were employed
to study the transport activity of these compounds. The potency of these compounds is highly
dependent on their lipophilicity, and their encapsulation in NLCs maintains or slightly increases
their transport, concluding that this type of nanostructured lipid carriers represents an appropriate
drug delivery system for lipophilic anionophores.
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Molecular recognition is essential for most of the biological functions of biomacromolecules,
such
as
biodistribution
(transport
proteins),
biotransformation
(enzymes)
or
activation/deactivation (receptors). To understand this process, precise structural information is
needed, which can be obtained from experimental techniques such as cryo-EM or X-ray
crystallography. Unfortunately, they cannot be generally employed. To overcome this handicap,
we have developed a multidisciplinary platform that exploits the intrinsic photobinding properties
of the ligand (fluorescence and transient absorption spectroscopy), without its modification with
fluorescence dyes, to determine its binding. In combination with proteomic analysis and molecular
dynamics simulation studies, this methodology allows determining at the atomic level how the
ligand modulates the activity of a certain target.[1] Here, we present the application of this
integrated approach to study the binding of ezetimibe (anti-cholesterol drug), (S)-carprofen (antiinflammatory drug) and lapatinib (anti-cancer drug) to human serum albumin.[2-4]

Acknowledgements: Financial support from the Spanish Ministry of Science and Innovation
(PID2019-105512RB-I00), the Xunta de Galicia [ED431C 2021/29 and Centro singular de
investigación de Galicia accreditation 2019–2022 (ED431G 2019/03)] and ERDF is gratefully
acknowledged. We thank the Centro de Supercomputación de Galicia (CESGA) for use of the
Finis Terrae computer.
References
[1] D. Limones-Herrero, et al Chem. Sci. 2017, 8, 2621−2628.
[2] R. Pérez-Ruiz, et al Chem. Eur. J. 2017, 23, 13986−13994.
[3] O. Molins-Molina, et al Org. Chem. Front. 2019, 6, 99−109.
[4] I. Vayá, et al Chem. Eur. J. 2020, 26, 15922−15930.

1149

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-614
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CDK5 is a serine/threonine kinase, member of the cyclin-dependent kinase (CDK) family,
which is expressed ubiquitously, but primarily in post-mitotic neurons [1], and has a major role in
the regulation of key neuronal functions. CDK5 activation occurs after the proteolytic cleavage of
p35 protein partner to p25, by calpain and stimulated by Ca2+, which is released into the cytoplasm
[2]
. In pathological situations, CDK5 hyperactivity is related with the onset and development of
several neurodegenerative diseases, inducing neuronal death [3]. Furthermore, numerous studies
report upregulation or hyperactivation of CDK5 in several types of human cancers, highlighting
the importance of this kinase as a drug target for cancer therapy [4][5]. Therefore, CDK5 constitutes
an attractive pharmacological target in neurodegenerative disorders and oncology. Hence
development of a fluorescent biosensor of CDK5 partners involved in its activation would
constitute an attractive means of reporting on its potential dysregulation in pathological conditions.
In this communication, we report the development of a genetically encoded fluorescent biosensor
of calpain, critically involved in CDK5 activation, which in conjunction with advanced microscopy
techniques has been successfully employed to study the involvement of CDK5 in different
physiological and pathological situations.

Figure. Calpain-dependent proteolytic cleavage of the p35 cyclin-dependent kinase 5 to p25 for
the activation of the kinase.
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Deep Eutectic Solvents (DES)[1] have become a sustainable alternative to harmful and
pollutant volatile organic solvents in several research areas, including organic synthesis.[2]
Although the toxicity of DES has been claimed to be low due to the natural and renewable origin
of their components, the synergistic effect of both components in their toxicity profile should not
be neglected. During our research in this field, we have implemented a new protocol to assess
the toxicity of known and new DESs using different bacteria and haloarchaea to perform these
studies.[3]
We have found that the haloarchaea Haloferax mediterranei[4] can be used as a model
organism to monitor the toxicity of DES. For instance, this haloarchaea growth was not
compromised until 400 mM concentration of a DES formed by the combination of acetylcholine
chloride and acetamide. In addition, a correlation between the concentration of the DES and the
decrease of the pH of the solution was found during these studies, together with a spectacular
increase in the production of carotenoids by the haloarchaea. Concerning choline chloride-based
DES, their toxicity was found to be higher than the acetylcholine-based ones, compromising the
growth of the haloarchaea in a concentration of 350 mM.
Besides their possible non-toxicity and to meet the Sustainable Development Goals,
discharges of DESs to the environment should be avoided. Therefore, the possible use of the
DESs as nitrogen source for H. mediterranei was evaluated for choline chloride:acetamide DES,
founding that in fact, the haloarchaea served for the bioremediation of this DES.
With these results, in addition, to assess the DESs toxicity, it was demonstrated that the
use of haloarchaea can be a promising route to easily avoid their introduction in the environment
by producing at the same time new compounds of interest, such as carotenoids, showing that
DESs can be ideal solvents in the Circular Economy for the Chemical Industry.
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HIGHLY ORGANIZED SILVER-DNA BASED NANOSTRUCTURES AS A
POTENTIAL ANTIBACTERIAL AGENT
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One of the world’s most urgent public health problems is caused by antibiotic-resistant
infections. This problem arises from bacteria and fungi developing severe resistance to many
antibiotics. Consequently, it is vital to develop new drugs capable of killing bacteria and fungi
using new pathways. In this regard, drugs based on Ag(I) ions and metallic silver demonstrate
remarkable antibacterial and antifungal activity. Recent research suggests that a slow release of
Ag(I) at specific locations within cells can be an effective strategy to kill bacteria and overcome
resistance.[1] Thus, the challenge is to create customized and stable Ag-based drugs capable of
entering cells and releasing Ag(I) at a slow rate. In this regard, DNA-based materials have
exceptional structural design properties that allow them to act as drug-delivery systems,
constituting a promising alternative for delivering active drugs at concrete locations of living
organisms.[2] Thus, the preparation of customized DNA-based structures carrying a controlled
amount of silver is an exciting approach for developing new antibacterial drugs.
This communication presents our progress in developing metal-DNA systems for
nanotechnology, including biomedical applications. We employ modified DNA sequences where
7-deazaadenine and 7-deazaguanine replace purine bases (adenine and guanine). This subtle
modification on the purine bases allows Ag(I) ions to interact at the central axis of the double
helix, forming so-called silver-modified base pairs. The resulting Ag-DNA structures show high
stability and retain the original design,[3,4] suggesting these systems could act as customized slowrelease Ag(I) delivery systems. Moreover, 7-deazapurine is an active cytotoxic agent with which
silver can work in synergy. Importantly, we can prepare customized structures using appropriated
oligonucleotide sequences, for instance, an Ag-DNA Holliday junction nanostructure[5] where
silver ions sit at specific locations forming silver-modified base pairs at each of the four arms.
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Carbon monoxide has shown and important roles in cell signaling process, acting as antiinflammatory, anti-apoptotic (lower concentration) and on healthy cell, helping on process of organ
transplants and when used on higher concentration act as pro-apoptotic and anti-proliferative in
cancerogenic cells. Method of delivery of CO molecule is extremely important since it’s a known hazard
when inhaled in large quantities. Thus, Photoactivated Carbon monoxide release molecules
(PhotoCORMs) provide and storage inactive CO until excited with UV-Vis light, breaking up the metal
carbonyl bounds to safely and controllable deliver the gaseous molecule to it destination [1].
Therefore, this work is to present new photoCORMs, with metal center Mn(I) and ligands
containing Sulfur to modulate CO release and increase bio compatibility. One of the ligands reported
here is 2-pyridyl-N-(2’-methylthiophenyl)-methyleneamide (L1), it was synthesized, followed by
purification and characterization prior the coordination with Bromopentacarbonylmanganese using
methodology reported by Gonzalez et. al [2], Figure 1a.
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Figure 1: a) Synthetic route for [Mn(CO)3(L1)Br] and b) Structure of the synthesized
photoCORM.
Singles crystal x-rays of the synthesized photoCORM, figure 1b, confirms structure and success
of synthesis hence spectroscopy and release studies were made. The kinetic of CO release were made
under irradiation of LEDs on 450 ± 10nm. At UV-Vis spectra we notice that while the band on 490nm
is extinguished a new band appears on 610nm and as irradiation time increase that band also get
extinguished, figure 2a. Same behavior is seen on liquid FTIR spectra, were se see the characteristics
bands for CO with symmetry C3V on νCO 2030 cm-1 (A1) νCO 1944/1929 cm-1 (E) decreasing while a band
on 1870 cm-1, that’s attributed to a bis-carbonyl photoCORM, that’s is formed while Mn-CO bonds is
broken and the decay of that band as a result of more irradiation, releasing on the release of the
remaining CO and degradation com carbonyl compound. It’s also noticed a band 2136 cm -1, region of
free carbon monoxide, indicating once more the successful release of CO, figure 2b. Kindred
PhotoCORMs on literature[3] corroborate with our findings.

Figure 2: UV (a) and IR (b) spectral changes of [Mn(CO)3(L1)Br] during excitation with a 450 ± 10 nm
incident light in a dichloromethane solution.
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One of the most used and representative aromatic aldehydes in industry is benzaldehyde. This is
a colourless liquid, with a very characteristic smell of bitter almonds, which has many uses from
food industry to cosmetics[1].
Moreover, peroxynitrite anion (ONOO-) is an inorganic species involved in several biological,
chemical and atmospheric processes[2], whose formation in vivo has been associated with
reaction of the free radical superoxide with nitric oxide radical in blood vessels. Peroxynitrite in
the human body can act as a pathogen causing the nitration of tyrosine residues which may alter
phosphorylation / dephosphorylation of proteins, DNA base nitration, regulation and inhibition of
mitochondrial respiration; etc. [3]
Given the importance of benzaldehyde and its derivatives as food additives, and knowing that
peroxynitrite is present in most animal tissues, it is necessary to know the oxidation processes to
ensure the organoleptic perception of the acquired food. Thus, this study is focused in on the
mechanism of degradative oxidation.
The mechanism proposed a nucleophilic attack of peroxinitrite on the carbonil group of
benzaldehyde:

In addition, the influence of the structure of the different substituted benzaldehydes on the
oxidation reaction has been analyzed.
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Ebola virus (EBOV) is an aggressive pathogen that causes a highly lethal hemorrhagic
fever syndrome in humans and nonhuman primates. Since the discovery of the virus in 1976, the
scientific community's efforts to find a vaccine or treatment for Ebola virus disease (EVD) have
not ceased, with increased attempts after following severe outbreaks in recent years.[1] However,
despite the efficacy of a vaccine approved by the FDA in 2019,[2] and treatments based on
monoclonal antibodies,[3] outbreaks continue to occur in Africa unpredictably. Because of this, we
have focused our efforts in the development of small molecules with antiviral activities against
EBOV.
In a previous work, we have identified new small organic molecules with potent inhibitory
action against EBOV infection using pseudotype viruses (pEBOV).[4] One of them, carbazole
SC816 showed antiviral activity in the low micromolar range. Based on these preliminary results,
we conducted a medicinal chemistry program around the carbazole hit.
Different modifications were done in order to improve not only antiviral potency but also the
therapeutic window by measuring the cytotoxicity in animal cells. We studied the influence of the
carbazole ring, the importance of the hydrazide linker and the effect of the lateral chain. The
antiviral potential of all the compounds synthesized was checked with a model based on viral
pseudotypes expressing on their surface EBOV-GP. This medicinal chemistry approach allowed
us to find new inhibitors that showed a significant improvement of more than one magnitude order
in the selectivity index, being safer compounds with a better therapeutic window.
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On one hand, IC-Tagging methodology, evolved by genetic engineering from the study of
an avian virus, allows encapsulation of almost any protein of interest, simplifying their purification
as well as exerting an stabilizing effect[1]. IC-Tagging is based on the muNS-Mi protein, which
forms spherical structures acting as a matrix, and on the generation of proteins with a peptide tag
(intercoil, or just IC) which determines inclusion on said spheres. This methodology previously
allowed to obtain difficult-to-express proteins such as the laccase enzyme[2].
On the other hand, the bioorthogonal approach in chemical biology aims to develop in
cellulo or in vivo reactions that do not disturb the cellular metabolism and viability, whilst the
intracellular environment is exploited to obtain valuable products for biological applications[3]. This
can be pursued by translating the power of transition metal-based catalysis to such biological
settings, as it has already been demonstrated in the development of diverse types of catalysts,
from discrete complexes[4] to miniproteins[5] and capsules/MOFs.
The synergy between both concepts allows for the design of hybrid artificial catalysts —by
means of recombinant DNA techniques— that are composed of natural or novel enzymes
(biological catalysts) confined to the spheres, instead of freely distributed in the intracellular
environment as is the case for classical chemical catalysts. Two proteins were selected to test
this approach: metallothionein, for its inherent ability to bind and detoxify exogenous metals such
as gold[6], and laccase, a copper-bearing oxidase from fungi and bacteria[8].
After the construction of the necessary expression vectors, selection and synthesis of
substrates, and preparation of purified proteins and cell cultures for in vitro and in cellulo assays,
respectively, these new metalloenzyme-based systems proved to be an effective system for
catalysis (according to preliminary results) for. In more detail, the gold-(bis(metallothionein)-IC)
encapsulated in muNS-Mi spheres showed in vitro and in cellulo catalytic activity for the coumarin
annulation reaction by alkyne hydroarylation, initially developed as a bioorthogonal transformation
catalyzed by a discrete gold(I) complex. In vitro preliminary results show that copper enzyme IClaccase is another valid catalytic candidate, in this case for the oxidative coupling of hydroxy- and
amino-bearing aromatic substrates.
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In the last decades, the privileged structures based on Natural Products (NPs) have been
successfully used as a tool to design new and efficient drugs in the drug discovery field. Among
NPs, chalcones are considered excellent versatile molecular scaffolds to develop new possible
drugs. Both synthetic and natural chalcones have shown a wide variety of bioactivities among
which stand out the antitumoral against a large number of human cancer cell lines (leukemia,
melanoma, colon cancer...).[1] Particularly, we intend to develop synthetic methodologies using
rational and efficient processes to prepare possible bioactive molecules inspired by these
privileged structures.[2] The construction of the ,-unsaturated system of the chalcones is carried
out by means of the well-known Claisen-Schmidt reaction, an aldolic condensation between
differently functionalized acetophenones and benzaldehydes.[3] Then, it is followed by the
modification of this structural motive by the generation of pharmacologically interesting links
(triazoles, amides, guanidines...) in both sides of the central core (Figure 1). Design, synthesis,
and biological evaluation of a collection of valuable compounds containing chalcone-based
scaffolds through direct, simple, and readily scalable reactions, is described in this
communication.
R’

R

O

Figure 1. General structure of chalcone-based compounds
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Epithelial ovarian cancer (EOC) is the fourth cause of cancer-related death in women. It
is estimated that about 70 % of advanced EOC cases in remission will eventually relapse
regardless of the previous response to the treatment [1,2]. Therefore, there is a need for developing
more personalized treatments. In this context, Poly(ADP-ribose) polymerase inhibitors (PARPi)
have emerged as potent antitumoral drugs, as their ability to inhibit PARP activity. PARPs are a
family of multifunctional enzymes that play an essential role in DNA repair, catalyzing the repair
of endogenous single-strand breaks (SSB) that frequently occurs in cells, which is crucial to their
survival. However, a non-efficient SSB repair can be converted to double-strand breaks (DSB)
that are even more damaging to cells and must be repaired by other mechanisms such as
homologous recombination (HR).
Given this background, niraparib, the third PARPi approved by the FDA in 2017, exerts
its cytotoxic effect by inhibiting PARP activity, preventing the repair of SSB and being
subsequently converted to DSB. Since cells with BRCA 1/2 mutations are unable to repair this
DNA damage by HR, the accumulation of DSB eventually leads to cell death via apoptosis.
Therefore, niraparib is used to treat recurrent epithelial ovarian cancer with mutations in genes
BRCA 1/2, which induces synthetic lethality in those cancer cells unable to repair DNA damage
by HR [3].
Concerning the photosafety of niraparib (NRP), the phototoxic behavior has been
reported for other PARPi [4]. Therefore, in the present work we have assessed the phototoxicity
induced by NRP in human keratinocyte cells (HaCaT) through Neutral Red Uptake (NRU) assay.
As shown in Fig. 1, NRP displayed a high phototoxic potential with a Photoirritant Factor (PIF)
value of ca. 27. This phototoxicity can be attributed to photosensitized damage towards main
cellular biomolecules (lipids, proteins and DNA). Hence, it would be necessary to continue
performing photophysical studies to understand the phototoxicity mechanism involved.

Fig. 1 Chemical structure of NRP (left) and cell viability dose-response curve of HaCaT cells
treated with NRP (right).
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Protein glycosylation is one of the most abundant post-translational modification in nature.
Glycans provide protein stability, assist protein folding, impact oligomerization and change the
structure and function of proteins. Despite their importance, our comprehension of precise
structure–function relationships and the roles of individual glycans on certain proteins is limited
mainly due to the inherent features of glycoproteins (flexibility and heterogeneity) that hamper the
structural characterization by using conventional methodologies such as X-ray crystallography.
Therefore, the development of new tools for the analysis of glycoproteins is needed.[1]
In this context, NMR has emerged as a promising method to characterized intact glycoproteins.[2]
Herein, we will apply modern NMR strategies to characterize the glycosylation pattern of D2
domain of FGF protein receptor, FGFR. FGFR is glycosylated in vivo however the biological role
of this glycosylation is still unknown.[3]

Figure 1. Theoretical structure of glycosilated D2-FGFR with the lanthanide binding
peptide (red)

[1]
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Photodynamic therapy (PDT) is an interesting alternative to traditional chemotherapy
because it can reduce the side effects of the treatment. In this therapy, a photosensitizer (PS)
(inactive in the dark) is activated under visible light irradiation generating reactive oxygen species
(ROS) that cause cellular damage. It is receiving increasing attention thanks to its high selectivity,
low side effects, lack of drug resistance and non-invasive nature.[1]
In this work, novel bidentate polypyridyl-type Ru(II) complexes have been synthesized as
photodynamic anticancer agents. Their common kinetic stabilities and rich photophysical and
electrochemical properties have also been investigated to address some of the main drawbacks
commonly exhibited by PSs, like water solubility, irradiation wavelength and dioxygen
dependence. [2,3]
The complexes have been structurally characterized by NMR, MS, IR, elemental analysis.
Moreover, the crystalline structure of plenty of them has also been resolved, and UV-Vis and
fluorescence spectra were also recorded. Their stability under physiological conditions have been
examined. Also, the interaction with DNA and cytotoxic behaviour have been evaluated for
defining its potential anticancerogenic activity.

Figure 3. Type
of polypyridyl-based
Ru(II) complexes
that complexes
will be prepared.
Ligands
L1work.
will be obtained by
Figure
1. General structures
of ruthenium
prepared
in this
functionalization (FG) of commercially available amino- or carboxylic-containing 2,2’-bipyridine and 1,10phenanthroline derivatives. Ligands L2 and L3 will be efficient ligands described in the literature in the area of PSs
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[1] L. Minhuan, Z. Shaojing, L. Weimin, L. Chun-Sing, Z. Wenjun, W. Pengfei. Adv. Healthcare

Commercially
available molecules like 2,2'-bipyridine-5-carboxylic acid, 5-amino-2,2'Mater, 2019, 1900132.
bipyridine,
1,10-phenanthrolin-5-amine
or Liao,
1,10-phenanthroline-5-carboxylic
acid
will be
used
[2] H. Chao,
Shi. K, L. Sun, X. Zhang, X.
T.W. Rees, l. Zeng, Y. Chen, X.
Zhang,
L. Ji.
Angew. Chem.
Int Ed. 2020,
59,(FG)
46, 20697-20703.
to introduce
functional
groups
of interest via coupling reaction (amide bond formation).
Hence,
of the carboxylic
group
of the L1 precursor
with a Applications.
molecule containing
[3] L. reaction
Lilge. Ruthenium
Complexes:
Photochemical
and Biomedical
2017, 6, an
117-137.
amine function, in the presence of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) and
N-hydroxysuccinimide (NHS) (which are typical reagents used in peptide synthesis; such
coupling reaction is commonly performed in our research group). Ligands L2 and L3 will be
carefully selected from the endless list of published polypyridyl ligands (see for example the
ligands depicted in Figures 1 and 2).
Ru(II) complexes of the type [Ru(L1)(L2) 2 ]2+ or [Ru(L1)(L3) 2 ]2+ can be obtained in two steps
by (i) reaction of 2 equivalents of L2 or L3 with Ru(DMSO) 4 Cl 2 under reflux in DMF and
1160
presence of excess LiCl, followed by (ii) the reaction of [Ru(L2) 2 Cl 2 ] (or [Ru(L3) 2 Cl 2 ]) with L1
in ethanol under reflux (Figure 4) (see for example experimental procedures in Wang & Zhang
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α-Synuclein (αSyn) is a presynaptic neuronal protein that is pathologically linked to the
development of a number of neurodegenerative diseases, among which stands out Parkinson’s
disease (PD). All these pathologies are characterized by the deposition of αSyn aggregates. 1
Although its physiological function is still under debate, recent studies suggest that its function is
intimately related to a fine-controlled interaction with bio membranes. Essentially, αSyn modulates
the vesicle pool size and its mobilization. On the other hand, some post-translational modifications
(PTMs) occurring in vivo on αSyn, such as glycation or oxidization, have been detected in both
soluble oligomers and αSyn aggregates.2 These PTMS notably modify the structural and
functional properties of Syn.
Advances in the knowledge of the molecular mechanisms underlying PD, claim a complete
understanding of the effect of PTMs on the aggregation propensity and lipid-binding affinity of
Syn. In this work, we have synthetized a homogeneous glycated αSyn through the attachment
of CEL moieties on its Lys, but also we have produced an oxidized αSyn that displays all its Met
oxidized to methionine sulfoxides. We have studied how these PTMs affected the fibrillization
process of αSyn. The obtained results reveal that CEL formation on Lys and Met oxidation
reduced the fibrillation propensity of αSyn, and that was not speeded up by the presence of metal
cation.

Figure 1. Structural conformation
corresponding to the averaged
ensembles of native aSyn.

Figure 2. Chemical modifications of aSyn
(glycation on the left, and oxidation on the right).

Additionally, we have applied different biophysical techniques to demonstrate that Lys-glycation
and Met-oxidation interfere on the affinity of αSyn to small unilamellar vesicles (mimicking
synaptic vesicles), and on its capacity to induce vesicle fusion, that is considered one of the most
important biological function displayed by αSyn.
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Simeprevir (SIM) is an antiviral agent that inhibits the viral NS3/4A protease and it is used
in chronic Hepatitis C virus therapy. It is orally administered and produces high virological cure
rates [1]. In addition, it has been reported that SIM is an especially promising drug for treating
COVID-19 because it potently reduces SARS-CoV-2 viral load by multiple orders of magnitude
[2]. Among the most commonly occurring adverse reactions is sun sensitivity; studies concerning
photosensitivity reactions have been reported [3]. In this context, a higher understanding of these
dermatologic events is necessary. Hence, a thorough photochemical and photobiological
mechanistic study has been carried out. As shown in Figure 1A SIM displayed a significant
absorption band in the UVA region, which is an active fraction of solar light able to produce
photosensitivity disorders.
Photo(geno)toxicity studies of SIM revealed photodamage to biomolecules such as lipids,
proteins, and DNA, leading ultimately to cell death. Cell viability was determined using 3T3 NRU
phototoxicity assay. In order to gain insight into the phototoxicity induced by SIM, photophysical
studies were carried out, combining transient absorption, and time-resolved luminescence
spectroscopy. Bearing in mind from cellular experiments that SIM promoted lipid
photoperoxidation, protein photooxidation, and 8-oxo-dG formation in DNA, the photogeneration
of singlet oxygen (1O2) by this drug should be expected. This species was detected by timeresolved measurements of the luminescence at 1270 nm in deuterated water; the quantum yield
resulted to be 0.56 (Figure 1B).
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Figure 1. A) Absorption spectrum of SIM. Inset: chemical structure of SIM. B) Normalized transient
absorption spectra (from 1 to 14 µs) for SIM in aerated PBS solution after the 355 nm laser
excitation. Inset: Kinetic traces for 1O2 signals after laser pulse (λexc = 355 nm) for SIM in
deuterated water (black). Tetramethyl-p-benzoquinone (DQ) in MeCN (magenta) was used as a
reference (ΦΔ ca. 0.89). C) 3T3 NRU phototoxicity assay. Dose-response curves for cell viability
of 3T3 cells treated with SIM in Dark (■) and UVA light conditions (5 J/cm2, □).
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Kinase inhibitors are drugs currently used for the treatment of different types of cancers,
i. e. lung, breast, brain or leukemia.[1] As part of this family of anticancer drugs, gefitinib (GFT)
inhibits the epidermal growth factor receptor (EGFR), more specifically HER2 kinase activity. This
drug was approved by the FDA in 2003 to treat patients with non-small cell lung cancer (NSCL).[2]
Upon ingestion, GFT is metabolized in two main products: O-desmethyl and Odesmorpholinopropyl gefitinib. Both the parent drug and its metabolites retain the quinazoline
moiety in their structure, which is believed to be the responsible of the photoinduced damage to
biomolecules such as DNA, proteins, lipids, etc. In this context, in previous reports it has been
shown that lapatinib, a TKI used for the treatment of breast and lung cancer, can induce
phototoxicity and photooxidation to proteins.[3,4]
A complete photophysical study has been performed on GFT and its main metabolites by
means of spectroscopic techniques: fluorescence and transient absorption.[5] Their photophysical
properties have been investigated in organic solvents of different polarities and in the presence
of transport proteins such as serum albumins (SAs) and α1-acid glycoproteins (AGs). In general,
the photoreactivity of GFT and its metabolites is strongly affected by the environment: polarity of
the organic solvent and protein media. In fact, locally excited states have been detected in nonpolar solvents and within the protein cavities, while intramolecular charge transfer states have
been observed in polar solvents. For proteins, an important fluorescence enhancement of both
the drug and its metabolites has been noticed, which may have implications in their
photosensitizing potential.
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Figure 1. A) Chemical structure of GFT and its main metabolites M1 and M2; the quinazoline
moiety is highlighted in blue. B) Fluorescence spectra (lexc = 340 nm) of GFT in MeCN (black),
1,4-dioxane (red), toluene (blue) and cyclohexane (green). C) Emission spectra of GFT (black),
M1 (red) and M2 (blue) within HSA after selective excitation of the drug and metabolites at 340
nm in aqueous solution.
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The study of complex molecular networks and supramolecular assemblies is a clear objective in
the field of systems chemistry [1], which is expected to have a great impact in the area of originsof-life research and as biohybrid functional systems in materials science [2,3]. With regards to
the origins of life, a pertinent question is whether protocells cells could be constructed from nonnatural components (Figure 1). To answer this question, we have research lines towards synthetic
nucleic acid hybrids, replicating nucleopeptide networks [4, 5] and nucleolipid compartments [6].
Merging these components is an interesting approach because it allows exploring some
properties of life without the restrictions of the historical pathway that Darwinian evolution took. In
this respect, in the talk I will present results on how self-assembly processes and replication
networks can be programmed with minimal nucleobase sequences in hybrid synthetic molecules
built from simple biological building blocks.

Figure 1. Schematic representation of a protocell construction, main objective of the field of
systems chemistry and origins of life research.
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An optimal understanding of the chemistry inside protocell cavities is essential to fully
understand abiogenesis, while at the same time will provide tools for the design of artificial
protocells, based on alternative chemistries, with functions (such as sensing or drug delivery)
programed within their chemical composition. In our lab we have been studying in detail selfassembly and reactivity in the cavity of lipid vesicles as models of protocell. Our studies have
demonstrated that both chemical reactivity and molecular self-assembly are strongly influenced
by confinement within the bounds of a lipid membrane. We have shown, on the one hand, that
hydrolysis reactions are suppressed for vesicle-confined molecules, while their condensation with
membrane-permeable building blocks is favoured.[1] On the other hand, we have shown that
confinement of one building block of a bi-component supramolecular polymer encourages the
protocell to incorporate the second building block, which is membrane permeable, whereupon
intra-protocell polymers are formed. These polymers are then stabilized by a confinement effect
that is akin to effective molarity for multivalent systems.[2] Overall, we show that the cavity of a
protocell becomes a focal point for the accumulation and assembly of complex chemical species,
once the initial building blocks have been incorporated. To use a macroscopic analogy, lipid
vesicles are like ship-in-a bottle constructs capable of directing the assembly of the confined ship
following the confinement of a few key wooden planks (Fig. 1). Therefore, we believe that this
confinement effect would have played an important role in shaping the increase of chemical
complexity within protocells during the first stages of abiogenesis. Additionally, we argue that this
effect can be exploited to design increasingly efficient functional devices based on comparatively
simple vesicles for applications in biosensing, nanoreactors and drug delivery vehicles

Fig. 1. Cartoon representation of a lipid vesicle as ship-in-a-bottle construct directing the assembly
of the ship after confinement of key planks
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One of the characteristic features of many solid tumor is that their fast growth leads to
deficient intratumoral vascularization, which results in low oxygen availability. This oxygen
deprived condition triggers a defensive response inside the cells, called hypoxic response.[1]
Nowadays, fluorescent probes have become indispensable tools for bioimaging
applications. In this case, hypoxia-sensitive fluorescent probes can be used to monitor the hypoxic
status of tumor cells via the detection of reductase (i.e. azoreductase, nitroreductase, CYP450
reductase).[2] In general, the fluorescent probes described are the so-called ON-OFF or OFF-ON
probes.[3] These probes have limitations because they only measure at single wavelength and
can be influenced by many factors, such as instrument efficiency and environmental conditions.
To overcome sensitivity, the term "radiometric" has been implemented in the design of fluorescent
sensors.[4]
In this work we present a new hypoxia-sensitive radiometric probe that consists of a system
containing the pyrene unit as donor and a BODIPY group as acceptor. These organic compounds,
present remarkable fluorescent properties, and excellent chemical and photophysical stabilities,
including large molar extinction coefficients, intense photoluminescence and narrow absorption
and emission bandwidths.
The optical and photophysical properties of all obtained compounds were studied by
absorption and fluorescence spectroscopies. Molecular orbitals and electronic transitions were
simulated by means of Density Functional Theory (DFT) methodologies and the obtained results
showed good accuracy with respect to the experimental values. (Figure 1)

Figure 1. Pyrene-BDP-Azo system before and after hypoxia condition and image of a solution before and
after reductive hypoxia-like conditions (λex 365nm)
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An undecamer oligonucleotide probe based on a pair of deoxythymidines flanked by
several modified nucleotides is a specific and highly efficient biosensor for micrococcal nuclease
(MNase),[1] an endonuclease produced by Staphylococcus aureus.[2] The interaction mode and
cleavage process on such oligonucleotide probes are identified and described for the first time.
Also, we designed truncated pentamer probes as the minimum-length substrates required for
specific and efficient biosensing. By means of computational (virtual docking) and experimental
(UPLC−MS and Maldi-TOF) techniques, we perform a sequence/structure−activity relationship
analysis, propose a catalytically active substrate−enzyme complex, and elucidate a novel twostep phosphodiester bond hydrolysis mechanism, identifying the cleavage sites and detecting and
quantifying the resulting probe fragments.
Our results unravel a picture of both the enzyme−biosensor complex and a two-step
cleavage/biosensing mechanism, key to the rational oligonucleotide design process.[3]

(Surface representation of the proposed molecular interaction between the probe and MNase of
S. aureus before hydrolysis and after hydrolysis of two subsequent phosphate groups)
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Iron is an essential element in biology, required for critical proteins within the mitochondrion,
including heme and Fe–Sulfur proteins (ISC) that are involved in electron transport and energy
production. However, a lack or excess of Fe is highly toxic due to its ability to generate free
radicals and organisms have developed mechanisms for balancing iron within safe limits [1].
Therefore, when iron homeostasis is altered, diseases such as Alzheimer, Parkinson or Friedreich
ataxia (FRDA) can occur [2]. In this project we focus on a protein related to the latter disease
named frataxin, whose decreased transcription is responsible for Friedreich ataxia.
Frataxin is a mitochondrial protein involved in iron metabolism. It is involved in five different
capacities: Iron chaperone, iron-storage protein, reparation aid, cellular oxidative stress controller
and energy conversion and oxidative phosphorylation help [3]. The absence or malfunction of this
protein produces iron accumulates in the mitochondria provokes fatal consequences in FRDA
patients. Interestingly, Frataxin is positioned as a Fe2+ carrier between two different iron
demanding metabolic pathways: ISC biosynthesis and Heme biosynthesis.
Our hypothesis is that Frataxin will act as Fe2+ homeostasis sensor and will mediate the specific
Fe2+ delivery depending on the availability of this element. Moreover, we hypothesize that an
increase in Prothoporphyrin IX (PPIX) could favor heme production by blocking the delivery of
iron to ISC biosynthesis. In order to corroborate this idea, we have characterize the Fe2+ binding
capacity of Frataxin by NMR.
The experiments done by NMR were iron titrations with Frataxin. Two interesting results were
obtained: a pocket that would explain the iron storage function of Frataxin and a possible
interaction between PPIX and ISC by means of Frataxin.
Our future work would be to include the Ferrochelatase and ISC to the experiments we have seen
so far to test our hypothesis and to improve the results obtained so far with other techniques and
experiments.
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Contrast agents based on Gd3+ are used in magnetic resonance imaging (MRI) due to their
high stability and relaxation efficiency, giving a great imaging contrast.[1] In recent years, research
has focused on the development of new contrast agents based on transition metal ions capable
of replacing gadolinium-based contrast agents.
Manganese high spin complexes were proposed as a potential alternative to gadolinium
contrast agents due their low toxicity.[2] Furthermore, the high spin d5 configuration of the Mn2+
and Fe3+ complexes produces a slow electronic relaxation that, combined with fast exchange
rates of water molecules directly coordinated with the metal ion, makes them able to compete
with the Gd3+ analogs.[3]

Figure 1. Speciation diagrams for the [Mn(L1)]2-, [Mn(L2)] and [Mn(PDTA)]2- complexes. [Mn2+]tot
= [L]tot = 10-3 M. Circles represent the relaxivities of these systems recorded at different pH values
(25 °C, 32 MHz).
This communication reports the synthesis and characterization of three rigidified analogues
of PDTA4- containing a 1,3 diaminecyclobutyl spacer, which are expected to form a six-membered
chelate ring analogous to that formed upon coordination of PDTA4-. The stability and relaxation
properties of these rigid complexes are compared with non-rigid [Mn(PDTA)]2- . A detailed
analysis of the parameters that control the relaxivities of the complexes was accomplished using
1
H NMR relaxometry at different magnetic field strengths and temperatures, as well as 17O NMR
relaxation and chemical shift measurements. The integrated analysis of this data was aided by
computational studies using DFT and wave function approaches. It has been observed that ligand
rigidification causes a significant increase in the stability of the Mn2+ complex compared with the
flexible [Mn(PDTA)]2- analogue, as reflected in the corresponding stability constants and pMn
values. A relaxometric study was also conducted for the Fe3+ analogues to assess the potential
of [Fe(PDTA)]- as a MRI contrast agent.
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Cancer remains one of the leading causes of death, and chemotherapy is usually part of
its treatment. Cisplatin is a chemotherapeutic agent widely used for its efficacy. However, it often
presents toxicity and acquired resistance, arguing for an urgent need for new drugs. Metal-based
compounds offer novel possibilities of unique mechanisms of action.[1]
Recently, ruthenium and osmium complexes have attracted attention as potential
anticancer agents. In particular, half-sandwich metal-arene complexes have shown high activity
and selectivity both in vivo and in vitro settings towards a variety of cancer cells, in some cases
comparable and even more active than cisplatin.[2] These complexes are also structurally
attractive since metal-based reactivity can be controlled by varying each of their basic
components to adapt the pharmacological properties of the drug, thus enhancing their biological
impact. To date the variations in the arene building block has been limited, due to the synthetic
difficulties involved in the preparation of their precursors. The arene building block could be a key
to enhance the anticancer character of this class of molecules.
Our aim is to design highly potent Ru(II) and Os(II) half-sandwich anticancer agents,
exploiting in particular the role of the arene group. The design of the latter will facilitate the
formation of tethered complexes, as it behaves as hemilabile, designed for metallodrug controlled
activation. In other words, the arene appears as a bidentate non-symmetric ligand, where one of
the binding groups is firmly attached to the metal centre (6-bound arene); and the other
coordinated group is weakly bound (-bound), therefore it can be easily dissociated.[3] In
consequence, the complex can be activated (ring-open) only in the tumour cell, in response to
different stimuli (e.g., pH or light) to interfere with the cancer cell machinery, causing its death.
To this end, we have employed a C(sp3)-C(sp2) coupling synthesis method,[4] which to
the best of our knowledge had never been used before to obtain arene precursors for this kind of
structure. The results show that this new methodology allows to diversify the arene ligand in a
simpler way than other conventional methods (e.g., Birch Reduction). We have obtained
structures like the one in Figure 1 (green jigsaw puzzle piece), where R varies from H to other
functionalities that allow the formation of tether rings, such as NH2 or OH.
This is a promising methodology since it helps add a great range of arene ligands
(hemilabile and non-hemilabile) to the metallodrug. Our methods will allow us to modulate the
impact of the arene in the biological activity of the drug. It will enable us to structurally adjust our
designs to improve the pharmacological properties and the efficacy of highly potent Ru- and Osbased drugs.

Figure 1. General structure of our tethered complexes.
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Cyclic peptides (CPs) bearing an even number of alternating D-,L-amino acids (aa) are
able to self-assembly into nanotubes (NTs), which properties can be determined by the sequence
of the CP.1 These inherent properties have been widely exploited for building supramolecular
structures with different applications.2 Although, it is known the relationship between self-sorting
and chirality,3 this has not been yet achieved with CPs based systems.
Based on the ability of CPs to form NTs where aa of the same chirality are aligned along the
nanotube, we hypothesized that two enantiomeric CPs, would be capable of self-associating
exclusively with themselves. Herein we study the self-assembling properties of different CPs in
order to select the best candidate for a self-sorted CP system.

Figure 1. Representation of NT (blue) and its enantiomer of inverse quirality (red) forming the
corresponding nanotubes strictly with themselves.
References
[1] M.R. Ghadiri, J.R. Granja, R.A. Milligan, D.E. McRee, N. Khazanovich, Nature 1993, 366, 324.
[2] Q. Song, Z. Cheng, M. Kariuki, S.C.L. Hall, S.K. Hill, J.Y. Rho, S. Perrier, Chem. Rev. 2021
121, 13936-13995.
[3] D. Gupta, R. Sasmal, A. Singh, J.P. Joseph, C. Miglani, S.S. Agasti, A. Pal, Nanoscale,
2020,12, 18692-18700

1171

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-637

SEMI-ARTIFICIAL NANOREACTORS WITH NAD(P)H OXIDASE-LIKE
ACTIVITY FOR NICOTINAMIDE COFACTOR REGENERATION
A. Rodriguez-Abetxuko,a A. Reifs,a D. Sanchez de Alcazar,b and A. Beloquib,c
a

CIC nanoGUNE, Basque Research and Technology Alliance (BRTA)

b

POLYMAT and Department of Applied Chemistry, University of the Basque Country
(UPV/EHU)
c

IKERBASQUE

e-mail: a.rodriguez@nanogune.eu
Keywords: hybrid chemoenzymatic nanomaterials, heterogeneous biocatalysis, oxidized
nicotinamide cofactor regeneration, NAD-dependent dehydrogenases

The arrangement of (bio)catalysts in spatially confined systems, mimicking the transformation of
metabolites in cells, is being currently explored for the design of efficient chemical reactions.
These nanoarchitectures seek for maximizing directional channeling, that may ameliorate the
overall catalytic activity and avoid mutual catalyst inactivation.[1,2] Our system is rooted in the
chemical decoration of glucose oxidase (GOx) enzyme, giving rise to heterogeneous
nanoreactors that display NADH oxidase (NOx)-like activity. Such hybrid systems, which we have
named NanoNOx, are based on the encapsulation of GOx by a porous nanogel decorated with
imidazole motifs. Then, an organometallic catalyst, i.e., hemin, is allocated and activated on the
nanogel surface, triggering the biomacromolecule assembly. With this distribution, NanoNOx are
all-in-one hybrid systems in which GOx supplies the required co-substrate, i.e., H2O2, to the hemin
catalyst in an efficient and controlled manner. This system has been shown to oxidize
nicotinamide adenine dinucleotide cofactors (NAD(P)H) and synthetic nicotinamide biomimetics
in presence of glucose, being more versatile than most NOx enzymes. Moreover, NanoNOx are
able to work finely in the presence of organic solvents. Finally, and very importantly, NanoNOx
have been successfully coupled to NAD-dependent dehydrogenase enzymes, demonstrating
their applicability in chemical synthesis (Figure 1).

Figure 1. NanoNOx have been successfully coupled with an alcohol dehydrogenase enzyme
from (Geo)bacillus stearothermophilus (BsADH) for the sustainable synthesis of chemicals.
BsADH is capable of transforming benzyl alcohol (BnOH) into benzaldehyde while reduces
stoichiometric amounts of NAD+. NanoNOx have been utilized for the concomitant NAD+
regeneration, necessary to lessen the amount of the costly cofactor and shift the reaction
equilibrium towards alcohol oxidation.
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Protein-protein interactions (PPI) are crucial in the living organisms, and usually are used
by virus to perform their actions into the host cells. Often, PPI are mediated through protein
domains, and the PDZ domain family is one of the most widespread binding modules in the human
genome. PDZ domains are mostly involved in cell signaling and cell-cell junctions. These domains
are able to recognize a wide variety of natural targets, and, among the PDZ partners, plenty of
viruses have been discovered to interact with their host via a PDZ domain. With such a set of
important and diverse interactions, PDZ binding specificity has been comprehensively studied,
and a traditional classification has grouped PDZ domains in three main specificity classes. In this
work, we have selected four human PDZ domains covering the three canonical specificity-class
binding modes, and a set of their corresponding binders, including host, viral and designed PDZ
motifs. By means of calorimetric techniques we have covered the whole set of cross interactions
between our selected PDZ domains and ligands. There is a somewhat basic specificity in each
PDZ domain, with two of the domains that bind their cognate and some non-cognate ligands, and
the two other domains that bind only their cognate partners. On the other hand, the host partners
mostly bind their corresponding PDZ domain, and, interestingly, the viral ligands are the most
promiscuous, they are able to bind most of the studied PDZ domains, even with those not
previously described. Thus, we can speculate that viruses may have evolved to use of the
plasticity of the PDZ fold that enables the binding of multiple targets, with affinities for the virushost interactions that are in some cases higher than for host-host interactions.
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STD NMR is a powerful ligand-based tool for screening small molecules and low molecular
weight fragments for their interaction with a given macromolecule, and it has become the
spectroscopic technique of choice for the study of medium/weak affinity protein-ligand
interactions. The binding and structural information gained by STD NMR is invaluable both in
understanding fundamental biological interactions and in the drug discovery sector. Recently,
powerful methods have been developed to extract a greater wealth of information from the STD
NMR experiment, including ligand binding epitope mappings,[1] dissociation constant[2] as well as
the mapping of binding site properties (pharmacophore information).[3,4]
To gain quantitative structural or affinity information from STD NMR experiments, long
series of experiments at increasing values of the saturation time of the protein must be carried
out, to get the full analysis of the so-called STD NMR build-up curve (initial slope approaches).[1]
Though accurate, that methodology involves long measuring times, which can be the bottleneck
of the whole study, particularly in those cases where the ligand’s STD NMR signals are of weak
intensities.
We have devised a suitable protocol that allows to get accurate initial slopes with very few
saturation time data points with enough sensitivity, and even to get a very good approximation to
quantitative data with just as few as two saturation times. In this presentation we explore the
feasibility of the approach on a number of benchmark protein-ligand systems.
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Complexes whose metallic center is Ru(II) have displayed less toxicity and higher activity
spectrum against cancer in comparison with Pt complexes. Within this type of complexes, those
with bipyridyl ligands are susceptible to be photoactivated, displaying antiproliferative activity
when are irradiated by a particular wavelength [1]. This interesting feature allows to control the
antitumor activity of the compounds. This communication presents the photoactivation and
biological studies of the complexes cis-[Ru(dcbpy)2(PTA)2]Cl2 (1) (dcbpy = 4,4dicarboxybipyridine) (PTA = 1,3,5-Triaza-7-phosphaadamantane) and previously published[2] Ru
complexes cis-[Ru(bpy)2(PTA)2]Cl2 (2), trans-[Ru(bpy)2(PTA)2](CF3SO3)2 (3) and cis[Ru(bpy)2(H2O)(PTA)](CF3SO3)2 (4) (bpy = 2,2’-bipyridine).
These compounds were evaluated against plasmid DNA (pKSII) under UV-Vis irradiation,
which showed how these complexes produce changes in plasmid mobility in electrophoretic gel.
The experimental data obtained shows that 4 is active both in the dark and under visible irradiation
while 1 and 3 are active against DNA only when are irradiated with visible light. The complex 2 is
inactive in any case. Complexes 3 and 4 are the most active and require aerobic conditions. In
addition, the study of the antiproliferative activity of the complexes against human lung carcinoma
cells have been studied, both in the dark and under UV-Vis radiation. The obtained results showed
how complex 1, which is largely soluble in water, is activated by visible radiation producing a
significant antiproliferative effect on the evaluated cells (IC50 = 11,08±8.33 µM).

Blue light for 1 hour

Compound (Concentration)
1 (20 uM)
1 (10uM)
1 (5uM)
2 (30uM)
3 (100uM)
4 (50uM)
4 (30uM)
4 (10uM)

H (%) n=2
2,29267884
1,53208243
1,55595577
1,23680684
4,37552354
2,51340258
3,25012565
3,15965823

Table 1: Data obtained from the hemolysis assays
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Cyclic pseudooligosaccharides incorporating ’-trehalose subunits connected by
thiourea bridges, called cyclotrehalans (CTs), were initially conceived as analogs of cyclodextrins
(CDs) featuring an opposite orientation of the α and β faces of the constitutive glucopyranose
subunits, so that the H-2 and H-4 methine protons, instead of H-3 and H-5, are pointing towards
the inside of the macroring cavity. Their structural and molecular inclusion properties were
extensively investigated[1]. Differently from CDs, the preparation of CTs is compatible with
convergent strategies enabling independent elaboration of the disaccharide building blocks,
which has been recently exploited for the engineering of polycationic Janus-, star- and Mickey
Mouse-type prototypes for the purpose of gene delivery.[2] We anticipated that other carbohydrate
moieties of appropriate shape and size could also fit in the macrocyclic architecture, offering
further opportunities for customization of the supramolecular properties. Sucrose seemed
particularly appealing. Jarosz and coworkers[3] have already reported the synthesis of dimeric
thioreido-sucrose macrocycles capable of anion binding, but the asymmetrical character of the
sucrose molecule makes it difficult controlling the macrocyclization step. This problem would be
ruled out when combining sucrose and ’-trehalose.
Herein we report the synthesis of the first representatives of the cyclosucrotrehalans: hybrid
cyclooligosaccharides based on trehalose and sucrose subunits. Preliminary studies of their
gliconanocavity topologies, conformational flexibility and inclusion capabilities by molecular
modelling and NMR experiments will be presented.
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The so-called alkylphospholipids (APLs) are a family of structural related synthetic
compounds that displays antitumor activity. The ether lipid edelfosine has been the most studied
compound of this class, being considered the prototype of these antitumor agents (see Figure). It
has been proved that edelfosine is capable of inducing apoptosis in solid and hematological
tumors through a mechanism that involves lipid rafts and endoplasmic reticulum.[1-3]
Lipid rafts are membrane microdomains enriched in sphingolipids and cholesterol. This
confers special properties to these domains making them a proper site for signaling processes in
the membrane, mostly those involved in cell survival and apoptosis.[2,4]
In this work, we report the synthesis and biological evaluation of some hydroxyderivatives
of edelfosine (1, 2 and 3) changing the position of the hydroxy group in the hydrophobic alkyl
chain of edelfosine (see Figure).
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In order to develop new anticancer treatments, PD-L1 (Programmed Death Ligand-1) and
VEGFR-2 (Vascular Endothelial Growth Factor Receptor-2) have become two relevant targets
due to their importance in disturbing the tumor microenvironment: PD-L1 is involved in the
immune cells action mechanisms in order to destroy cancer cells and VEGFR-2 is responsible for
the formation of new vascular vessels that gives the tumor the nutrients to grow. [1][2] According
to preliminary docking studies, small molecules containing a tetrazole moiety in their structures
could establish interactions in the active center of PD-L1. Besides, previous studies have shown
that the oncogenic transcription factor c-Myc act as a master regulator for multitude oncoproteins,
including VEGFR-2 and PD-L1. [3] As a consequence, a group of small tetrazole derivatives
(structure depicted in Figure 1) have been designed, synthetized and characterized through NMR,
MS and IR. After this, it has been tested these derivatives in different cancer cell lines (HT-29, A549 and MCF-7). Specifically, it has been determined its cellular viability in all three cell lines and
the interaction with the biological targets PD-L1, VEGFR-2 and c-Myc. Results have shown
promising inhibitory capacity for some derivatives in the targets.

Figura 1. General structure of the synthesized tetrazoles.
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Nicotinamide phosphoribosyltransferase (NAMPT) is the rate-limiting enzyme for
nicotinamide dinucleotide (NAD) production from nicotinamide and is frequently up-regulated in
cancer where it contributes to cancer cell metabolism. Cancer cells are highly dependent on
NAMPT activity for proliferation and therefore, this enzyme represents an interesting target for
the development of anti-cancer drugs.[1] Several compounds such as FK866 and CHS828 were
identified as potent NAMPT inhibitors with strong anti-cancer activity, although none of them fully
fulfilled all phases of clinical studies.[2]
We present herein the preparation of a chemical library of new inhibitors that incorporate a
furan-tail moiety. Antiproliferative assays towards pancreatic and haematological tumor cell lines
have allowed the identification of a picomolar cytotoxic compound. NAD+ depletion experiments
were in line with the NAMPT inhibitory properties of these compounds. Finally, in vivo tests of
two selected derivatives were performed in a xenograft mouse model of human acute myeloid
leukemia and will be also presented.
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Cleavable linkers are designed to release the drug within or in the vicinity of the tumour cells upon
a trigger stimulus. In recent years, there have been multiple reports of self-immolative cleavable
linkers able to self-degrade in a spontaneous and irreversible manner through a cascadeelimination process. In general, this process is driven by an entropy increase and the formation
of thermodynamically stable products and the control of the drug release is achieved by a stimulus
such as an enzymatic cleavage of the linker that activates the self-immolative process. [1]
We have designed and synthesized a new self-immolative bioorthogonal conditionally cleavable
linker based on the Grob fragmentation that allowed the controlled release of sulfonate-containing
compounds such as a dansyl group under physiological conditions. We have also tuned
conveniently the pKa of the pushing group (amino group) using different substituents, leading to
more efficient conversions at physiological pH and in some cases even at acidic pH, which is
normally found in tumour environments. In addition, the Grob fragmentation takes place under
physiological conditions in living cells, demonstrating the potential bioorthogonal applicability of
the reaction. Based on these promising results, research is currently underway to incorporate this
type of linker into antibody−drug conjugates for the targeted delivery of cytotoxic drugs and
fluorophores. [2]

References
[1] X. Yang, Z. Pan, M.R. Choudhury, Z. Yuan, A. Anifowose, B. Yu, W. Wang, B. Wang. Med.
Res. Rev. 2020, 40, 2682−2713.
[2] X. Ferhati#, M. Salas-Cubero#, P. Garrido, J. García-Sanmartín, A. Guerreiro, A. Avenoza,
J.H. Busto, J.M. Peregrina, A. Martínez, E. Jiménez-Moreno, G.J.L. Bernardes, F. Corzana. Org.
Lett. 2021, 23, 8580-8584.

1180

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-646

SYNTHESIS OF AZO-BASED BENZOPYRAZINES AS NIR-HYPOXIA
SENSORS
A, Jaafar a and M, Ribagorda a,b
a

Universidad Autónoma de Madrid

b

Institute for Advanced Research in Chemical Sciences (IAdChem)
e-mail: aida.jaafar@uam.es

Keywords: Azo compound, benzopyrazine, NIR fluorophore, hypoxia.
Hypoxia is a condition associated with the reduction of molecular oxygen in tissues or cells, been
a common feature in solid tumors. In this way, detection of hypoxia is a key factor for the
identification of malignant solid tumors. The reduction of oxygen partial pressure causes changes
in genetic expression, such as overexpression of reductase enzymes.
Design of new sensors dependent on these reductase-type enzymes is an interesting tool for the
detection of hypoxic level.[1]
Near-Infrared fluorescence imaging penetrates deeper in tissues, has higher resolution and lower
tissue fluorescence than the visible in vivo imaging.[2]
Azo compounds can be employed as fluorescence inhibitors when are located close to
fluorophores due to the photoisomerization process of the N=N double bond or FRET processes.
This feature in combination with the ability to recover the fluorescence in a reducing medium due
to the cleavage of the N=N bond, make azo compounds excellent candidates in bio-imaging.[3]
The aim of this project is the design and synthesis of a new family of azo compounds as
fluorescence inhibitors. The main structure of these azo compounds are quinoxaline derivates
acting as a NIR fluorophore linked to an azo group. A detail study of their photophysical properties
before and after the azo reductive conditions will be also detailed. The synthesis of these
compounds generates interest for the in vivo detection of hypoxia, thanks to their application as
NIR-fluorescent probes using bio-imaging techniques.[4]
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Alzheimer’s disease and other neurodegenerative diseases show several neuronal dysfunctions:
peptide accumulation and aggregation, modification in neurotransmission and cell-membrane
receptors as well as Ca2+ homeostasis. [1] These factors collaborate all together to generate
excitotoxicity and cell death. A rational approach to the chemotherapy of these diseases consists
in the development of multitarget drugs, capable of regulating the pathological routes involved. In
this work, a new synthetic methodology has been developed, allowing a fast and economic
procedure to access the chiral 1,3-cyclohexadien-1-als backbone (Scheme 1).[2,3] The biological
evaluation of these compounds proved the high influence of the double unsaturated aldehyde
scaffold in the neuroprotective activity against oxidative stress through Nrf2 induction. The best
Nrf2-inductors and neuroprotection are shown by compounds substituted with 3-bromophenyl and
phenyl groups. In summary, herein a new horizon to diversity-oriented synthesis has been
opened, where the preliminary biological evaluation of the structural influences in Nrf2 induction
and neuroprotection [4] shows promising antioxidant and neuroprotective agents.

Scheme 1: Methodology for the obtention of chiral 1,3-cyclohexadien-1-als with biological
activity.
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Cancer is a disease with one of the highest mortality rates in the first world countries and
its treatment today is still invasive and often ineffective. To overcome these limitations, new
treatment strategies are being developed, such as immunotherapy; the patient's immune system
recognizes and eliminates tumor cells with high specificity and effectiveness. Moreover, the early
detection of cancer is essential for effective treatment. However, the development of
immunotherapy and these diagnostic tools requires the study of new biomarkers, as in the case
of the MUC1 mucin. In cancer cells, unlike in healthy cells, alterations occur in its glycosylation,
exposing different antigens that can trigger an immune response, such as the Tn antigen
(GalNAc-α-O-Ser/Thr). Thus, the Tn antigen has been incorporated in peptides and used both to
generate therapeutic vaccines against cancer and for its early detection. However, the therapeutic
use of O-glycopeptides is sometimes limited since they are easily hydrolyzed in biological
systems. Therefore, different mimetics of the Tn antigen are being developed, including those
that involve changes in the O-glycosidic bond [1].
In this work, the oxygen atom of this bond has been replaced by a sulfur or selenium atom
(Figure 1). These Tn antigen mimetics have been incorporated at position 16 of the MUC1 tandem
repeat peptide sequence (HGVTSAPDTRPAPGST16APPA) using SPPS (Solid-Phase Peptide
Synthesis) methodology, replacing the natural Tn antigen [2]. A SN2-type bimolecular nucleophilic
substitution on the corresponding protected β-haloamino acid was the key step to obtain S- or
Se-mimetics of the Tn antigen, using GalNAc-α-SH and a base or diselenide (GalNAc-α-Se)2 and
NaBH4 as nucleophiles, respectively. Affinities (KD) of all glycopeptides incorporating unnatural
Tn mimetics to different anti-MUC1 antibodies were determined experimentally by ELISA tests
and/or Surface Plasmon Resonance (SPR) experiments. The results obtained were explained in
base of the conformational preferences deduced from NMR experiments combined to MD
simulations. The best surrogates in terms of affinity will be the selected candidates to develop
cancer therapy approaches in the future.

Figure 1: Structures of the different Tn antigens (naturals and unnatural mimetics) synthesized.
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Cancer has become a common disease but it is still a mystery that has disturbed
researchers for decades. Novel strategies of chemotherapy have been developed to fight against
it. However, the main problem with antineoplastic drugs is their lack of selectivity. Since the drug
as designed is toxic both to the tumour and healthy cells, usually by targeting cells during the
reproductive phase, this effect can damage cancerous tissues but also cancels the regeneration
of the healthy tissues by producing side effects in the body like vomiting, diziness, hair loss or
lack of nail growth .Consequently, it is important to develop new drugs that target directly cancer
cells.
In the present project, it is proposed to take advantage of the fact that tumour cells present
very small concentration of oxygen, less than 1%. This fact is due to the rapid growth of tumour
cells that cannot be followed by the effective growth of capillaries, so that cancer cells do not
receive enough oxygen to maintain the original phosphorylative oxidation, and they use a
metabolism based on glycolysis. This change affects the environment in which the tumour cell
develops, since now the generation of lactic acid decreases the pH of the medium, new carbonic
anhydrases appear, and a reducing medium is generally generated in which the amount of
glutathione is generally high.
These changes in cellular metabolism can be exploited to find drugs that act selectively on
tumour cells,[1] drugs that only show their high toxicity in reducing environments, in which
glutathione produces the structural changes necessary to activate the drug.
The proposal of this project is to attach drugs whose antineoplastic activity is well
recognized to protecting groups such as disulfide bonds [2] and nitro groups which under hypoxic
conditions allow the drug to be released and show its lethal activity against the cancer cell, while
keeping the normal cell in good condition.

Figure 1. Strategies to target cancer cells.
[1] X. Zhang, X. Li, Q. You, X. Zhang, Eur. J. Med. Chem. 2017, 139, 542-56.
[2] Q. Wang, J. Guan, J. Wan, Z. Li, RSC Adv. 2020, 10, 24397-24409.
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Cancer is a disease that begins when a cell avoids the main regulatory mechanisms of the cell
cycle and begins to proliferate uncontrollably. It can occur in any kind of tissue, although each
type of cancer has its own characteristics, what makes it difficult to find a common treatment for
all of them. However, the basic processes that lead to different types of cancers are very similar.1
Currently, cancer is one of the leading causes of death worldwide, so the search for new therapies
is essential.2 In this sense, CD44 is a glycoprotein whose increased expression confers resistance
to cancer treatments. Its ligand is hyaluronic acid (HA) and after the union, signaling cascades
are activated, what contributes to increase cell proliferation, migration and tissue invasion.3
Tetrahydroisoquinoline (THIQ) derivatives have been described as molecules with the potential
to inhibit the binding between CD44 and HA, since it seems to be able to bind to a small inducible
pocket adjacent to the HA binding groove, preventing the binding of HA by steric exclusion. In this
regard, several THIQ derivatives have been published as potential antitumor agents.4 Thus,
taking as prototypes the tetrahydroisoquinoline compounds described as inhibitors of HA-CD44
binding, our research group has developed a new family of derivatives 1 with interesting
antiproliferative activities where the tetrahydroisoquinole ring is tethered to a benzenesulfonate
group. In addition, the influence of nitrogen substitution has been evaluated by the introduction
of a benzyl moiety with electron-donating and electron-withdrawing groups.
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Bioorthogonal chemistry comprises a whole set of chemical reactions compatible with the
biological components of a living being and that, therefore, can be carried out in the presence or
inside living cells. The potential of these reactions to intervene in the metabolism of living beings
and develop biomedical applications has made the invention of new bioorthogonal processes a
great challenge for modern chemistry.[1] The introduction of tetrazines and their transformations
through Diels-Alder/retro Diels-Alder reactions has opened a new avenue within biorthogonal
chemistry.[2] However, significant challenges remain regarding the synthesis of tetrazine
derivatives adapted to the labeling of biological molecules.
In this communication we present a new synthesis of vinyl tetrazine derivatives and their behavior
as Michael acceptors for the labeling of biological molecules. The synthesis proceeds through
derivatives of 2-aminoethyltetrazine, which, upon oxidation with 3-chloroperoxybenzoic acid,
experience an instantaneous Cope elimination to afford the vinyl-tetrazine derivative (Figure 1).
The synthesis of the aminoethyl-s-tetrazine intermediates (3), free of any transition metal
participation, was attained by a Pinner synthesis under organic catalysis with N-acetylcysteíne
(NAC) followed by air oxidation. The reaction conditions have been studied and optimized to
circumvent the formation of other heterocyclic byproducts. The formation and purification of the
elusive divinyl-s-tetrazine (4) through a tandem N-oxidation/Cope elimination is discussed.
In accordance with the intrinsic electron-deficiency of the tetrazine ring, compound 4 reacts
quickly as a Michael acceptor towards nitrogen- and sulfur-based nucleophiles at room
temperature, so proving its potential for easily incorporate into bioactive molecules or residues.

Figure 1. Synthesis and Michael acceptor behavior of 3,6-diviniltetrazine.
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Selenium plays a crucial role in different biological processes, being necessary for the
proper functioning of the human body. Therefore, selenium compounds have become molecules
of great interest due to their antiviral and anticancer activities and their use as natural food
supplements.
Selenocysteine (Sec) is the 21st genetically encoded amino acid and plays an important
role in protein folding and stability, conferring interesting redox properties. In addition, protected
selenocysteine derivatives are used as precursors of dehydroalanine, which allows the
introduction of various post-translational modifications. On the other hand, some aryl derivatives
of Se serve as chemical models for the inhibition of selenoenzymes, which has implications for
cancer therapy. Beyond applications in bioconjugation, selenoamino acids are especially relevant
in Native Chemical Ligation (NCL).[1]
Although the nucleophilic substitution reaction has been widely employed for the synthesis
of these Sec derivatives, 1,4-conjugate addition has been less explored, especially the
stereoselective 1,4-conjugate addition of Se-nucleophiles to chiral Michael acceptors. Therefore,
in this work, we aim to extend the methodology established by our research group [2] to the
synthesis of enantiomerically pure selenoamino acids. The key step of such synthesis is the attack
of different Se-nucleophiles to a chiral dehydroalanine, to obtain a single diastereoisomer. The
methodology is simple and does not require the use of any catalyst, providing excellent yields at
room temperature. Subsequent facile acid hydrolysis of the above diastereoisomers leads to the
corresponding selenoamino acids.[3]
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Bioorthogonal chemistry refers to any chemical reaction that takes place within living systems
without interfering with other native biochemical process. In this context, our group has been
involved in the “on demand” development of non-natural, metal-promoted reactions that take
place in the hostile atmosphere of a cellular environment.[1]
A key factor to consider in the study of bioorthogonal metal catalysis is the localization of the
process. Our group has successfully prepared a ruthenium complex that accumulates in
mitochondria, one of the most important organelles of the cell, promoting uncaging reactions in
this compartment.[2] However, targeting metal complexes to other organelles is a challenging
task that remains to be addressed.
Herein we present the synthesis of tailored metal complexes featuring ruthenium and palladium
conceived to perform designed reactions in different cell organelles, such as the Endoplasmic
Reticulum or the Golgi Apparatus. The targeting is possible because the metal ligands have been
derivatized with molecular tags that recognize specific receptors or structural features present in
the organelles.[3] We demonstrate that such organelle-localized reactions can be carried out in
live mammalian cells.
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Facilitated anion transport is a blossoming topic in supramolecular chemistry.[1] Due to the
crucial role played by anions such as chloride or bicarbonate in many biological processes, the
development of anionophores, i.e., molecules capable of translocating anions across lipid
membranes, has become an attractive area of research.[2] Over the past few years, several
examples of synthetic neutral receptors behaving as anion carriers have been described in the
literature.[1,2] The design of these systems is usually based on the combined action of multiple
hydrogen-bonding interactions. Particularly, compounds containing polarised N–H fragments, like
amides, pyrroles, ureas, thioureas and squaramides, have been used as transmembrane anion
transporters. The superiority of squaramides over ureas and thioureas as hydrogen-bond donors
(higher acidity, better convergence of the N–H fragments with anions) makes this family of
compounds more appropriate for anion binding,[3] hence their increasing application in anion
recognition and as anionophores (Figure 1).

Figure 1. Transmembrane anion transport by a squaramide-like compound in POPC vesicles.
Herein we present eight novel squaramide-like systems bearing aliphatic and/or aromatic
residues containing electron-withdrawing groups (–CF3, –SF5) and/or additional hydrogen-bond
donor fragments (N–H). The stability of their chloride adducts in solution, and their properties as
transmembrane anion transporters in POPC vesicles, have been explored. Regarding the latter,
ISE (ion-selective electrode) experiments have allowed to determine the EC50 values for the active
compounds, both for the Cl–/NO3– and Cl–/HCO3– exchange assays, whereas the ability of these
derivatives to dissipate pH gradients was studied by the HPTS-based experiment. The most
active compounds of this family are those bearing an electron-deficient aromatic system and an
indol-7-yl fragment, provided that they are directly linked to the squaramide core.
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CD47 is a glycoprotein expressed on the surface of cells. Its interaction with signalregulating protein alpha (SIRPα) of dendritic cells (DC), macrophages, and T cells induces an
antiphagocytic signal, resulting in the prevention of phagocytosis of normal, healthy cells.[1] This
mechanism is not only exploited by certain tumours to escape immune surveillance, but some
pathogens, such as the SARS-CoV-2 coronavirus or Mycobacterium tuberculosis, induce CD47
overexpression.[2] Since the activation of CD47 expression is not related to the specific interaction
of the pathogen with the host cell, CD47 might be used as a therapeutic target to treat a wide
range of infectious agents. In fact, the use of compounds with anti-CD47 activity during viral
infection has been shown to promote immunity and induce faster virus clearance.[3]
The main objective of this project is to discover new peptides protease resistant with high
affinity for the CD47 or SIRPa proteins, so as to inhibit the interaction between the two. The
discovered peptides will be evaluated in vitro to study their activity. Two main strategies have
been used to obtain the new peptides, namely, optimization of a CD47 sequence and the use of
one-bead-one-compound (OBOC) libraries.

Figure 1. Schematic representation of the research strategy.
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S-acylation is a known dynamic posttranslational modification (PTM) in which a fatty acid
moiety gets attached to a protein through the formation of a thioester bond with a cysteine residue.
This protein lipidation event plays a key role in the regulation of a myriad of cell processes
comprising signaling and protein trafficking among others. Moreover, dysregulations in Sacylation have been observed to be strongly linked to several diseases such as cancers [1]. Thus,
the development of novel methodologies that could shed light about this modification could be of
great interest so as to design new therapeutic strategies.
Previously, a method that allowed the elucidation of lipid patterns present in S-acylated
proteins by mass spectroscopy techniques was assessed [2]. Unfortunately, one of the major
inconveniences of this approach was the inability to detect the lipidation of endogenous proteins
within cells.
In order to overcome these limitations, we have recently designed, synthesized and
characterized new hydroxylamine derivatives that endow more sensitivity towards the mass
detection, as well as preserve their capability of cleaving thioester bonds.
At the moment, different assays are being conducted so as to find the optimal conditions
for the thioester cleavage reaction in presence of the abovementioned derivatives. Then, by using
them the sensitivity enhancement of the method could enable the study of lipidation patterns of
endogenous proteins.
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Biological chemistry allows to understand the cellular and molecular mechanisms related
to biological functions, essential for the treatment of many diseases. Furthermore, being able to
manipulate, monitor and transform cellular behavior is key to the development of modern
medicine. However, interfering with cellular functions is not a trivial task and requires the
development of new tools to carry out the transformations designed under the complex
environment of biological systems. The chemical transformation of exogenous and endogenous
substances within living beings requires bioorthogonality and selectivity. A way to carry these kind
of transformations could be based on the non-use of photochemically induced reactions,
promoted by visible light. The combination of photochemistry and bioorthogonal methods opens
the way to photobioorthogonal chemistry, a novel field of research that is still in its infancy.
Experimental work in this project consisted of a study of different photoinduced reactions
in aqueous medium in the presence of biological solvents. The intermolecular processes studied
included the formation of C-C and C-heteroatom bonds to obtain interesting structures such as
phenanthrenes, benzothiophenes and coumarins.
First, the synthesis of phenanthrenes[1] was studied under the conditions shown below.
Other experimental work consisted in optimizing the reaction conditions, mixing the ruthenium
complex in PBS with different techniques such as slow addition methods. Likewise, the levouse
reaction was carried out in different biological media and even in the presence of HeLa cells.
O

N2+BF4O

[Ru(bpy)3](PF6)2

OMe

OMe

LED 492 nm
deox. PBS
Ar atm., r.t.

On the other hand, the photocatalyzed synthesis of benzothiophenes[2] was explored, as shown
below. In this case, the studies consisted of comparing different reaction conditions to explore the
viability of the process in aqueous media, which is a first step for achieve bioorthogonality.
N2+BF4-

5 mol% photocatalyst
+

MeO

S

LED 530 nm
reaction media
inhert atm.,14 h, r.t.

S

MeO

Finally, in relation to the synthesis of coumarins [3], the scheme below shows the reaction
conditions used. In this case, the use of different reaction conditions (different photocatalysts in
different reaction media) was explored. Unfortunately, no combination allowed isolation of the
product.
N2BF4

Ph
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Ph
N
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+
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O
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irradiation

OMe
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Over the last few years, 3D printing technology has become a subject of great interest in medicine,
being considered one of the most promising technologies able to revolutionize health care. Major
advantages are relating to the ability to customize device, which leads to better patients’
outcomes, improved surgical efficiency, and possibility of globalization. Medical 3D printing
applications include: tissue and organ fabrication, prosthetics, implants and anatomical models;
surgical templates or guides and tools. The manufacturing of surgical planning tools using Fused
Filament Fabrication (FFF), a cost-effective and versatile 3D printing technology, would allow its
implementation at in-hospital protocols, with the consequent time and cost saving, and increased
reliability during surgery. However, despite recent significant medical breakthrough involving 3D
printing, notable scientific and regulatory challenges remain unmet and undefined, in particular,
concerning the availability of materials to provide devices able to reach the quality, safety and
efficacy standards required in medicine [1][2].
Therefore, we report the development of a series of high-performance new polymeric materials
for 4D printing technology, as well as optimized FFF printing processes, which will provide
solutions for the manufacturing of surgical planning tools, through: 1) developing a series of
materials with mechanical and morphological properties that better mimic human tissues; 2)
developing a series of biocompatible materials with thermal, chemical and dimensional stability
under sterilization conditions in order to be implemented as surgical tools; and 3) optimizing 3D
design, printing parameters and material post-treatment to get the final personalized devices.
Melting point PLA/TPU blands
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Figure 1. Stability of surgical tools to sterilization
processes

PLA 20/TPU 80 PLA50/TPU50 PLA60/TPU40 PLA70/TPU30

TPU

Figure 2. Melting point of several PLA/TPU blends

Shape-memory polymers (SMPs) based on Polylactic Acid (PLA) and Thermoplastic
Polyurethane (TPU) formulations were developed by lab-scale extrusion processes. Different
polymer additive formulations, through evaluating the type of additive (including graphene
derivatives), the additive concentration and processing parameters (melting temperatures,
thermal stabilities, time of mixture, etc.) were assessed. As a result, some novel materials were
characterized by using various types of microscopies, spectroscopies and dynamical mechanical
analysis. Subsequently, optimized SMPs were processed using 3D printing technology (FFF),
and different parameter ranges (temperatures, speeds, bridges, angles, infill, adherence to
different types of surfaces, shrinkage behaviour, etc.) were assessed and optimized. Finally,
surgical tools were tested aimed to biocompatibility (cytotoxicity, cell death, genotoxicity, oxidative
stress, etc.,) following sterilization processes.
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The major drawback of nanoparticles (NPs) as therapeutics agents is their rapid systemic
clearance from the bloodstream by the immune cells, limiting the effective in vivo targeting of
specific cells and tissues. Nanoformulations based on biomimetic materials implement surface
properties from natural structures derived from viruses, bacteria or mammalian cells. This
technology offers a versatile tool able to recreate cell-specific functions, such as prolonged
systemic blood circulation, tissue-specific homotypic targeting, and the capability to avoid immune
system clearance. By exploiting the natural functionalities of source cell membranes, such
biomimetic nanosystems allow the development of novel classes of versatile drug delivery carriers
for potential applications in the treatment of different diseases such as cancer or ischemic
stroke.[1][2]
Herein, plasma membrane of different cell lines (such as platelets or cancer cells) has been
extracted and used to prepare biomimetic cell-derived nanovesicles (cellsomes) of ~150 nm in
diameter. The synthesis and characterization of a library of different cellsomes have been
designed and studied. Cellsomes were then loaded with diverse payloads (proteins, drugs, or
NPs) to investigate the cargo delivery inside cells and the cargo stability during and after cell
uptake (Figure 1). We demonstrate that cellsomes show biocompatibility, homotypic targeting
features, and that two different types of cargos remain stable and active when released inside
cells. Recombinant tissue plasminogen activator (rtPA, a FDA approved drug treatment for
patients with acute ischemic stroke) was one the protein-like cargo studied.[3] Plateled derived
cellsomes used as nanocarriers, protect the rtPA from inactivation and improve its blood
circulating time, overcoming problems associated with the classic i.v. administration. Moreover,
metal organic framework (MOF) NPs were also coated with cancer-cell derived cellsomes and
their interactions with tumoral and non-tumoral cells investigated.

Figure 1. Schematic representation of cellsomes synthesis, cargo loading and releasing inside
cells.
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Two-dimensional (2D) materials have been ground-breaking in nanoscience due to their
novel properties arising from their few-layered regime. Within 2D materials, the 2D-pnictogens
(P, As, Sb, Bi) are very promising as a result of their unique electronic, magnetic and catalytic
properties, among others.[1] Antimonene (AM) is a novel 2D monoatomic allotrope of antimony
that shows a buckled honeycomb structure, with outstanding physical properties such as tuneable
bandgap, high stability under ambient conditions, semiconductor–metal transitions or great
photothermal conversion efficiency.[2, 3] Moreover, AM exhibits promising applications in
biomedicine, and more specifically in biosensing, photothermal therapy and theragnostics.
However, so far most of the studied AM materials exhibit poor quality in terms of
morphology homogeneity, surface oxidation and particle size distribution, and they are difficult to
obtain in large amounts. Interestingly, a new bottom-up protocol for the synthesis of high-quality
AM hexagons based on colloidal chemistry has been recently reported.[4] In addition, this protocol
can be optimized and scaled-up, as recently demonstrated by our group.[5] To date, all studies
regarding the biological performance of AM have been carried out using coated AM-based
materials to increase its biocompatibility.[1] Nevertheless, the cytotoxic effects and the fate of bare
AM within biological environments is poorly studied and never carried out for the novel AM
hexagons, precluding the development of scalable biomedical applications.
Herein, we show the first comparative results about AM bare nanomaterials cytotoxicity in
6 different cell lines, and the toxic mechanisms that it produces. Moreover, we performed the first
study of the chemical evolution of the AM in biological conditions, which will allow to relate the
changes suffered by the AM in those conditions with the cytotoxic effects observed. From our
perspective, this work will pave the way for the rational functionalization of AM, to enhance its
biomedical performance in cancer treatment such as photothermal therapy or as drug delivery
vehicles.[1]
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Perylenediimes (PDIs) are very interesting compounds due to their outstanding electrooptical
properties, high fluorescence quantum yields, and huge versatility in their synthetic chemistry[1].
Although PDIs are mainly used in optoelectronic applications[2], the number of biological studies
using PDIs has been growing in the last few years[3].
Here, we report on the synthesis and biological studies of two new families of PDIs as
phototherapeutic agents. (Figure 1). Thus, we have prepared water-soluble PDIs based on
imidazolium salts as photosensitizes to generate singlet oxygen (1O2), which plays a key role in
photodynamic therapy. Internalization and cytotoxicity assays were carried out in HeLa and SHSY5Y human neuroblastoma cells lines.[4] On the other hand, taking advantage of the medicinal
potential of some metals, we have synthesized new PDIs linked to silver and copper complexes
to study their behavior as metallodrugs. Biological assays were also carried out in HeLa cells line.
[4]

Figure 1: a) Imidazolium-PDI, b) [AgPy2(PPh3)]-PDI
This research was supported by the European Regional Development Fund “A way to make
Europe” and the Spanish Ministerio de Ciencia e Innovación/Agencia Estatal de Investigación
(PID2019-109200GB-I00 and RED2018-102471-T).
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Carbon nanomaterials, such as fullerenes, carbon nanotubes (CNTs), graphene, and
carbon nano-onions (CNOs) have been widely investigated for their interesting properties in
different chemical, physical and biological fields. After the first discovery in 1992, CNOs recently
returned under the lens of researcher interest, because of the great development of carbon
nanomaterials chemistry.[1] Thanks to their multilayer fullerene-like structure, CNOs can be
chemically functionalized on the surface, maintaining intact the inner crystallinity and properties.[2]
Also, thanks to their synthetic methodology, CNOs represent a more homogeneous and
controllable material in comparison to graphene and CNTs, that could lead to several end-use
applications of carbon nanomaterials, from energy storage, to solid lubricant or biomedical
applicatoin as, in example, cellular imaging among others.[3] Despite the great knowledge about
chemistry of carbon nanomaterials, CNOs still present wide field for investigation, starting from
their pre-treatment to obtain pure and clean material, to enhance their reaction’s yields and
dispersibility. Through our investigation, we developed a new approach to CNOs purification,
extensive characterization, and functionalization, allowing applications that requires reproducible
properties, such as nanomedicine. The center of this presentation will be the biomedical employ
of CNOs, exploring pristine CNOs cytotoxicity, antibacterial applications, photothermal properties
and their ability to produce reactive oxygens species (ROS), depending on chemical surface
modifications.
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Nanomaterials have a broad range of clinical applications. One of the most important ones
is drug delivery. There is an increasing need for customized medicine that engineers rationally
designed particles precisely for drug delivery [1].
One of the critical challenges for effective design of nanomaterials in medicine is to avoid
off target effects and clearance and accumulation in the liver and the spleen [2]. Different coating
technologies have been tested to implement their efficacy, one of them being coating employing
cell-derived membranes [3]. These so-called biomimetic nanomaterials have been used as drug
delivery agents for some years. Nonetheless, they have not been successfully implemented
clinically [4]. This is due to the lack of models for preclinical testing, among other factors. 3D cell
culture models are an emerging field suitable for testing that can help bridge the gap between
pre-clinical and clinical testing for drug delivery in therapy. These cellular models replicate
physiological characteristics more accurately than 2D cell models, which means they can be set
up as a previous step to animal testing [5].
In this work, a type of cell-derived nanocarriers, called cellsomes, was synthesized and
fully characterized. Then, the interaction of functionalized cellsomes with in vitro 2D and 3D cell
culture models was studied by flow cytometry and confocal microscopic (Figure 1). We optimized
protocols to develop complex 3D cell culture models such as spheroids or 3D barrier models, in
which cells are embedded in a 3D gel matrix (formed by collagene) mimicking endothelial barriers.

Figure 1. Set of pictures from a HeLa spheroid incubated for 3 hours with Atto 647N DOPE
functionalized HeLa derived cellsomes. Different planes in the z axis are pictured. Red: cellsomes.
Green: cell membranes. Scale bar: 100m.
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Precise control of the glucose level in biological fluids is main concern in metabolic
disorders as diabetes. It might be achieved by using sensitive detection techniques such as
potentiometry and fluorescence, among others. In this sense, glucose oxidase (GOx) enzyme in
combination with fluorescent-probes has widely been used as a fluorescence-based biosensor
due to its high glucose-responsiveness [1]. Based on their tunability, single enzymes encapsulated
within a polymer shell, referred to as single enzyme nanogels (SENs), have emerged as very
promising biohybrid nanomaterials with high potential in biomedical applications[2]. Tailored
functional SEN surfaces permit to attach reporters as lanthanides in the nanospace proximity of
the enzyme, minimizing the diffusion issues and, in turn, enhancing the biosensor efficiency.
Herein, we proposed a biosensor manufacturing based on GOx nanogels decorated with
phosphate groups (pGOx) (Figure 1A). The phosphate moieties at SEN surface allow the
coordination of Ce+3 reporters, endowing luminescence to the nanogels (Figure 1B). The
enzymatic reaction with glucose produces a well-known static quencher, hydrogen peroxide,
which effectively switches off the luminescence of Ce3+ by oxidizing it to Ce4+(Figure 1C). The
nanoconfined biosensor permits efficiently the detection of glucose with a good linear correlation
between 0 and 95 µM and limit of detection (LOD) in the nanomolar range. Finally, the biosensor
demonstrated to be effective to detect glucose in biological samples. This approach opens new
avenues of development of chemobiosensors for biomedical applications.
A. Synthesis of enzyme nanogels

1

2

B. Activation of the sensor

3

C. Detection of glucose

4

Ce3+

Glucose

MAEPm
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Figure 1. Workflow of the chemobiosensor synthesis. First (A, steps 1 and 2), GOx enzyme is
encapsulated within a thin polyacrylamide network decorated with ethyl phosphate groups (step
2). Thereafter (B), enzyme nanogels (pGOx) are loaded with Ce (III) cations (step 3), which
remain coordinated to the phosphate groups of the polymeric component, giving rise to a
fluorescent pGOx. C) Finally, in presence of glucose (step 4), GOx enzyme will produce equimolar
amount of hydrogen peroxide, which quenches the fluorescence of the system.
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In recent years, the possibility of interconnecting nanodevices forming “nanonetworks” with
multiple applications has been studied. At the nanoscale, traditional communication technologies
are not applicable, therefore, an interesting approach to establish communication at the
nanoscale is mimicking communication in Nature[1].
With this purpose, a sequential and cooperative delivery system has been developed. It is
based on a communication protocol between an enzyme-functionalized gold-mesoporous silica
Janus nanoparticle mechanized with light-sensitive supramolecular gates, and a mesoporous
silica nanoparticle that responds to redox stimulus. The Janus nanoparticle is able to release
paracetamol when irradiated with UV light. In the presence of acetylthiocholine, it is able to trigger
the delivery of rhodamine B encapsulated in the second nanoparticle through the enzymecatalyzed input transformation and the successful particle-to-particle communication protocol.
UV light
Input 1

N-Acetylthiocholine
Input 2

Paracetamol
Output 1

Thiocholine
Chemical communication sign

References
[1] A. Llopis-Lorente, P. Díez, A. Sánchez, et al. Nat Commun. 2017, 8, 15511

1201

Rhodamine B
Output 2

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-666

CLICK CHEMISTRY AS A TOOL FOR NANOPARTICLE-CELL TRACKING
E García,a G. Zampini ,a E Polo,a B Pelaz,a and P del Pinoa
a

Centro Singular de Investigación en Química Biolóxica e Materiais Moleculares (CiQUS),
Universidade de Santiago de Compostela, Santiago de Compostela, Spain
e-mail: elvira.garcia.morales@rai.usc.es

Keywords: Click chemistry; Metabolic Glycoengineering; Drug deliver; Cell tracking;
Nanoparticles

The study of biomolecules in their natural environment has extended our understanding of
biological processes in the past few years. Cell membrane is a rich source of information that
reports on the cell’s physiology. Metabolism produces changes in glycan structures that serve as
markers of altered gene expression during development and disease progression. Glycans are
therefore attractive targets for in vivo imaging. [1] The field of bio-orthogonal click chemistry has
enabled the study and precise manipulation of biological processes within living organisms. Bioorthogonal click reaction can be carried out under physiological conditions, and it is currently used
for the modification of biomolecules, such as nucleic acids, lipids, and proteins. [2]
The research reported here aimed to find a successful alternative to specific covalent
labelling and tracking of biomolecules in living cells by strain-promoted azide-alkyne cycloaddition
(SPAAC) reaction. By using metabolic glycoengineering, unnatural azido sugars (NAzidoacetylmannosamine-tetraacylated, Ac4ManNAz) can be introduced into the cell membrane
bilayer as efficient reagents for anchoring molecules capable of cell labelling and tracking. The
azide modified cells can be covalently link to a reporter, which can act as a dye or as a contrast
agent in the case of nanoparticles (NPs). These experiments were performed in 2D and 3D cell
cultures from different cellular lines.
We demonstrate in this work that metabolic glycoengineering of unnatural sugars has
successfully applied to introduce chemical functional groups onto the cell surface, which can be
used for efficient click chemical reactions in long-term experiments in both 2D and 3D cell models,
using diverse dibenzocyclooctyne (DBCO) group-modified reporters (fluorophores and
functionalized gold NPs).
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Switching materials have the capability of change their properties in response to an external
stimulus, activating or deactivating an "on-off" state. Examples are those materials that can
change from dielectric to conductive, from colourless to coloured, from paramagnetic to
ferromagnetic, etc. On the other hand, the external stimulus enabling such a change can be
pressure for piezoelectrics, light for photochromics, magnetic fields, heat, etc. In biomedicine, the
best-known example is the use of a family of resins that harden under UV light irradiation, but
there are also internal stimuli such as, for example, the pH change between blood and lysosome,
which allows the specific release of drugs from certain biomolecules.
In our lab, we have developed a new hybrid living material (HLM[1]), called probiotic
cellulose, which combines an inert bacterial cellulose (BC) matrix with immobilised probiotic
bacteria to treat skin infections[2]. Thus, the proliferation of probiotics in the cellulose matrix
modifies its viscoelasticity. While BC (without probiotics) shows the typical viscoelastic moduli of
pure BC, the proliferation of probiotics within the probiotic cellulose leads to a decrease in fluidity
in the first hours of incubation, and an increase when the bacterial density is very high until it
reaches properties similar to an elastic solid. This biomaterial is the first example where life
(bacterial growth) is, itself, the stimulus to modify the flowability of a material.

Figure. Photographs of the biomaterials composed of (A) pure bacterial cellulose, (B) probiotic
cellulose after 5 hours of incubation (PC-Lf5) and (C) after 48 hours of incubation (PC-Lf48).
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The accelerating prevalence of antimicrobial resistance is challenge the global healthcare
system.[1] The overuse and misuse of antibiotics have resulted in multi-drug resistance pathogens
leading the world to a pre-antibiotic era.[2,3]
To tackle severe infections, novel therapeutics as well as novel delivery systems are
needed. Hence, the objective of this work is to develop an innovative drug delivery vehicle able
to tackle multidrug-resistant bacterial infections. We have created novel lysozyme composite
crystals containing in their interior silver nanoparticles. These protein crystals will behave as drug
delivery vehicles able to tackle infections by their chemical composition (lysozyme and silver
nanoparticles) and by the rate of release at which these two components are liberated in the
affected area. The rate of drug release would be controlled by the crosslinking degree of the
crystals. We anticipate that these synergistic antimicrobial particles can be an excellent strategy
to combat biofilms formation.
To obtain this material we followed a bottom-up protocol in which AgNPs were firstly
obtained in a gelled medium that was subsequently used as crystallization media to obtaining
lysozyme (Lzm) crystals. Composite Lzm@AgNP crystals were later crosslinked at different
degrees to control their dissolution rate.
Herein, we present a proof of concept of a novel drug delivery vehicle in which the vehicle
and their cargo has an active and remedial role. This strategy can be easily extended to other
proteins and cargos to treat other diseases, to protect goods, etc.

Fig 1. A) AgNPs grown in situ in the gel. The concentration of sodium borohydride decreases
from left to right. B) Lzm crystals grown in agarose with AgNPs. C) TEM image of AgNPs inside
gels. D) The insert shows a closer view of AgNPs dispersion within the lysozyme crystal.
Supported the Spanish Ministry for Science and Innovation/Agencia Estatal de Investigación
10.13039/501100011033, grant PID2020-116261GB-I (JAG) & project P18-FR-3533 (LAC) from
JJAA.
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One of the most urgent challenges humanity will have to tackle in the years to come is the
increasing antimicrobial resistance of bacterial pathogens. Streptococcus pneumoniae is an
important human pathogen, responsible for most of the bacterial lower respiratory tract infections,
which are the first cause of death among infectious diseases, at least before the COVID-19
pandemic. Due to insufficient vaccine coverage of all pneumococcal serotypes and the high
percentage of antibiotic-resistant strains, the search for alternative treatments of S. pneumoniae
infections is a priority [1]. Advanced biomaterials provide an interesting and versatile platform to
implement new and more effective strategies to fight bacterial infections. Chitosan is one of these
biopolymers and possesses relevant features for biomedical applications.
Here we synthesized nanoparticles of chitosan derivatized with dimethylaminoethyl groups
(ChiDENPs) to emulate the choline residues in the pneumococcal cell wall and act as ligands for
choline-binding proteins (CBPs). CBPs have emerged as sources or targets for novel antipneumococcal molecules design [2]. The union of ChiDENPs to these CBPs inhibits daughter cell
separation and promote pneumococcal chain formation that could be better removed by
phagocytosis [3].
Firstly, the chitosan-diethylaminoethyl conjugate (ChiDE) was synthesized by reaction of
chitosan with dimethylaminoethyl chloride. Purified ChiDE was used to obtain ChiDENPs by
ionotropic gelation. The ability of ChiDENPs to sequester the CBPs present in the bacterial
surface was studied thus promoting chain formation. Finally, the CBP-binding ability of ChiDENPs
was purposed to encapsulate a bio-active molecule, the antimicrobial enzyme Cpl-711
(ChiDENPs-711). Cpl-711 is an enzyme that can be used exogenously as antibacterial agents
and it does not promote antibiotic-resistant.
Within this framework, our hypothesis is that NPs based on a chitosan derivative
incorporating DEAE groups, as choline-binding residues, could bind CBPs with the functional
versatility to both hijack and inhibit natural pneumococcal CBPs and non-covalently bind CBP
enzybiotics and release them in a controlled manner.
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DEVELOPMENT OF TAILORED DNA NANOSTRUCTURES FOR
ANTICANCER DRUG DELIVERY
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DNA is a biopolymer of nucleotides with excellent self-assembling properties due to its
highly specific nitrogen bases recognition. This characteristic enables DNA nanotechnology the
use of DNA strands as building blocks to form complex DNA-based nanostructures with total
control in their size and shape, in a reproducible way. These DNA nanostructures (DNanos) can
be used to encapsulate and protect anticancer drugs and other therapeutic agents and transport
them to their action site, increasing their selectivity and effectiveness.[1]
Among other parameters, the shape, the size, and the flexibility of DNanos can influence
their biostability as well as their ability to internalize into cells, and hence impact on their drug
delivery capabilities.[2] For this reason, the main objective of this work was the study and
development of a collection of DNanos with small and precise variations related to their length
(figure 1a) or flexibility (figure 1b).
The obtained results indicate that all the nanostructures were correctly assembled and
were capable of encapsulating anticancer drugs such as doxorubicin and trifluoperazine. Besides,
all of them were resistant to serum nuclease degradation for up to several days and they showed
optimal thermal stability (>37ºC) for subsequent cellular studies. Interestingly, these small
variations in DNanos length or flexibility affect their degradability, thermal stability, and tumor cells
interaction; and, consequently, their properties as nanocarriers.
These initial data suggest that changes in the length or/and flexibility of these DNanos
could help us into their optimization, reaching a design that is both resistant and cellular
recognizable, in order to increase anticancer drugs effect. Besides these structural modifications,
we are currently exploring the effect of different polycations in the stabilization and drug delivery
performances of these DNanos.

Figure 1. Representation of DNanos developed in this work

1.
2.

Seeman, N. C. DNA Nanotechnology at 40. Nano Lett. 20, 1477–1478 (2020).
Madhanagopal, B. R., Zhang, S., Demirel, E., Wady, H. & Chandrasekaran, A. R. DNA
Nanocarriers: Programmed to Deliver. Trends Biochem. Sci. 43, 997–1013 (2018).
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FORMATION OF CORE-SATELLITE NANOCOMPOSITES COMPRISING
POLYDOPAMINE PARTICLE-GOLD NANOPARTICLES FOR THERAPEUTIC
APPLICATION OF CANCER THERAPY
Ghibom Bhak *, Rania Djermanea, Carlos Alonso Fernández a,
Ángel Luis Fuentes de Arribaa, and Eva M. Martín del Vallea
a) Department of Chemical Engineering, University of Salamanca, 37008 Salamanca, Spain
e-mail: bhak@usal.es
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Soft ligands such as polymers, DNAs, and proteins have attracted substantial attractions to
assemble nano-scale objects to construct diverse nanocomposites in order to find therapeutic
applications[1]. Recently, a human protein of -synuclein (S) has been demonstrated to be used
as a binder to let gold nanoparticles (AuNPs) adsorb in the form of single-layer onto multiple
substrates regardless of their chemical nature and their shapes[2]. Moreover, the proteins hold
AuNPs together through self-assembly to form 1-D nanochains[3] and 2-D free standing singlelayer of AuNPs[4] by taking advantage of the structural plasticity of S[2].
S is an intrinsically disordered protein mediating formation of neuronal protein complexes
owing to its high degree of structural plasticity and chaperone activity. The sequence of S has
been systemically studied to find a core region responsible for the versatile adhesion, and thus
identified a 17-residue peptide (125YEMPSEEGYQDYEPEA140) that preserves the universal
binding nature of S[5].
Here, we propose a strategy for the fabrication of homogeneous nanocomposites
consisting of polydopamine(PD)-core AuNPs-satellite (Fig 1). PD particles have been known to
selectively recognize cancer cells and exhibit a photodynamic property that can be potent for
regression of cancer cells[6]. The high density AuNPs layer on the surface of a PD particle will
enhance the photodynamic effect by means of the nanoplasmonic phenomenon[7]. Additionally,
the rich chemistry of SP encapsulating AuNP surface would provide functionalization sites to
attach ligands to precisely target cancer cells. It could be suggested as a new class of
nanocomposite materials performing selective photodynamic effect and specific drug release for
cancer therapy.

[1] Si K.J. et al., Advanced Science, 2017, 5, 1700179.
[2] Bhak G.; Lee J. et al., ACS Applied Materials & Interfaces, 2017, 9, 8519–8532
[3] Lee D. et al., Angewandte Chemie International Edition, 2011, 123, 1368 –1373.
[4] Lee J.; Bhak G. et al., Angewandte Chemie International Edition, 2015, 54, 4571–4576
[5] Bhak G. et al., Bioconjugate Chemistry, 2020, 31, 2759-2766
[6] Nieto C. et al., RSC Advances, 2018, 8, 36201-36208
[7] Zhou N. et al., RSC Advances, 2015, 5, 29076-29097
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FUNCTIONALIZABLE BLOCK COPOLYCARBONATES FOR THE
PREPARATION OF STIMULI-RESPONSIVE NANOCARRIERS
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50009, Spain
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Amphiphilic block copolymers are promising materials for drug delivery due to their ability to
form self-assemblies in aqueous media, which are able to both encapsulate and transport drugs. In
order to aim the target tissue, drugs’ release can be controlled if stimuli-responsive moieties are
incorporated to the macromolecular structure.[1] Amongst the various stimuli applicable, temperature
can affect the solubility of certain polymers so that they turn from soluble to insoluble, or vice versa.
When hydrophilic polymers become hydrophobic by heating, the temperature at which this occurs is
called Low Critical Solution Temperature (LCST).[2]
Here we report new series of biocompatible and degradable block copolycarbonates with high
versatility in their functionalization, based on the ring opening polymerization (ROP) of 5-methyl-5allyloxycarbonyl-1,3-dioxan-2-one (MAC) and 5-methyl-5-propargyloxycarbonyl-1,3-dioxane-2-one
(MPC) monomers. Allylic and propargylic pendant groups were orthogonally functionalized by means
of widely-reported click reactions to introduce functionality into the macromolecules. Specifically,
water-solubility and thermoresponsiveness in one block combined with hydrophobic stimuli-responsive
moieties.
For this purpose, ROP of MAC monomer was studied in order to synthetize an allyl-based
homopolymer, PMAC, which was functionalized through radical thiol-ene reaction with water-soluble
thiols mainly based on poly(ethylene glycol) chains of different molecular weight. The resultant
polymers (Figure 1, Series I) show different transition temperatures depending on the
hydrophilic/hydrophobic ratio. According to the morphological changes observed at the LCST, from
small micelles to larger aggregates, these homopolymers could be exploited for the preparation of
thermoresponsive nanocarriers. Besides, they can be used as hydrophilic block for obtaining
amphiphilic block copolymers. Consequently, copolymerization of PMAC homopolymer and MPC
monomer and the subsequent orthogonal post-polymerization modifications were carried out (Series
II). The combination of CuAAC and thiol-ene reactions leaded to the synthesis of different stimuliresponsive amphiphilic block copolycarbonates that show self-assembly in water and could be used
for the preparation of polymeric nanocarriers.

Figure 1. Synthetic approach for thermoresponsive polycarbonates (Series I) and amphiphilic and
stimuli-responsive block copolycarbonates (Series II).
Acknowledgements: Financial support from Gobierno de Aragón under the project LMP93_21 and
FEDER (E47_17R, FEDER 2014-2020 “Construyendo Europa desde Aragón”) is gratefully
acknowledged. Sara Bescós acknowledges Gobierno de Aragón for her PhD grant.
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GLUCOSE-POWERED JANUS NANOMOTORS FOR ACTIVE ANTICANCER
DRUG DELIVERY
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Self-propelled and bio-inspired nano- and micromotors are a promising field in the biomedical
area, specifically in anticancer therapy due to their ability to enhance tumor reach, tumor
infiltration and tumor cell internalization. However, these devices still have disadvantages that
limit their real application. The main problem lies in the use of toxic and exogenous fuels for living
beings to produce their movement. The most commonly employed is hydrogen peroxide, at high
concentrations to achieve high levels of diffusion or velocity in nanoparticles.[1-3] Herein, we
describe a new versatile nanomotor capable of both self-propulsion and drug delivery for "smart"
cancer therapy. It consists of a Janus-type nanoparticle with two opposing faces, a platinum (Pt)
nanoparticle and a mesoporous silica nanoparticle (MSN), unified in the same nanodevice. The
MSN face acts as a container for the anticancer drug doxorubicin (DOXO). In addition, the surface
of the MSN is decorated with the enzyme glucose oxidase (GOx), bound by amide bonds. The
GOx enzyme acts as a "molecular gate" controlling the specific intracellular delivery of DOXO and
as a trigger to initiate the propulsion reaction, converting the abundant glucose present in the
tumor microenvironment into gluconic acid and hydrogen peroxide (H2O2). The platinum face is
responsible for autonomous motion by catalytically decomposing the H2O2 produced by the GOx
into water and oxygen (gas), Figure 1.

Figure 1. Representation of glucose-powered Janus Pt-MSN nanomotor for active anticancer drug delivery
in HeLa tumor cell culture, tumor spheroids, and in a balb/c mice model.

The advantages of the Janus Pt-MSN (DOXO)-GOx nanomotor lie in the bioavailability and nontoxicity of glucose in tumors and in its geometry, which enhances their diffusive motion. After
structurally and functionally characterization of the developed nanomotors, their anticancer
properties were tested in a HeLa tumor cell culture, tumor spheroids, and in an in vivo mice
xenograft model.
The results obtained showed a high capacity for three-dimensional tumor infiltration and cell
internalization resulting in a controlled DOXO release, promoting a significant tumor size
reduction. In summary, this innovative and versatile nanotechnology could suppose a great
advance in anticancer therapy employing biocompatible self-propelled nanoparticles.
References
[1] F. Peng et al. Angew. Chem. Int. Ed. 2015, 127, 11828–11831. [2] J. Sun et al. ACS Nano
2019, 13, 10191–10200. [3] A. Llopis-Lorente et al. ACS Nano 2019, 13, 12171–12183.
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GOLD AND SILVER METALLODENDRIMERS BASED ON
CYCLOTRIPHOSPHAZENES WITH ANTITUMORAL PROPERTIES
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One of the most important use of phosphazenes today involves its biomedical applications.[1] Notably,
biocompatibility and biodegradability can be regulated by the introduction of specific side groups, R,
both in cyclophosphazenes derivatives (CPZs) and their analogue polymers, polyphosphazenes
(PPZs), [NPR2]n. Nowadays, the use of PPZs in drug-delivery applications has become a significant
focus. Macromolecular pro-drugs are known to exhibit improved body distribution, prolonged blood
circulation and passive or active tumor targeting. CPZs can be used as core of dendrimers giving rise
to a wide variety of branched molecules, [2a,b] and can also be used as scaffolds for the design and
construction of a variety of ligands [2c] to conjugate metallodrugs. Several authors have prepared and
studied the antitumoral properties of cyclo- or polyphosphazene-platinum(II) conjugates, [3a] and we
have recently reported metallo-cyclophosphazenes containing gold or silver, which have outstanding
antimicrobial or antitumoral properties. [3b] Herein, we present new dendrimers based on a
cyclotriphosphazene as a central core with dendrons derived from 2,2-di(hydroxymethyl)propionic
acid, bis(MPA), which have been further functionalized at their terminal positions with pyridine donor
units to obtain gold or silver metallodendrimers, G0-(pyM)6, G1-(pyM)12 and G2-(pyM)24 (See Chart 1
for Generation 2 metallodendrimers having 24 pyridine peripheral groups, G2-(pyM)24).

Chart 1. Structure of metallodendrimers G2-(pyM)24
Studies of their anti-cancer activity in the human breast adenocarcinoma (MCF7) and human
hepatocellular carcinoma (HepG2) cell lines were carried out. IC50 values revealed an excellent
antitumor activity for these metal complexes, compared with their precursors, cisplatin and auranofin.
Structure-activity relationships are discussed in order to determine the influence of ancillary ligands
and the number and type of metal atoms (silver or gold).
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895. (c) Chandrasekhar, V.; Magendran, S. Chem. Soc. Rev. 2001, 30, 193–203.
[3] (a) Henke, H.; Kryeziu, K.; Banfic, J.; Theiner, S.; Körner, W.; Brüggemann, O.; Berger, W.; Keppler,
B.K.; Heffeter, P.; Teasdale, I. Macromol. Biosci. 2016, 16, 1239-1249 and references therein. (b)
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GRAPHENE-BASED HUMAN RECEPTOR FIELD-EFFECT TRANSISTOR
MICROARRAY FOR VIRUS DETECTION
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The Coronavirus Disease 2019 (COVID-19), first recognized in December 2019 in Wuhan
(China), is the latest respiratory disease pandemic currently plaguing global health. During the
first phase of the pandemic, the absence of a vaccine or anti-viral drugs forced the use of large
scale testing the population to isolate the infectious groups. This painful lesson could serve as a
guide for the prevention of future pandemic. At present, there is the necessity to develop new
tests that fulfill the following characteristics: i) unexpensive and ii) time consuming methods, iii)
accurate detection, iv) usable multiple times and, very importantly, v) the design of the test should
not depend on the knowledge of the molecular makeup of the virus. Since none of the existing
tests fulfill all the requirements,[1] future pandemics will expose us again to large scale lockdowns.
In this work, we develop an antibody-free biosensing device based on the modification of
a semiconducting graphene surface, as part of a miniaturized array of field-effect microtransistors,
with human cell receptors (gFET, Fig. 1). This biosensor was used in the laboratory to detect the
SARS-CoV-2 spike protein, showing a limit of detection of 1 aM and a linear range between 2aM
and 600 aM. In addition, the results obtained with the gFET prototype were validated by
comparison with surface plasmon resonance (the state-of-the-art technique to evaluate proteinprotein interaction). Indeed, gFET shows limits of detection of an order of magnitude lower
compared to this state-of-the-art technique, confirming the exceptional potential of the developed
platform.

Figure 1. Schematic representation (A) and optical images (B-C) of gFET. Spike protein
detection based on Dirac point variations (D).
Reference
[1] B. D. Kevadiya, J. Machhi, J. Herskovitz, M. D. Oleynikov, W. R. Blomberg, N. Bajwa, D. Soni,
S. Das, M. Hasan, M. Patel, et al., Nat. Mater. 2021, 20, 593–605.
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Production of Mesoporous Silica Nanoparticles (MSNs) with uniform textural characteristics
and imaging properties on a large scale is still a challenge. Thus, the design of simple and
scalable methods to obtain reproducible functionalized MSNs has become even more relevant.
In this communication, we describe an in-situ strategy for the synthesis and superficial
functionalization of highly luminescent Mesoporous Organometallo-Silica Nanoparticles. Using
the [Ir(dfppy)2(dasipy)]PF6 chromophore and TEOS as sol-gel precursors, and different capping
agents, such as diethoxydimethylsilane (DMDES) or 3-aminopropyltriethoxysilane (APTES),
three different emissive MSNs were prepared (NPOH_IS, NPMe_IS and NPNH2_IS), each containing
hydroxyl, methyl or amine groups on their surfaces, respectively. All three have been tested on
human tumor A549 (lung carcinoma) and HeLa (cervix carcinoma) cell lines, showing intense and
stable yellow phosphorescence, biocompatibility and efficient internalization. Moreover, these
MSNs also present excellent textural properties with high superficial areas (up to 1000 m2·g-1),
paving the road for their future use not only as phosphorescent biomarkers, but also in controlled
intramolecular delivery.[1]
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MINERALIZATION OF AROMATIC SHORT-PEPTIDES
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Bone is a complex tissue in continuous process of remodeling that maintains the structural
integrity of the skeleton and protects inner organs.[1] Bone pathologies (i.e., osteoporosis) are
expected to increase due to the changes in population demographics. According to WHO, the
worldwide hip fracture is expected to rise to 6 million by 2050. Despite the considerable progress
in conventional scaffold-based tissue engineering, the recreation of physiological complexity has
remained a challenge.[1] Self-assembled peptides and proteins have turned out to be excellent
templates for the growth of inorganic minerals trying to emulate natural biomineralization
processes.
Herein the biomimetic mineralization of amphiphilic short-peptides was studied with the
final aim of designing sophisticated inorganic/organic nanocomposites with tunable structurefunction relationships.[2] Concretely, we have developed a protocol in which the self-assembly of
amphiphilic peptides and the formation of apatite nanocrystals occurs simultaneously by addition
of calcium ions in such a way that the competition for Ca2+ ions modulates crystal growth in a
more precise way, emulating
bone mineralization. As far as
we know, both processes have
never
been
studied
simultaneously for this peptide.
We found that substequiometric
calcium concentration provides
nanocomposite materials in
which nanoapatite crystals are
perfectly
embedded
and
oriented along the peptide fibers
(Figure1), as observed in
mineralized collagen fibrils, the
basic building blocks of the
Figure 1. Influence of Ca2+ concentration on the
complex bone structure.
mineralization of aromatic peptides.[2]
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Upon illumination at the surface plasmon resonance, electron density of metallic
nanoparticles oscillates at the frequency of incoming light. The decay of the plasmon band leads
to heat generation, a phenomenon that gave rise to the field of thermoplasmonics,[1] attracting
much attention in the context of life science applications including cancer therapy and neuronal
photostimulation.[2] The latter is of particular interest since the local heat generation under pulsed
laser excitation can induce an action potential in neurons.[3] However, the measure of the local
temperature in situ during neuronal photostimulation has yet to be shown.
Here we propose a hybrid construct in which water-soluble conjugated polymers, apart
from acting as fluorescent nanothermometer, serve as a scaffold for a monolayer of gold
bipyramids as a heat source (Figure 1). Using the Fluorescence Lifetime Imaging Microscopy
(FLIM) one can measure the change of fluorescence lifetime of conjugate polymers matrix as a
function of local temperature under infrared light irradiation. The biocompatibility and structural
diversity of layer-by-layer nanoarchitectures pave the way for integrating the proposed system
into a biological interface.

Figure 1. (a) Chemical structure and (b) fluorescence spectra of the conjugated polymers,
(c) scheme of the system comprising a monolayer of gold bipyramids and conjugated polymer
matrix, (d) macroscopic image of the substrate under white light and the UV lamp, (e) SEM image
of the substrate showing randomly distributed nanoparticles, (f) TEM image of gold bipyramids
monolayer and (g) UV-Vis-NIR spectrum of the nanocrystals in the solution.
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CALCIUM CARBONATE INTO CALCIUM PHOSPHATE MICRONANOPARTICLES INTENDED FOR BIOMEDICAL APPLICATIONS
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Mineral replacement reactions occur in many geological and industrial processes. These
reactions, controlled by hydrothermal conditions, involve the partial or total substitution of a
primary phase by a product mineral in the presence of a fluid phase. This experimental approach
can be employed for the mineral substitution of biogenic calcium carbonates into calcium
phosphates phases [1-3]. During the chemical replacement, the external morphology and
microstructural characteristics of the parent biomineral provide specific properties for the newly
formed phases of great interest for the material synthesis [1]. Eggshell is a suitable raw material
for mineral replacement due to its specific crystalline and compositional properties as well as its
wide availability and potential reusability [4]. Therefore, the study of the hydrothermal
transformation of this biomineral into calcium phosphate provide new clues for the controlled
synthesis of inorganic materials. The aim of the current research is to find the optimal conditions
to transform biogenic eggshell calcite into calcium phosphate micro-nanoparticles to be employed
in biomedical applications (i.e. bone repair, nanocarriers for drug delivery, etc). Eggs were
collected from a local breeder and the shell manually separated from the eggshell membrane and
divided in two groups: untreated and treated with NaClO (2.5 wt.%) for one hour. Then, the shells
were washed with Milli-Q water, grounded and sieved into 50, 100 and 200 m particles sizes.
The obtained CaCO3 particles were treated with a K2HPO4 solution in stoichiometric molar ratio
respect to hydroxyapatite (i.e. Ca/P=1.67), at temperatures between 100°C and 200°C, for seven
days. The products were characterized by scanning electron microscopy (SEM), X-ray diffraction
(XRD), attenuated total reflectance-Fourier transform infrared (ATR-FTIR) and Raman
spectroscopies. Different percentages of transformation were obtained depending on the
temperature, being the whole transformation found at 180 ºC when using the 50 m NaClO
treated fraction. Crystallographic and spectroscopic characterizations confirm that the main
crystalline phase is hydroxyapatite. Below this temperature, the samples were composed of
hydroxyapatite and pristine CaCO3. The synthetic approach here reported, if properly exploited,
opens a new way to prepare eggshell-derived particles with suitable particle size and morphology
for biomedical applications as well as in material science.
Acknowledgements: Grant Ref. PGC2018-102047-B-I00(MCIU/AEI/FEDER,UE).
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The incorporation of magnetic nanoparticles (MNP) inside the hydrogel possesses
numerous advantages: it allows remote control of the mechanical properties, increases the
robustness and stability of the hydrogel, and improves the injectability properties (through a shearthinning / self-healing process) [1]. Combining the excellent properties of magnetic hydrogels with
the higher water content, porosity, biocompatibility, and biodegradability that supramolecular
hydrogels possess, we can obtain a material with excellent properties for cell growth and in vivo
applications.
In the present work, we have developed a new type of biocompatible and biodegradable
injectable magnetic hydrogel composed of short peptides of Fmoc-diphenylalanine (Fmoc-FF)
(Fmoc = fluorenylmethoxycarbonyl) and Fmoc-arginine-glycine-aspartic acid (Fmoc-RGD) with
magnetic nanoparticles inside. These new systems have been tested in vitro as 3D scaffolds for
osteoblast cell growth and as fibroblast delivery vehicles. The toxicity, degradation, and
injectability of these hydrogels have been evaluated in vivo by subcutaneous injection in mice.
A complete morphological, microstructural, and mechanical characterization of the
supramolecular hydrogels was also carried out. Our results show a reinforcement of the
mechanical properties of the ferrogels as well as fast and strong self-healing properties when they
are subjected to injection, as compared with nonmagnetic counterpart. Thus, they result on
biocompatible and non-toxic supramolecular ferrogels with enhanced mechanical stability and
excellent injectability properties without phase disruption.
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In the search for an effective treatment capable of reversing or stopping the progression of
Alzheimer's disease, special attention has been paid to multitarget therapeutic strategies capable
of acting on different pathological pathways of this neurodegenerative disease. Furthermore,
contrary to conventional therapies, multitarget therapy has therapeutic advantages such as the
reduction of the dosage and frequency of the drug required, reduction of adverse effects and the
resistance developed by the patient to treatment. An example of multitarget drugs are the family
of indoles and azaindoles derived from the natural alkaloid gramine, which have important
neuroprotective properties, participating in the regulation of intracellular Ca2+ concentrations and
the activation of protein phosphatase 2A (PP2A)[1,2]. In this context, the objective of this study is
to design an appropriate galenic formulation for the oral administration of an indole derivative with
suitable neuroprotective properties, developing a hybrid and a bionanocomposite material based
on clays. Nowadays, laminar clays have been widely studied as carriers for oral administration
and efficient controlled release of drugs[3]. In this work, a 5-methylindole derivative is intercalated
in the commercial clay Laponite® XLG (LAP). The intercalation of the compound in the interlayer
space of the clay is confirmed by X-ray diffraction, and by elemental chemical analysis indicating
a drug loading of 62.3 meq/100 g LAP. This value is very close to the cation exchange capacity
(CEC) of LAP (63 meq/100 g), which suggests a complete exchange of sodium cations by the
drug in the interlaminar regions of the material. In addition, pharmacological studies of toxicity per
se and neuroprotection against okadaic acid (a selective PP2A inhibitor) were performed. The
hybrid material did not present any toxicity and showed neuroprotective properties similar to the
drug without intercalation. On the other hand, the in vitro release studies of the hybrid material
carried out in a medium that simulates the gastrointestinal tract indicated a rapid release of the
drug in an acid medium reaching a 25%, and a significantly reduced release in a medium
simulating the intestinal fluid. For this reason, the hybrid was encapsulated in a biopolymeric
matrix composed of micro/nanocellulose and coated with pectin in order to minimize the release,
protect the drug against the acidity of the simulated stomach fluid, and gradually control its release
in a neutral medium simulating the intestinal environment. Alternatively, taking advantage of the
versatility of microcrystalline cellulose and pectin, orodispersible tablets loaded with the hybrid
material were developed to provide an alternative to oral administration systems of this
neuroprotective compound, thus enhancing the patient compliance to this promising treatment for
Alzheimer’s disease.
The authors acknowledge financial support by project PID2019-105479RB-I00 (AEI, Spain).
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Multiepitope Dendrimeric Antigen-Silica Particle Composites as NanoBased Platforms for Specific Recognition of IgEs
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β-lactam antibiotics (BLs) are the drugs most frequently involved in drug hypersensitivity
reactions. However, current in vitro diagnostic tests have limited sensitivity, partly due to a poor
understanding of in vivo drug–protein conjugates that both induce the reactions and are
immunologically recognized. Dendrimeric Antigen-Silica particle composites (DeAn@SiO2),
consisting on nanoparticles decorated with BL-DeAn´s are promising candidates for improving
the in vitro clinical diagnostic practice.[1] In this nano-inspired system biology, the synthetic
dendrimer plays the role of the natural carrier protein, emulating its haptenation by drugs and
amplifying the multivalence. Herein, we present the design and synthesis of new multivalent
mono- and bi-epitope DeAn@SiO2, using amoxicillin and/or benzylpenicillin allergenic
determinants as ligands. The homogeneous composition of nanoparticles provides high
reproducibility and quality, which is critical for in vitro applications. The suitable functionalization
of nanoparticles allows the anchoring of DeAn, minimizing the nonspecific interactions and
facilitating the effective exposure to specific IgE; while the larger interaction area increments the
likelihood of capturing specific IgE. This achievement is particularly important for improving
sensitivity of current immunoassays since IgE levels in BL allergic patients are very low. Our data
suggest that these new nano-based platforms provide a suitable tool for testing IgE recognition
to more than one BL simultaneously. Immunochemical studies evidence that mono and bi-epitope
DeAn@SiO2 composites could potentially allow the diagnosis of patients allergic to any of these
drugs with a single test. These organic–inorganic hybrid materials represent the basis for the
development of a single screening for BL-allergies.

1) APTES / i
2) Succinic Anhy dride / ii
3) PAMAM-G2 / iii
4) BLs / iv

DeAXO-BPO@SiO2

SiO2
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MULTIVALENT PORPHYRIN-CORE SYSTEMS BASED ON
GLYCOFULLERENES FOR BIOMEDICAL APPLICATIONS
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The growing increase in drug-resistant infectious agents is becoming a poor prospect
problem that only scientific research could amend. The need to find alternative treatments to
conventional therapies means that fields such as nanomedicine are in full growth.
One strategy to inhibit infection by certain viruses consists on blocking DC-SIGN receptor,
a C-type lectin that interacts with glycoconjugates found on the surface of several pathogens.[1]
Carbon nanostructures based on hexakis-adducts of [60]fullerene decorated with carbohydrates,
known as glycofullerenes, have shown an outstanding response in in-vitro studies to inhibit the
infection of certain viruses such as Ebola, Zika or Dengue.[2] Furthermore, an increase in the
number of carbohydrate residues connected to the central scaffold will lead to an enhanced
receptor binding according to the multivalency phenomenon.[3]
In this project, a synthetic route to obtain new nanostructures based on glycofullerenes
covalently linked to a porphyrin core is described. These molecules are expected to expand the
range of applicability of these glycomimetics by creating multivalent systems with potential
antiviral activity and photophysical properties.
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NANOENGINEERED PLASMONIC GOLD AS EFFICIENT CLICKNANOPROBES TO DETECT CANCER CELLS
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The surface enginnering of nanomaterials is a key step to advance the tumor-targeting
abilities of a nanoprobe, in order to introduce specific functionalities for the selective and rapid
recognition of cancer cells, and to provide the biocompatibility in complex biological
compartments[1]. In this view, the so-called click reactions represent a promising strategy to
overcome issues deriving from the limited number of cellular receptors and tumor
microenvironment heterogeneity[2].
In this contribution, we propose the use of different gold plasmonic nanomaterials with good
targeting abilities toward cancer cells; we exploited the click chemistry strategy to selectively label
the nanoplasmonic agent to the plasmatic cell membrane (Figure 1).

Figure 1. Gold nanomaterials for the selective click-labelling of metabolic glycol-engineered
cancer cells.

Stable colloidal aqueous suspensions were produced thanks to the use of thiol-modified
polyethylene glycol (PEG)[3]. The use of heterofunctionalized PEG chains allowed the successful
covalent immobilization of fluorescent reporters and dibenzocyclooctyne (DBCO) groups to the
surface of the PEGylated gold nanomaterials.
The DBCO-labelled particles were then exploited to selectively bind the contrast agent to the cell
membrane via fast and efficient copper-free click chemistry; the regioselective binding to the
plasmatic cell membrane was ensured by the expression of azide groups, on the cellular
membrane, via metabolic glycol-engineering of unnatural sugars[4].
This tumor-targeting approach, based on click chemistry and metabolic glycol-engineering,
has already demonstrated high tumor-specificity[2] and will surely lead to the development of
highly effective theranostic nanomaterials.
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NANOSENSOR FOR CUANTITATIVE DETERMINACION OF
MITOCHONDRIAL pH
C Ripoll,a D. Herrera-Ochoa,a P. Pacheco-Liñán,a C. Martín,a I. Bravo,a,b A. Garzón-Ruiza
a

Departamento de Química Física, Facultad de Farmacia, Universidad Castilla-La Mancha, Av.
Dr. José María Sánchez Ibáñez, s/n, 02071 Albacete, Spain.
b

Centro Regional de Investigaiones Biomédicas (CRIB), Unidad Asociada de Biomedicina
(UCLM-CSIC).C/ Almansa, 14, 02008, Albacete, Spain.
e-mail: Consuelo.Ripoll@uclm.es

Keywords: Cancer cells, pH sensor, Fluorescence, FLIM
The increase in the life expectancy in Europe and in the rest of the developed countries
has brought the upsurge in the incidence of age-related diseases, such as neurodegenerative
diseases (Alzheimer’s, Parkinson’s...), as well as a cancer [ref]. In order to overcome those
issues, a lot of scientific efforts are focused on finding new diagnostics tools and imaging
strategies which allows to have an early diagnostics and treatment efficacy monitoring.
Cancer cells undergo a reprogramming of their metabolic pathways, hence the possibility
of switching from one metabolic state to another can be use to design novel anticancer drugs. In
the same line are the neurodegenerative diseases, where mitochondrial dysfunctions and
metabolic alterations are found [ref]. We believe that The relationship between amyloid,
neurodegenerative diseases and metabolism at the cellular level, which is barely known, can be
the solution to have personalized medicine.
To carry out our research we are going to study a very important parameter in biology,
which gives information about the cellular state and pH, being altered by physiological and
metabolic changes in the cells [2]. In this context, this proposal will explore the following aspects:
1) synthesis of a nanosensor QDots-based, 2) determination of nanosensor colocalization in
mitochondria, 3) quantification of mitochondrial pH, 4) study of cellular pH changes in diseases
such as cancer or Alzheimer's, 5) study of pH when treating cells with drugs. To perform this work,
we will take advantage of multidimensional fluorescence microscopy (FLIM) and the longemission lifetimes quantum dot-based nanosensors, which are specifically designed to respond
to the pH of living cells of interest.
This proposal has the potential to provide important new biological insights into two major
health problems in Western societies: cancer cell function, diagnosis, and the connection between
neurodegenerative diseases and metabolic dysfunction.

References
[1] R. J. DeBerardinis, J.J Lum, G. Hatzivassiliou, C.B, Thompson. Cell Metabolism 2008, 11-20.
[2] P. Swietach, R.D. Vaughan-Jones, A.L. Harris, A. Hulikova. Philos. Trans. R. Soc, B 2014,
369 (1638), 20130099.

1221

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-687

NEW LDH INHIBITORS RELATED TO STIRIPENTOL: CONTROLLED
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Lactate Dehydrogenase (LDH, EC 1.1.1.27) is a key enzyme in cell metabolism, catalyzing
the interconversion of pyruvate to lactate using NADH/NAD+ as a cofactor. The enzyme is a
promising target in certain pathologies such as cancer, in which it is overexpressed, as well as in
models of epilepsy and malaria, where its importance at the molecular level has been described.[1]
LDH is an important enzyme involved in the energy metabolism of neurons.
Stiripentol (DiacomitTM)[2] is a drug used for the treatment of Dravet syndrome (severe
myoclonic epilepsy in infancy, SMEI). This is a very severe hereditary epileptic encephalopathy
that begins in the first year of life, with seizures usually triggered by fever, followed by drugresistant epilepsy. From the second year, a slowing of the child's cognitive development takes
place. It is very important to know and administer the appropriate treatment since some of the
traditional antiepileptic drugs can worsen seizures. The disease generally results in motor and
cognitive disability. Stiripentol may be effective in reducing seizure frequency in combination with
valproate and clobazam as an adjunctive therapy in patients whose seizures are not adequately
controlled on clobazam and valproate. Apart from increasing the GABAergic activity through a
barbiturate-like effect and a reuptake inhibition mechanism, stiripentol has been shown to inhibit
LDH. This can make neurons less prone to fire action potentials, likely through activation of ATPsensitive potassium channels.[3]
Selectivity and specificity for the therapeutic target against which they are designed are
crucial issues in drug development. In addition, drug efficacy can be dramatically improved by the
development of drug administration systems such as polymeric materials.
In this communication, we report the design and synthesis of new analogs of stiripentol,
the study of their LDH inhibition potential and their cytotoxicity, as well as the study of their
controlled release from water-soluble poly(vinylpyrrolidone) copolymers, towards the
development of new drugs potentially useful for SMEI treatment.

Controlled release
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NOBLE METAL NANOPARTICLES WITH RELEVANT CATALYTIC
RESPONSE IN TUMOR ENVIRONMENTS
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The development of heterogeneous catalysts represents a very promising alternative for
the development of new cancer therapies1,2,3. The strategy of considering the tumor
microenvironment (TME) as a reactor with a series of specific chemical features has provided a
new perspective in the search for catalytic nanomedicine. There are several metabolites with a
highly relevant role in tumor growth and spreading. The use of catalysts that can selectively tackle
those specific metabolites while working under the demanding conditions of TME represent a
challenging and attractive field of action in the catalysis field applied to cancer therapy. Glucose
is postulated as one of the most relevant metabolites in tumor growth (Figure 1). In recent years,
the decrease in glucose levels in the tumor environment has given rise to a new strategy against
cancer with promising results thanks to its high synergy with other already established therapies
such as chemodynamic therapy. To perform these functions, we present a series of noble-metal
based nanocatalysts able to not only convert glucose but also exhibit, photothermal response
and/or catalase-mimicking activity to in situ generate O2 of paramount importance in co-adjuvant
treatments.

A
)

B
)

C
)

D
)

Figure 1. (A) Scheme illustrating the role of noble-metal based nanoparticles to convert glucose
and generate O2 within the TME; (B) photothermal effect of Au-Pt nanoparticles; (C) UPLC
chromatograms of glucose depletion and glucanolactone formation using the glucose oxidase like
activity of selected metal based NPs; (D) catalase-like activity: oxygen generation with 1 mM of
H2O2 at different concentrations of catalyst; (e) reusability studies of AuPt catalyst towards
glucose conversion.
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BLOOD AND RESPIRATORY SAMPLES FROM COVID-19 PATIENTS
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The SARS-CoV-2 pandemic has rapidly spread worldwide with enormous social and economic
repercussions.[1] During the pandemic peak, saturation of hospitals forced healthcare providers to
decentralize COVID-19 care.[2] For this reason, there is an urgent need for home testing
biomarkers that indicate progression to severe COVID-19.[3]
In order to cover this need, we have designed a rapid test for detecting prognostic biomarkers of
COVID-19 in blood and respiratory samples, specifically IL-6. It consists of an immunosensor
made solely of paper that only requires a smartphone to read colorimetric signals. The
immunosensors have a 3D design that allows the vertical transfer of antibody-decorated gold
nanoparticles from a reservoir to capture areas. There, antibody-antigen interactions result in the
formation of colored spots in the paper substrate that are quantified in seconds with a mobile app,
and the color intensity of the signals depends on the number of antibody-antigen interactions. [4]
The proposed biosensors are advantageous for detecting IL-6 in a decentralized healthcare
strategy because they combine a quick turnaround time with excellent sensitivity and a highly
portable mobile detection system. We demonstrate that our biosensors can detect IL-6 with a limit
of detection (LOD) of only 0.01 pg mL-1 in PBS. Moreover, they can detect elevated levels of IL6 in blood and respiratory samples with low threshold values of 17 and 10 pg mL-1, respectively.
Higher cut-off values could be set by diluting samples to a larger extent. This method allowed us
to differentiate samples from healthy donors from samples with high levels of IL-6 obtained from
COVID-19 patients. [4]
In conclusion, we have introduced paper immunosensors with a mobile readout platform for
the detection of IL-6 in blood and respiratory samples from COVID-19 patients with a low limit of
detection. The tests are entirely made of filter paper, which makes them lightweight, easy to
transport and distribute, and easy to dispose of by incineration. Our app does not require any
lightbox or accessory to control photographic conditions, making it particularly useful for home
testing. These features, along with the ability to identify patients with elevated IL-6 levels at low
cut-off values, make the proposed biosensors a promising tool for the decentralized management
of COVID-19 patients at home or in hospital. [4]
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Natural materials are a constant source of inspiration for the design and development of
functional materials, including nanoparticles (NP). A prominent example is the bioinspired
functional materials based on catechol molecules, which can be found in a wide variety in nature
due to its physicochemical versality. The two vicinal hydroxyls make this moiety ideal for chelates
formation and hydrogen bonding to surfaces, metal ions, or other organic functional groups.[1] An
interesting catecholic biomaterial based on the amino acid L-DOPA is the adhesive protein of
mussels, which is one of the strongest underwater binding agent known.[2] This property, makes
this moiety ideal for coating surfaces used in aqueous media.
This work is focused on the synthesis of a catechol derivative to coat magnetic iron carbide
NP and use them for biological applications. A special characteristic of those NPs is that they lose
energy when they are exposed to an alternating magnetic field. This phenomenon is known as
magnetic hyperthermia and can be applied on biomedicine to destroy some tissues, such as
cancerous ones.[3]

a)

b)

Figure 1. a) Ligand used to coat iron carbide NP contains three differentiated parts with distinct
porpoises. b) NPs coated with the ligand and dispersed in water
The target molecule synthesized (Figure 1a) has three differentiated parts:
I)

The catecholic moiety which is the responsible of the interaction between the ligand
and NPs

II)

The alkyl chain which helps to organise the ligands around the NPs with micelle
structure[3]

III)

The polyethylene glycol (PEG) unit which provides biocompatibility to the NPs

The procedure of coating the NPs by a ligand exchange procedure to disperse them in
water has been studied. Figure 1b shows the preliminary results of the NPs coated with the
synthesized ligand displaying a good dispersion in the media.
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Nanotheranostic agents with simultaneous monitoring and therapeutic capabilities have a
key role in the fight against cancer. Nanostructured systems created by self-assembly of
photophysically active molecules have furthered the efficacy of phototherapies by overcoming
some of the current problems of photodynamic/photothermal therapies (PDT/PTT).[1]
An important advantage of therapeutical approaches based on self-assembly is their great
potential to build smart photosensitisers (PS). By controlling non-covalent interactions between
components, assembled nanoparticles (NP) can achieve precise targeting and enhanced therapy
based on their reversible assembly/disassembly process. With intelligent monomer design, a
partial disassembly of the nanostructures into the more hydrophobic medium inside the cells
results in the recovery of their photophysical activity (previously cancelled in the assembled
state),[2] leading to a combination of photodynamic and photothermal therapy that can
dramatically improve anti-tumour efficacy.[3]
Phthalocyanines (Pcs) are frequently used as PS and, more recently, as promising
photothermal agents due to their unique photochemical and structural characteristics. By tuning
their structure, they can be programmed to self-assemble in aqueous media. Binaphthyl-bridged
AABB Pcs previously reported in the group are representative examples of amphiphilic PS
capable of forming highly stable NPs with PDT abilities.[4]
We have designed and prepared different binaphthyl-bridged AABB Pcs with different
hydrophilic substituents, programmed to spontaneously aggregate in aqueous media, forming
stable spherical NP in the 10-50 nm scale. Biological assays indicate that the NP penetrate into
cell, where remain partially assembled rendering: i) high temperature increase after laser
irradiation (i.e. PTT), and ii) singlet-oxygen generation abilities (i.e. PDT).

Figure 1: AABB Pcs structure and representation of different aggregation modes (nanofibers or
nanospheres)
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Abstract:
In the last decades, infections caused by ESKAPE pathogens are causing a great concern in
hospital settings [1]. The preferred route of transmission of these pathogens is contact with
contaminated surfaces. One of the strategies proposed to deal with these microorganisms is the
antimicrobial photodynamic inactivation (aPDI), which involves the generation of reactive oxygen
species through the activation of a photosensitiser by the effect of light at an appropriate
wavelength [2][3].
In the research here presented, a series of poly(2-hydroxyethyl methacrylate) (PHEMA)
films loaded with Rose Bengal (photosensitizer) have been synthesized and subsequently
characterized by Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy (ATRFTIR), Thermogravimetric Analysis (TGA) and UV-vis Absorption Spectroscopy. The generation
of singlet oxygen by these polymeric materials upon illumination was evaluated by monitoring the
photooxidation reaction of 9,10-dimethylanthracene (DMA), using UV-vis spectroscopy as a tool.
It has been found that the synthesized polymers are efficient generators of singlet oxygen and
the effect of Rose Bengal concentration has been studied. Additionally, the irradiation of the
photoactive materials inhibited the growth of gram negative bacteria Pseudomonas aeruginosa
reaching a notable decrease of bacterial population (99.999999 % reduction) upon exposure to
72 J/cm2 (15 min. of irradiation with white light). Remarkably, the addition of potassium iodide
enhanced remarkably the efficiency of the process, since the same photobactericidal effect
occurred at a much lower energy dose (24 J/cm2 or 5 min. of irradiation). The action of iodide has
been reported previously for a series of soluble sensitizers but not using a polymeric system like
the ones reported.
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INTRODUCTION
A key challenge for any medical field remains how to deliver drugs to the desired site of action to
achieve optimal outcomes while minimizing unwanted side effects. The design of novel
polypeptide-based drug carriers represents an opportunity to improve the treatment of diseases
with unmet clinical needs (such as neurodegenerative diseases[1] and cancer) by altering
pharmacokinetic and pharmacodynamic properties to improve patient outcomes.[2-4] Specific
alterations to the amino acids composition of polypeptides can improve diversity and generate
materials with inherent therapeutic activities, which may trigger synergism with conjugated anticancer or neurodegenerative disease-targeted drugs. For example, Copaxone®, a first-line
treatment for multiple sclerosis, was developed with selected amino acids to act as a polymeric
drug.[5],[6] For this reason, we designed polypeptide-based drug carriers using different
architectures and derivatized them with various amino acid moieties to explore any influence on
the biological output. We anticipate that derivatized polypeptides will modulate cancer metabolism
or the metabolic pathways involved in neurodegenerative disease development.
RESULTS AND DISUSSION
We have recently completed the synthesis and characterization of a first family of polypeptides;
furthermore, biological evaluations of polypeptides in preclinically relevant cell models have
revealed promising structure-activity relationships.
REFERENCES
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[3] Aroa Duro-Castano, María J. Vicent. et al., Mol. Pharmaceutics., 2015, 12, 3639-3649.
[4] Melnyk, T. et al., Adv. Drug Delivery, 2020, 160, 136-139.
[5] Bert A.’t Hart. et al., EBioMedicine, 2021, 68, 103392.
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The incorporation of biomacromolecules onto silica and silicon-based materials for
waveguiding is nowadays a scientific milestone that points towards advanced biosensing systems
in many fields of interest such as diagnostics. This communication focuses on the integration of
one-dimensional periodic assemblies of proteins on the surface of micrometric silicon-based
waveguides for transducing biorecognition events. We have demonstrated that these protein
patterns act as Bragg gratings that diffract the guided light, and this phenomenon can be exploited
to quantify biorecognition assays based on the change of the intensity of the reflected light (Figure
1).[1]
Herein we present these new materials for biosensing, describe their design, and
summarize our recent results to explore their potential for developing biochemical applications.
The study demonstrates the concept with a representative immunoassay to quantify
immunoglubulins G and assesses the role of the main physicochemical parameters by both
experimental results and theoretical calculations. Custom setups were developed to create the
periodic protein patterns and measure their optical response, and all the experimental findings
are supported by topographic and optical characterizations along the different stages of the
biorecognition patterns. Among other interesting features, this system has demonstrated great
capabilities to set up miniaturized and integrated biosensors for label-free analysis, with a unique
potential to avoid the classical problems associated to non-specific binding in the analysis of
complex biological samples.
This work was funded by the E.U. FEDER, the Spanish Ministry of Economy and
Competitiveness (grants AdBiHol-PID2019-110713RB-I00, TEC2016-80385-P, and PID2019104276RB-I00)
and
Generalitat
Valenciana
(grants
PROMETEO/2020/094,
PROMETEO/2019/048, and PROMETEO/2017/103).

Figure 1. General scheme of biosensing principle.
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Near-infrared (NIR) radiation is a stimulus of great interest in biomedical field when compared to
UV or visible light due to its higher penetration and lower damage on biological tissues. In
particular, NIR-absorbing metallic nanomaterials can be applied in photothermal therapy,
minimizing systemic adverse effects by taking control of where and when the therapeutic
intervention takes place. Recently, the photothermal properties of NIR-surface plasmon
resonance of Pd-nanosheets have been reported of interest in nanomedicine. [1] On the other
hand, block copolymers (BCs) are able to self-assemble in aqueous solutions into different
structures at the nanoscale. These nano-objects are more stable than the ones formed by
surfactants and can be employed in biomedical applications such as encapsulation of molecular
cargoes of interest, including metallic nanomaterials.
In this work, we aimed the preparation of hybrid materials consisting of Pd nanosheets inside
polymer nanoparticles by microfluidics, which is an easy, fast and reproducible methodology. [2]
For this purpose, an amphiphilic BC was synthesized by RAFT polymerization, with a hydrophilic
block of poly(ethylene) glycol (PEG), and a hydrophobic block of polymethacrylate chain with
pendant 2,6-diacylaminopyridine (DAP) units (Fig. 1a). Self-assembly of this BC by microfluidics
was optimized and this technique was also employed for encapsulating a palladium precursor
into polymeric nanoparticles, which was subsequently reduced in situ to Pd nanosheets (Fig. 1b).
This is the first report on the direct preparation of Pd nanosheets inside of BC micelles. The
response of these Pd-polymeric nanoparticles to 808 nm light and their photothermal properties
were studied. The cytotoxicity of polymeric and Pd-polymeric nanoparticles and their influence in
cell cycle and apoptosis were also evaluated on five different cell lines. Besides, the selective
photothermal ablation once the Pd-polymeric nanoparticles were internalized into cells was tested
(Fig. 1c).

Figure 1. a) Molecular structure of the BC synthesized. b) TEM image of Pd-polymeric
nanoparticles. c) B16F1 cell treated with Pd-polymeric nanoparticles before (left) and after (right)
NIR irradiation. Live cells are shown in green and dead cells in red.
Acknowledgements: Financial support from MINECO (project number MAT2017‐84838‐P),
Gobierno de Aragón (project number LMP93-21) and FEDER is gratefully acknowledged. M.
Abad acknowledges Gobierno de Aragón-FSE for her PhD grant.
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The global pandemic COVID-19 caused the need for fast and sensitive detection methods
to prevent the disease. In this regard, we have developed new molecular detection methods
suitable for fast point-of-care applications. One of our approaches is based on gold nanoparticles
(AuNP) functionalized with oligonucleotides modified with a cholesterol moiety (Figure 1A). With
this system we were able to detected several regions of the virus (E, R and S) and even single
point mutations in one hour. Another approach exploits the RNAse activity of LwaCas13a protein
(Figure 1B). With this approximation, we can distinguish two regions (R and S) in 30 minutes. In
both systems, an aggregation of AuNP takes place, which can be easily visualized by the naked
eye (Figure 1C). Remarkably, both approaches were able to detect the presence of the SARSCoV-2 RNA from nasopharyngeal samples of infected patients.

Figure 1. A) Stable gold nanoparticles with molecular beacon with cholesterol. In the presence
of SARS-CoV-2 molecular beacon, the cholesterol is exposed, and the particles are
aggregated. B) Stable solution of inactive protein plus nanoparticles with RNA linked. In the
presence of SARS-CoV-2 the protein is actived and produces the gold nanoparticle aggregation
due to the RNA cut from the particle surface. C) Stable gold nanoparticles and the particles
aggregation after the RNA virus addition.
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Supramolecular hydrogels, which have been an exciting research topic in recent years, are
constructed by the combination of non-covalent bonds such as hydrogen bonds and hydrophobic
forces.[1] Understanding and optimizing the aggregation behaviors of supramolecular hydrogels
at different length scales, which have become one of the most promising materials for modern
biomedical applications, are the most critical points to ensure the gels' applicability in the desired
system.[2][3] In this study, we have focused on understanding the characteristics of fibrillar
networks of self-assembled supramolecular hydrogels based on short peptides, depending on
different pH values and the hydrophobicity of the molecule.

Figure 1: Gel forms of short peptides in distilled water
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Nanotechnology has become very attractive for its applications in different fields,
comprising biology, medicine, and oncology, since cancers are still the second cause of morbidity
and mortality in western countries, and thus require new therapeutic strategies. In this context,
magnetoliposomes (LP-BMNPs), i.e, liposomes containing biomimetic magnetic nanoparticles
(BMNPs) are particularly interesting as they can be functionalized with targeting agents such as
monoclonal antibodies (mAb) and can be manipulated by an external magnetic field, besides
being multifunctional highly biocompatible platforms. They can be considered successful
doxorubicin (DOXO) nanocarriers allowing a targeted chemotherapy driven by mAb [1] and by
gradient magnetic field (GMF) and moreover, when they are exposed to an alternating magnetic
field (AMF), they can develop hyperthermia [2], mediating thermoablation of tumor cells, which
are more sensitive than healthy cells to heat.
Herein, BMNPs were synthetized in presence of the MamC protein from Magnetococcus
marinus MC-1 [3], functionalized with DOXO and then encapsulated in liposomes obtaining LP(+/-DOXO)-BMNPs. DO-24 mAb directed against the ectodomain of the human Met/HGF receptor
(overexpressed in many cancers) was then covalently bound on the surface of magnetoliposomes
to drive the active and specific targeting of mAb-LP-(+/-DOXO)-BMNPs.
Nanocomplexes were extensively characterized [transmission electron microscopy
analysis (TEM), hydrodynamic radius, ζ-potential, Fourier-transform infrared (FTIR), colloidal
stability and specific absorption rate (SAR)] and it was shown that their effective functionalization
with the different moieties did not alter the structural-functional properties of the BMNPs. In vitro
biological tests were then performed: biocompatibility was analysed by MTT assay and both LPBMNPs and mAb-LP-BMNPs were found to be not toxic to cells while the DOXO-nanocomplexes
exerted cytotoxicity. The mAb bound to LP-(+/-DOXO)-BMNPs maintained its
immunocompetence, since it was able to recognize in immunoprecipitation and Western Blot a
band of 145 kDa, corresponding to the Met β-chain only in detergent extracts from Met/HGF
receptor expressing cells (GTL-16 cells), but not in extracts from cells not expressing this receptor
(Huh7 cells). The specificity of the mAb-dependent interaction of nanocomplexes with cells
expressing the Met receptor was confirmed also by iron quantification and confocal microscopy
experiments. All these data confirm the specificity of the DO-24 mAb functionalized LP-(+/DOXO)-BMNPs and, having validated its targeting activity in vitro, open new perspectives for
further studies in the use of LP-BMNPs as multifunctional carriers for in vivo tumour targeting.
This discovery paves the way for the development of powerful promising approaches for
cancer therapy suggesting a tumour multiple attack by different combined strategies: dual tumour
targeting based on mAbs and GMF, and therapy based on drug, hyperthermia and photothermia.
Acknowledgements: FO acknowledges the European Union’s Horizon 2020 under the Marie
Skłodowska-Curie Action-COFUND Athenea3i (grant agreement no. 754446).
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HER2-overexpression has long been associated with worse prognosis for patients
suffering from breast cancer. Nevertheless, the overexpression of this receptor has also allowed
the development of targeted agents that have remarkably improved patient overall survival rate,
like trastuzumab (Tmab), which is usually administered in the clinical setting along with paclitaxel
(PTX). The combination of both compounds has been shown to significantly improve HER2positive breast cancer outcomes but, unfortunately, has significant side toxicity and the apparition
of treatment resistances is more frequent than desired [1].
For this reason, in other to try to overcome these drawbacks, polydopamine nanoparticles
(PDA NPs) (180 nm), which are acquiring an increasing relevance in the nanomedicine field, were
employed as novel Tmab and PTX targeted vehicle in this work. PDA has strong ability to load
drugs, so the anti-HER2 antibody and the taxane were directly incorporated to the NPs
synthesized with 2-propanol once characterized [2]. Besides, Tmab was also covalently bound to
PDA NPs by means of the carbodiimide chemistry to compare the results obtained following both
conjugating strategies [1]. Then, the antitumor activity and selectivity of both types of loaded NPs
were validated in vitro with different human HER2-overexpressing tumour cells (BT474 and
SKBR3 cells) and stromal cells (HS5 cells). As a result, both types of PDA NPs carrying Tmab
and PTX proved to have noticeable antitumour activity, reducing breast cancer cell viability to 1023% after 72 hours after inducing them to apoptosis. In addition, they were more selective than
the parent drug, especially those NPs in which Tmab was covalently incorporated. Thus, these
NPs decreased the viability of the stromal cells between 25-34% less in comparison to PTX free
administration. Moreover, when validated in HER2-overexpressing breast tumour spheroids,
Tmab and PTX-loaded PDA NPs maintained their therapeutic effect, causing the disintegration
of these cellular structures, as shown by SEM [3]. Therefore, in this way, this novel Tmab and
PTX nanocarrier system may represent a great approach to reduce the severe side effects of
current HER2-positive breast cancer therapies while reducing the probability of the apparition of
treatment resistances if positive results are also obtained when validated in the near future in
vivo.
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Tissue regeneration is a spontaneous body’s response to injuries orchestrated by several
biological components. Although the excellent capability of our body to repair damaged tissues
under pathological conditions, the healing process is sometimes impaired[1]. Therefore, the
development of novel biomaterials[2] and drug delivery systems[3] have attracted attention to assist
the natural inflammatory response. In our work, we designed polymer-based microcapsules with
antioxidant and anti-inflammatory properties with the aim of reducing the oxidative stress and
attenuate the pro-inflammatory milieu in the infarcted microenvironment.
The fabrication of polymer capsules has been performed using the layer-by-layer (LbL)
approach on CaCO3 microparticles as sacrificial template, by alternating positively and negatively
charged polypeptides [poly-L-lysine (PLL) and poly-L-glutamic acid (PGA)] up to six layers. We
developed three different formulations of capsules containing Curcumin (CUR) as hydrophobic
drug to confer anti-oxidant and anti-inflammatory properties to our systems. In two cases, we
encapsulated the drug in the template by co-precipitation and post-encapsulation methods. While,
in the third case, we covalently conjugated CUR to PGA to use it as a constituent of the multilayer
membrane of the polypeptides-based microcapsules (Figure 1A).
We firstly defined our carrier systems confirming the success of the LbL process through
the typical zigzag trend of the ζ-Potential values (Figure 1B). In vitro studies with H9c2 cells
corroborated the biocompatibility of our carriers for both positively- and negatively-ended
capsules after the core removal (Figure 1C-D). Moreover, a high encapsulation efficiency was
observed after the synthesis of the template following the two methods. The conjugation of CUR
to PGA, confirmed by 1H-NMR, UV-VIS and GPC, also allowed to enhance the solubility of the
drug. Therefore, the three designed formulations could enhance the bioavailability of CUR paving
the way for the development of
promising
drug
delivery
candidates with controlled
drug release rate.
Figure 13. A) Scheme of the
three formulations of polymer
capsules under study. B)
Trend of ζ-Potential after the
LbL procedure. C) SEM
images of polymer capsules
before (a) and after (b) core
removal. Scale: 1 µm. D)
Metabolic activity of H9c2
cells after 24 and 48 h
incubation with positively and
negatively charged capsules.
We gratefully acknowledge
financial
support
from
MINECO RTI2018-098951-BI00 and PIBA 2020_1_0056
projects.
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MicroRNAs are small RNAs that regulate the expression of their target genes by reducing
the expression of the proteins encoded in the genes by repressing translation and/or degradation
of their microRNAs.[1] MicroRNAs play a fundamental role in virtually all cellular processes,
including development, function, and survival. Recent studies have established microRNAs as
critical regulators of immune tolerance and autoimmunity. These findings have revealed miRNAs
as potential new therapeutic targets for the treatment of multiple diseases in the future. [2]
The objective of this project is to develop a sensor for the detection of multiple microRNAs
involved in pancreatic cancer. This idea arises from the fact that changes in the expression of
these biomarkers have been found in various diseases (cancer, liver damage and heart disease),
with alteration of their levels in plasma, serum, urine and saliva. [3]
The sensor to be designed transduces the hybridization of small DNA and RNA
oligonucleotides in carbon nanotube photoluminescence spectral changes. We will determine its
mechanism of action through experiments and molecular dynamics simulations that will offer a
competitive response to local dielectric and electrostatic factors. [4]
The preliminary experiments have been focused on the optimization of the interaction
between the SWCNT and oligonucleotides. Optimization studies have included the evaluation of
different oligonucleotide-SWCNT constructions, binding domains, SWCNTs stabilizers,
concentration, etc.

Funding: This research was funded by the Spanish Ministry of Economy and Competitiveness
(SAF2017-87305-R, PID2020-119352RB-I00), Comunidad de Madrid (IND2020/IND-17517), and
‘Severo Ochoa’ Programme for Centres of Excellence in R&D (CEX2020-001039-S).
Notes and References
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P.S. Mitchell, R. K. Parkin, E. M. Kroh, et al. Circulating microRNAs as stable blood-based
markers for cancer detection. Proc Natl Acad Sci U S A. 2008;105(30):10513-10518.
N. Sapre, G. Macintyre, M. Clarkson, et al. A urinary microRNA signature can predict the
presence of bladder urothelial carcinoma in patients undergoing surveillance. Br J Cancer.
2016;114(4):454-462.
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The usage of solid scaffolds as supports for biomolecules can be crucial for their
widespread application in pharmaceutical and chemical processing, as these matrixes confer
stability towards harmful conditions. In the last years, different Metal-Organic Frameworks
(MOFs) have been explored as supports, resulting excellent candidates for the immobilization of
biomolecules[1] owing to their physico-chemical stability, their convenient biodegradability and
the possibility of synthesis under biocompatible conditions. This last trait opens the possibility to
the so called in-situ synthesis, that consists on the spontaneous assembly of protective MOF
coatings onto the biomolecules. This strategy has been shown to depend on the effective
interaction between the MOF precursors, mainly the metal cation, and the biomolecule surface,
in some cases being hampered by its surface electrostatics.[2]
Herein, we present a general in situ biomolecule encapsulation using a biocompatible
MOF, the mesoporous trimesate iron-based MIL-100(Fe) material. We demonstrate that MOFs
based on cations exhibiting considerable inherent acidity are suitable for biomolecule
encapsulation regardless of their surface nature. MIL-100(Fe) scaffold retains protein activity and
permits release under biocompatible conditions, allowing their use in desired biological
applications.
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[3] J. Cases and M. Giménez-Marqués. Boosting the in situ encapsulation of proteins with MIL100(Fe): the role of strong Lewis acid centers. DOI: 10.26434/chemrxiv-2021-5c1cs.
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2D-2D COVALENT HETEROSTRUCTURES: HIGH-THROUGHPUT
ON-DEVICE CONNECTION OF MOS2 AND GRAPHENE
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The most widespread method for the synthesis of 2D-2D heterostructures is the direct
growth of one material on top of the other. Alternatively, one can manually stack flakes of different
materials. Both methods are limited to one crystal/device at a time and involve interfacing the 2D
materials through van der Waals forces, to the point that all these materials are known as van der
Waals heterostructures[1]. Synthetic chemistry is the paradigm of atomic-scale control, yet its
toolbox remains unexplored for the construction of 2D-2D heterostructures.
Here, we describe how to covalently connect 2H-MoS2 flakes to several single-layer graphene
field-effect transistors simultaneously, and show that the final electronic properties of the MoS2graphene heterostructure are dominated by the molecular interface. We use a bifunctional
molecule with two chemically orthogonal anchor points, selective for sulfides and carbon-based
materials[2]: On one hand, we exploit the chemistry of maleimide described by our group to
functionalize sulfide-based materials under mild conditions[3]. On the other hand, we use a
diazonium salt, which is the most common method for the covalent modification graphene. The
solvents play a key role to activate a specific part of the molecule for the covalent anchoring.

Figure 1: Experimental procedure for the production of MoS2@Graphene covalent
heterostructures.
In order to measure the electrical properties of the heterostructure, we have fabricated a number
of f-MoS2@graphene field effect transistors (FET) on Si/SiO2 substrates. The electronic properties
of the functionalized devices are dominated by the chemical interface, resulting in
p-doped
devices in which the charge mobility is conserved after reaction, and the degree of doping can be
controlled by increasing the degree of functionalization. The results described here show the
power of the chemical approach to build functional 2D-2D heterostructures beyond van der Waals.
This
work
is
currently
accepted
for
publication
at
Nature
Chemistry
(10.26434/chemrxiv.14614032.v1).
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One of the most recent strategies to enhance the electrode performance is preparing
composite materials leading to an increase of the triple-phase-boundary (TPB) length. In this
work, thin films VANs based on (La0.8Sr0.2)0.98Fe0.8Ti0.2O3−δ-Ce0.9Gd0.1O1.95 (LSFT-GDC) deposited
by PLD were obtained for their use as functional layers in Solid Oxide Fuel Cells (SOFCs).
EXPERIMENTAL/THEORETICAL STUDY
LSFT-GDC and LSFT films were deposited onto STO, YSZ and LSAT (001) single cristals
at 650 ºC in a surface PLD. The crystal structure and microstructure of the active layer were
characterized by XRD, AFM and electron microscopy techniques. In-plane conductivity of the
samples was studied by four-probe Van der Pauw method to obtain the total conductivity of the
samples.
RESULTS AND DISCUSSION
XRD patterns revealed that two different crystalline phases are clearly discernible. In
addition, the cell parameters of the LSFT and CGO phases are similar to those reported for thein
the literature. It has to be noted that an epitaxial growth on the (001) direction for both phases
was observed for the samples deposited on STO and LSAT. STEM image and EDS elemental
mapping showed alternant nanocolumns of 5 nm of each phase and HR-TEM images confirmed
that the columns are well defined and showed high crystallinity (Fig. 1).

HAADF

Ce

LSFT GDC

Fe

Fig. 1 HR-TEM images of the LSFT-GDC vertically aligned nanocomposite electrodes.
The area specific resistance (ASR) of the electrodes in symmetrical cells was determined
by impedance spectroscopy in air, diluted and pure hydrogen obtaining ASR values as low as 1
Ω·cm2 at 650 ºC in air, being these values one of the lowest reported for thin films for SOFC
applications.
REFERENCES
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Confined and compartmentalized environments, such as enzyme pockets, bilayer
membranes, micelles, vesicles, cells or bioorganic frameworks, are one of the main mechanisms
used by nature to perform chemical reactions in mild conditions with kinetic and selective control.
These almost impossible to imitate in a laboratory are mainly due to the optimal molecular
alignment and restricted motion of reagents molecules compared to those found in bulk solution.
This idea underlies the various advances in artificial nano and microreactors based on selfassembled supramolecular systems that mimic natural environments such as organelles. With
this background, the use of confined systems, for example, gels as a reaction medium for visible
light photoredox catalysis has a great potential to carry out activations of some bonds, offering
certain advantages over other photocatalytic protocols, since they can improve the absorption of
light or increase the lifetime of redox intermediates. Within this context, we will present a summary
of the main results obtained using gels as reaction media for different photo-induced reactions
such as reductions, oxidations, cycloadditions, couplings, among others. We will make special
emphasis on the use of gel-based materials as a general reaction medium to achieve photoredox
catalysis through two-photon processes using visible light under aerobic conditions.
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Polycyclic Aromatic Hydrocarbons (PAHs) have been studied for many decades due to their
unique physical properties. In recent years, the discovery of more structurally diverse PAHs with
tunable optoelectronic properties have attracted further attention from researchers across the
scientific community, prompting their implementation in numerous emerging technologies. [1]
Chiral PAHs are of particular interest as functional organic materials since they can exhibit
additional properties such as circularly polarized luminescence (CPL). These molecules must
adopt locked helical or twisted structures to allow the formation of distinct enantiomers, and thus
their synthesis is frequently greatly challenging. Furthermore, the asymmetric synthesis of such
compounds is seldom found in the literature, and the state-of-the-art approach consists in the
separation of both enantiomers via standard analytical methods such as chiral HPLC. [2]
We are currently exploring the unprecedented asymmetric synthesis of chiral N-doped double
helicenes based on sterically hindered tetraaryl[3,2-b]pyrrolopyrroles. We aim to employ transition
metal-catalyzed atropoenantioselective C-H activation as the key chirality inducing step in this
synthesis. To accomplish this, several different approaches are envisioned consisting of chiral
sulfoxide-directed asymmetric arylation, copper-catalyzed atropo-enantioselective arylation, and
palladium-catalyzed enantioselective intramolecular direct arylation of pyrrolopyrrole precursors.
[3,4]
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Colloidal lead halide perovskites (LHPs) are relatively new semiconductor materials which
are attracting great interest due to their outstanding optoelectronic properties.[1] The most studied
materials present the APbX3 formula, where A is a small-sized organic or metal mono-cation and
X is a halide anion and present a three-dimensional (3D) inorganic framework.[2] LHPs can also
be prepared with other stoichiometries and different morphologies.[3]
Here, the preparation of highly (photo)chemical and colloidal stable hybrid LHP nanosheets (NSs)
of ca. 7.4 m lateral size and 2.5 nm quantum well height (thereby presenting a deep blue
emission at ca. 440 nm) is reported for the first time. The NSs are close-lying and they even
interconnect when deposited on a substrate (Figure 1). Their synthesis is based on the use of the
p-toluenesulfonic acid/dodecylamine (pTS/DDA) ligands pair and their (photo)chemical stability
and photoluminescence is enhanced by adding EuBr2 nanodots (EuNDs). Other stabilization
methods were tested to stablish which is the better way to obtain stable NSs.[5]

b)

a)

Figure 1. a) TEM image of LHP@DDA/pTSEuNDs NSs; inset: size distribution and
colloidal dispersion under UV light. b) Chemical stability over the course of 8 h in air; inset:
normalized absorbance (t= 0 and 8 h).
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2D-Pnictogens (P, As, Sb and Bi) have gained increasing attention due to their
semiconducting behavior, with thickness-dependent band gaps that can be modulated by strain,
doping or chemical functionalization, which can be useful for fabricating optoelectronic devices.
Additionally, these 2D-materials offer unique photonic, catalytic, magnetic, and electronic
properties.[1,2] Within this group, antimonene shows exceptional physico-chemical properties.
Although some of its theoretically-predicted remarkable properties have already been
experimentally demonstrated, others remain a challenge to corroborate because of the absence
of a suitable synthetic method to produce the required high-quality material.[3] Antimonene can be
isolated using top-down and bottom-up approaches.[4,5] A new bottom-up approach has been
recently reported, involving a solution phase synthesis of well-defined hexagonal few-layer
antimonene via anisotropic growth,[6] which has facilitated large-scale production of this material.
In this context, we optimized the synthetic parameters for the production of high quality few-layer
antimonene hexagons, and their implementation in a large-scale manufacturing process under
continuous-flow conditions to pave the way for optoelectronic device fabrication.[7] Furthermore,
we have recently developed a novel synthesis of anisotropic few-layer bismuthene hexagons
based on colloidal chemistry showing outstanding electronic properties.[8]
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Nowadays, there is a particular interest in the synthesis of chiral non-planar
nanographenes due to their unique properties in comparison with their planar counterparts. One
of their greatest attractions is their chiroptical properties, which may be implemented in organic
electronics as long as these distorted nanographenes are stereochemically rigid with high
configurational stability. In addition, if they are doped with nitrogen atoms, they will take advantage
of the ability of the nitrogen to coordinate with metals, be sensitive to pH and its redox modulation.
Thus, it might allow the development of new applications.
Herein, we present three new families of hexa-peri-hexabenzocoronene (HBC)-based
helical nanographenes incorporating π-extended carbo[5]helicenes. The first family bears
octagonal carbocycles,[1] the second one nonagonal carbocycles[2] and the last one N-doped
octagonal carbocycles. For the first time, the mentioned rings become a constituent of both a
carbo[5]helicene and a HBC where their negative curvature is responsible for twisting both units.
The inclusion of larger membered rings (n > 7) into these kinds of systems is an unexplored area
where their presence induces remarkable high distortion and rigidity. This allowed us to study
their chiroptical properties. Additionally, the incorporation of nitrogen atoms has let us evaluate
the mentioned abilities of the nitrogen in distorted nanographenes.

Figure 1. Schematic representation of the three families of distorted nanographenes.
References
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Metal-organic frameworks (MOFs) are a class of multifunctional crystalline porous
materials constructed by means of combination of metal ions or clusters and organic linkers,
showing a wild range of potential applications in several fields, like gas storage, separation, or
catalysis, among others[1]. In the field of magnetism, the choice of suitable metal ions and the
possibility of post synthetic metal exchange opens the opportunity to synthesis new magnetic
MOFs with tunable properties[2].
Recently, it was reported a highly stable tetrathiafulvalene(TTF)-based MOF with the
formula Co2(TTFTB) (H4TTFTB = tetrathiafulvalene tetrabenzoic acid), which shows an infinite
benzoate chains (Figure 1a) and a columnar stacks of tetrathiafulvalene cores (Figure 1b). This
MOF represents a permanently porous MOF with high adsorption values as well as high charge
mobility. In addition, the presence of metal cations like Mn2+ and Co2+ suggests that the compound
would exhibit both intrachange and interchange magnetic interactions.
In an attempt to modify the magnetic and conductivity properties of these materials, a
series of homometallic isostructural MOFs have been prepared through the combination of four
different metal elements in varying molar ratios[3]. We will present the synthesis and
characterization of different heterometallic analogues with varied composition. The main
characteristics of this family of compounds will be discussed in this presentation.

Figure 1. Portions of the crystal structure of the heterometallic MOF: a) The infinite helical
carboxylate chains, b) A side view of a helical TTF stack.

[1] Souto, M.; Santiago-Portillo, A.; Palomino, M.; Vitórica-Yrezábal, I. J.; Vieira, B. J. C.;
Waerenborgh, J. C.; Valencia, S.; Navalón, S.; Rey, F.; García, H.; Mínguez Espallargas, G.
Chem. Sci. 2018, 9, 2413–2418.
[2] Rubio-Giménez, V.; Waerenborgh, J. C.; Clemente-Juan, J. M.; Martí-Gastaldo, C. Chem.
Mater. 2017, 29, 6181–6185.
[3] Park, S. S.; Hontz, E. R.; Sun, L.; Hendon, C. H.; Walsh, A.; Van Voorhis, T.; Dincă, M. J. Am.
Chem. Soc. 2015, 137, 1774–1777.
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Curcuminoids (CCMoids) are promising candidates as functional units in molecular
electronics, as it has been demonstrated in graphene electrode-nanogap hybrid devices [1],[2].
Electroburning, the appropriate methodology employed to create 1-2 nm gaps between
electrodes, provides a variety of functional groups at the edges of the graphene electrodes that
hinder the ideal π-π stacking between deposited molecules and the graphene. This prompts us
to design new molecules to maximize the robustness of the device by strengthening these π-π
interactions. The strategy we propose is the synthesis of longer CCMoids, exposed in Figure 1,
containing polycyclic aromatic hydrocarbons (PAHs) or carbon nanotubes (CNTs) that allow the
π-π interactions with graphene electrodes away from their edges, avoiding the inconvenient
terminal reactive groups.

Figure 1. Chemical structure of extended CCMoids with PAHs or CNTs and their deposition
onto graphene electrode-nanogap devices.
Acknowledgements This work was supported by the projects PID2019-108794GB-100
(MCIN/AEI/10.13039/501100011033) and ERC 724981 (Tmol4Trans).
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The application of nanotechnology in medicine is giving promising results towards new
drugs and personalized therapy, thus achieving increased selectivity, drug delivery efficiency,
lower doses, or less side effects. Most recently, Hybrid nanomaterials (NMs) are standing out due
to their major technological potential and multifunctional properties compared to conventional
NMs, based on a single type of material.
Therefore, in this work it is reported the construction and characterization of hybrid NMs
based on drug loaded pH reversible Polymeric Nanogels (NGs) and drug functionalized gold
Nanoparticles (AuNPs).
The pH reversible Polymeric NGs was prepared by Radical Polymeric Emulsion of 1-vinyl
imidazole (1-Vim) or 2-vinyl pyridine (2-VP) derivatives, an Active Compound (AC) with a
therapeutic effect, which also contains a vinyl group, and divinyl-benzene as cross-linker. (Figure
1.) The NG will be designed to possess an expansion-contraction pH characteristic of
carcinogenic extracellular environment. It was loaded with a drug using the procedure developed
by our group [1], followed by drug load and release studies.

Figure 1.
On the other hand, AuNPs with different sizes have also been prepared (12 and 3 nm
among others). First, the NPs surface was functionalized with different thiol-containing anchorage
molecules, which at the same time were attached to a Poliethylenglicol chain, whose function is
to stabilize the NM in physiological conditions (Figure 2). The plasmon resonance and
photoluminescence of the nanomaterial will be measured, as well as the maximum drug load that
the NMs accept without losing its luminescence properties.

Figure 14.
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Starphenes are a star-shaped class of nanographenes with close structural similarity to
acenes. Just like acenes, starphenes possess a low HOMO-LUMO gap and are thus appealing
materials for the application in optoelectronic devices. From a synthetic point of view, these
compounds represent a challenge due to their low solubility and stability, arising from their low
HOMO-LUMO gap and planar structure. Indeed, the purely solution-based synthetic approach is
limited to [10]starphene, while the larger [13]starphene and [16]starphene were reported
combining in-solution and on-surface approaches.[1]
On-surface chemistry is a powerful strategy for the synthesis and characterization of such
elusive and poorly soluble nanostructures, as demonstrated in a wide range of examples.[2] The
desired structures are directly formed on atomically clean metal surfaces and under ultra-high
vacuum (UHV) from appropriately designed molecular precursors. In this communication we
describe the synthesis of epoxystarphenes, as promising precursors for large starphenes, which
are obtained by an aryne-based sequence of Diels-Alder and Pd-catalyzed [2+2+2]
cycloadditions.[3]
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Iron oxide nanoparticles (IONPs) have shown great applications in the medical field as
diagnostic agents, by using them as magnetic resonance imaging contrast agents, and as
therapeutic agents, which could produce heat by application of alternating magnetic fields (also
called magnetic hyperthermia) in those NPs that present ferromagnetic behaviour. Moreover,
IONPs show excellent properties like chemical stability, low-cost production, surface
functionalization, and the possibility to vector a therapeutic molecule to the desired target making
them a valuable alternative to the more traditional materials.
Among the different ways to synthesize IONPs for biomedical applications, the thermal
decomposition method offers the better characteristics in terms of homogeneity, monodispersity,
and shape-size tuning. However, the main backdraw of this method is the synthesis of
hydrophobic particles. For this reason, it is necessary to develop robust and versatile methods to
improve their water solubility.1
In this report, it has been carried out two different methodologies to achieve highly
water stable IONPs :1-The ligand exchange method. This protocol was performed with different
PEGylated ligands varying the anchorage group, which can be either a dopamine derivate or a
phosphonic acid. 2-The encapsulation of NPs. This method was carried out to solubilize IONPs
by using amphiphiles that present a hydrophobic chain as oleic acid, and a polar head based on
TEG. The hydrophobic part interacts with the capping agents of the IONPs displaying the
hydrophilic head to the water medium.
In summary, two different methods have been developed by our group to synthesize
IONPs soluble in water. These functionalized IONPs shown excellent features as MRI contrast
agent and also as a potential therapeutic agent against cancer by the magnetic hyperthermia.

A

B

Figure 1: A) General outline of hydrophilic IONPs synthesized by ligand exchange method and
structure of the different anchorage and spacer groups. B) General outline of encapsulated
hydrophobic IONPs in micelles and structures of the hydrophilic and hydrophobic counterparts.
1 Esther

Pozo-Torres, Carlos Caro, Ashish Avasthi, Jose María Páez-Muñoz, María Luisa
García-Martín, Inmaculada Fernández and Manuel Pernia Leal. “Clickable iron oxide NPs
based on catechol derived ligands: synthesis and characterization” Soft Matter, 2020, 16, 3257
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The thorough control over the synthetic conditions for the preparation of metallic
nanoparticles is essential to achieve the tuning of the shape, size and composition. These
characteristics are intimately related to their optical, catalytic and biological properties. A straight
methodology consists of the mild reduction of organometallic complexes in the presence of
stabilising ligands, which also act as growth directing agents, favouring the anisotropic growth of
new nanostructures. [1,2]
Thus, a heterometallic gold(I)-silver(I) precursor, [Au2Ag2(C6F5)4(Et2O)2]n, in the presence
of oleic acid (OA) leads to the formation of bimetallic wavy nanorods of controlled dimensions.
These new nanostructures have a strong plasmonic absorption in the NIR region, arising from the
longitudinal surface plasmon resonance mode, around 1500 nm. This plasmonic absorption can
be tuned by controlling the nanorod length, which is modified by changing the stoichiometric ratio
between the precursor and the OA growth directing agent. The obtained nanostructures have a
potential interest for their use in different photocatalytic and biological applications (see Figure).
On the other hand, these nanostructures have been functionalized with PEG-SH polymer
or grafted on different substrates, such as the 2D semiconductor carbon nitride (C 3N4) or an
insulator, like silica nanoparticles. The biocompatible functionalization provides the possible
application of these nanostructures in photothermal therapy, whereas the deposition on active
surfaces permits their use in photocatalytic reduction reactions as well as on light-to-thermal
energy applications (see Figure).

References
[1] N. Li, P. Zhao, D. Astruc, Angew. Chem. Int. Ed. 2014, 53, 1756-1789.
[2] J. Crespo, J. M. López-de-Luzuriaga, M. Monge, M. E. Olmos, M. Rodríguez-Castillo, B.
Cormary, K. Soulantica, M. Sestu, A. Falqui. Chem. Commun., 2015, 51, 16691-16694.

1251

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-718

DEVELOPMENT OF MULTICOMPONENT METAL-DNA-CNM HYBRID
NANOMATERIAL
V. K. Abdelkader-Fernández, A. Pérez-Romero, M. A. Galindo and M. J. Pérez-Mendoza
Departamento de Química Inorgánica, Facultad de Ciencias, Universidad de Granada (UGR),
Avenida de Fuente Nueva, s/n, 18071 Granada, España
e-mail: victorkarim@ugr.es
Keywords: carbon nanotubes, functionalization, DNA, metals, oligonucleotides.
The DNA molecule has a fundamental role in biology and living organisms. Nevertheless,
from a chemical perspective, DNA constitutes a unique molecule for developing tailored
nanometric structures. This is due to the possibility of programming its base sequence to give rise
to precise geometries, with sizes ranging from micro- to nanometer scales, its high-water
solubility, and its well-established processability. However, DNA lacks properties such as
photoluminescence or conductivity, limiting its application as a nanotechnological material.
Consequently, scientists have modified the DNA structure to enhance these features, which is
achieved by chemical modification and/or incorporating specific metallic entities. Our group
focuses on this last strategy, developing metal-DNA hybrids with adapted properties.[1]
Our next ambitious scientific and technological challenge consists of assembling metalDNA systems to platforms of technological interest. With this aim, we have focused our efforts on
studying how to support our metal-DNA systems to carbon nanomaterials (CNM) to develop new
DNA-CNM-based materials with enhanced photoelectrochemistry and photovoltaics electronics
applications. Thus, a crucial first stage for developing this type of advanced nanomaterials is
anchoring DNA sequences to the carbon material surfaces and their subsequent functionalization
with metal ions (Figure). Therefore, in this communication, we present our results on binding short
DNA sequences to multiwalled carbon nanotubes (MWCNTs) by a covalent approach and their
subsequent functionalization with metal ions to form hybrid multicomponent metal-DNA-CNT
nanomaterial.

Figure. Scheme of formation of CNT-DNA-hybrids using a covalent conjugation and subsequent
metal ion functionalization.
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Explosives obtained from readily available starting materials, for example triacetone
triperoxide (TATP) or hexamethylene triperoxide diamine (HMTD), have encouraged the
development of equipment for the detection of improvised explosives devices (IEDs), which has
become a key aspect of many people's daily lives. TATP detection usually takes place by mass
spectrometry or multiphoton spectroscopy, techniques that require heavy and very sophisticated
equipment. However, vapour detection of TATP using colorimetric or fluorescence techniques is
characterised by very low limits of detection, high selectivity and immediate results.
For this purpose, a compound (SL-739) consisting of
selenocysteine, which works as a fluorescence modulator, linked to a
coumarin structure, which is known to perform well in the development
of chemosensors (Figure 1) was adsorbed on nanoparticles of different
nature (silica, anatase and hybrid silica/anatase) in order to test which
is the most suitable material for the development of a TATP sensor.
Each of these materials was studied in the presence and absence of
TATP vapour, obtaining a larger variation for the hybrid silica/anatase
nanoparticles.[1]

Figure 1. Titration curves of SL-739 with
increasing amounts of TATP in the
vapour phase

Figure 1. SL-739
compound

In the last place, a detailed study of the fluorescence
variation of the SL-739 compound adsorbed on the hybrid
silica/anatase nanoparticles, exposed to increasing
amounts of TATP, was carried out (Figure 2). A high
sensitivity was observed at very small amounts of TATP in
the vapour phase, followed by a decrease in sensitivity at
slightly higher amounts and, finally, an increase and
stabilisation of the fluorescence at even higher amounts of
TATP vapour. Therefore, it can be stated that a chemical
sensor sensitive to low concentrations of the analyte in air
has been developed.
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Molecular Magnetism is a multidisciplinary field that studies the magnetic behavior of
molecular entities. One of the main tasks of this field is to prepare molecules that act as magnets,
these molecules are called single molecule magnets (SMMs).[1,2] SMMs are molecules capable of
retaining magnetization in the absence of magnetic field. This line of research opens great
expectations, since SMMs could have a relevant role in technological applications and they can
be combined in multifunctional materials with other molecular properties of interest, such as
photochemical or conductive properties.[3] Magnetic molecules with long spin coherence times
are potential candidates to act as qubits in Quantum Computers.
The spin of SMMs has a preferential orientation that can be fixed by an external magnetic
field. If such field is suppressed, the spin remains a period in such direction (coherence time).
This is due to the intrinsic anisotropy of the molecule.[4] Spin relaxation can occur by various
relaxation mechanisms: Orbach, Raman, direct, local mode and Quantum Tunneling of
Magnetization (QTM), the first four terms are spin-phonon type mechanisms and the latter to spinspin. Ferrocenium is a low spin molecule with S=1/2, which has considerable magnetic anisotropy
due to the E2g ground state. This metallocene relaxes its spin mainly by QTM at zero field.[5] This
relaxation is very fast and there are several strategies to try to decrease it and to have longer
coherence times. The most used one consists of decreasing the dipolar interactions that favor it
by means of magnetic dilution in solid state or solution.
In this work, a new strategy has been used to perform magnetic dilutions: the
encapsulation of a SMMs to isolate the molecule and improve its magnetic properties. That is,
ferrocenium has been introduced in a diamagnetic macromolecule, in this case in a curcurbit[n]uril
(Figure 1) to reduce the dipolar interactions and to change the vibrational spectrum of the
molecule, and consequently, the spin-phonon relaxation mechanisms.

Figure 1. Encapsulation of ferrocenium in a curcurbit[7]uril.
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Since the first proposal of the structure of benzyne, a wide variety of carbocyclic and
heterocyclic arynes have been described.[1] While the generation of six-membered arynes has
been firmly established and exploited in organic synthesis, the formation of five-membered
heterocyclic arynes remains as an unsolved challenge.[2]
In this context, we have recently reported the synthesis of 2-(trimethylsilyl)thiophen-3-yl
triflate and the study of its performance as a Kobayashi-type precursor of 2-thiophyne. However,
computational and experimental studies, including the isolation and characterization of
unexpected intermediate products, ruled out the formation of the hetaryne, revealing instead an
unprecedented mechanism involving the generation and subsequent reaction of a ketocarbene
intermediate.[3]
Herein we report the results of an extension of this project, involving the attempted
generation of 2-benzo[b]thiophyne (Figure 1). A DFT computational evaluation of the influence of
different parameters, such as functionalization or extension of the heteroaromatic core, on the
outcome of the reaction will also be disclosed.

Figure 1
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FAST A-SITE CATION CROSS-EXCHANGE AT ROOM TEMPERATURE:
SINGLE-TO DOUBLE- AND TRIPLE-CATION HALIDE PEROVSKITE
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In recent years lead halide perovskite nanocrystals (LHP NCs) have undergone a fast
development owing to their fascinating optical and electronic properties.[1] The optical properties
of LHP NCs are tunable by controlling the halide compostion that is easily controllable through
post-synthetic halide exchange reactions. In general, these halide exchange reactions allow the
precise control of the mixed anion composition of the NCs that may be difficult by direct synthesis
methods.[2] This postsynthetic treatment has been specially studied to tune NC bandgap.
However, its counterpart A-site cation exchange reaction remains largely unexplored to date.
In this work, we report the fast A-cation cross-exchange between different A cation APbX3 LHP
NCs (where, A=(Cs (Cesium), FA (formamidinium), and MA (methylammonium), X=Cl, Br or I).
Interestingly, we found out that the kinetic of the interparticle A-cation exchange reaction is
comparable to its analogous halide exchange. The controlled interparticle exchange reactions
carried out under different ligand environments revealed that the A-cation cross-exchange is
triggered by the free A-oleate complex molecules present in the freshly prepared colloidal
perovskite NC solutions. The post-synthetic reaction enabled the preparation of double (MACs,
MAFA, CsFA)- and triple (MACsFA)-cation perovskite NCs with an optical bandgap that is finely
tunable by their A-site composition. The optical spectroscopy analysis together with structural
analysis using XRD and atomically resolved high angle annular dark-field scanning transmission
electron microscopy (HAADF‐STEM) indicates the homogeneous distribution of different cations
in the mixed perovskite NC lattice. Surprisingly, unlike halide ions, the A-cations do not phase
segregate under light illumination. Furthermore, we demonstrate the preparation of triple-cation
mixed halide perovskite NCs with fine-tuning of their emission across the visible spectrum of light.
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FLAVYLIUM CATION EXPRESSION ON SURFACE OF CARBON DOTS:
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To further clarify the fluorescent emission mechanism of carbon dots (CDs). CDs with
chemically homogeneous surface functional groups were synthesized from an extract of black
carrots, rich in anthocyanins, by its hydrothermal treatment with trifluoroacetic acid(1). The
approach was designed to minimize the dependence of fluorescence emission of CDs on an
excitation wavelength. The surface chemical composition of spherical nanoparticles was analyzed
by XPS. The results showed the presence of carbonyl (C=O) and hydroxyl (C-OH) groups on the
surface, indicating the presence flavylium cation formed in acidic pH. Fluorescence emission
spectra showed an independence on an excitation energy. The experimental data supported by
DFT calculations suggested that a different mechanism from that of a proton transfer in the exited
state explained the observed behavior of the carbon dots tested. Since the excitation energy was
too low to lead to the proton transfer it was proposed that an internal conversion of energy
governed the fluorescence process.

Figure 1. (A) TEM image of CDs synthesized from black carrot with diameter around 30 nm;
(B) TEM 3D representation of CDs
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Photodynamic therapy (PDT) allows the selective, non-invasive and localized destruction of tumor
cells, with reduced side effects. This therapy combines light, molecular oxygen and a
photosensitizer (PS) to produce reactive species, such as singlet oxygen (1O2) and free radicals,
which lead to oxidative stress and cell death. [1]
Phthalocyanines[2] (Pcs) are aromatic porphyrinoids consisting of four isoindole units, linked
together through their 1,3 positions by aza-bridges. Unlike porphyrins, the absorption spectra of
phthalocyanines are dominated by a very intense Q band in the red region of the visible spectrum,
usually centered at 620-700 nm, which is responsible for its blue-green color.[3] The latter makes
Pcs promising as photosensitizers for PDT, as their Q-absorption allows the penetration of the
irradiated light into deep tissue layers. In addition, Pcs show high efficiency to generate singlet
oxygen and low toxicity in the dark.[4]
The aim of this project is the synthesis of Ru(II) Pc complexes
and the study of their photophysical and photochemical
properties for their application in PDT. For this purpose, the Pc
derivatives have been functionalized at the two axial positions
with two different ligands L and L’. The L-type ligands contain
hydrophilic entities that increase Pcs biocompatibility, while L’type ligands contain maleimide or alkyne units, for the
bioconjugation of the PSs to nanocarriers using "click" chemistry.
[5]
The RuPcs containing a maleimide unit will be conjugated in a second stage to the peptides
exendin-4[6] and octreotide[7] through thiol-maleimide coupling. Likewise, RuPcs endowed with
alkynes will be subjected to Huisgen 1,3-dipolar cycloaddition reactions with elastin-like
polypeptides[8] (ELP) for multimodal therapy of ovarian cancer.
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GOLD NANOPARTICLE ASSEMBLIES INDUCED BY BOLAFORM
SURFACTANT FOR RELIABLE MILLIFLUIDIC SERS DETECTION
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Surface-enhanced Raman spectroscopy, SERS, is an advanced analytical technique that can be
used for the ultrasensitive detection of analytes. It is based on the enhancement of the Raman
signal of a molecule when it is located or nearby a plasmonic surface. This phenomenon is
produced by the strong electromagnetic fields generated after the plasmon excitation. Moreover,
the Raman signal could be further enhanced when the molecule is located at the gaps between
nanoparticles (known as “hot spot”), as demonstrated by recent simulations.
In the case of solution-based SERS detection, it typically involves the aggregation of citratestabilized Au nanoparticles into random colloidal assemblies in order to generate a hot spot and
improve the SERS capabilities. Although this sensing methodology offers excellent prospects for
sensitivity, portability, and speed, the reliability is low since it is a challenge to control the
assembly process by a salting-out effect. Herein we present an alternative approach that uses a
bolaform surfactant, B20, to induce the plasmonic assembly in a controlled manner. The decrease
of the surface charge and the bridging effect, both promoted by the adsorption of B20, are
hypothesized as the key points governing the assembly. Furthermore, Molecular Dynamic (MD)
simulations supported the bridging effect of the B20 by showing the preferential bridging of
surfactant monomers between two adjacent Au(111) slabs. The colloidal assemblies showed
excellent SERS capabilities towards the detection of analytes, such as beta-blockers and
analgesic drugs, in the nanomolar regime. Furthermore, the implementation of the assembly
approach in a millifluidic chip allows the automation of the whole process, as well as improves the
performance of the sensor in terms of speed, reliability, and reusability without affecting its
sensitivity.

Figure 1. Schematic representation of the millifluidic SERS-based sensing approach: bolaform
surfactant-induced Au nanospheres (AuSphs) assembly inside a millifluidic mixing chip in the
presence of the analyte of interest. After SERS characterization, the data is subsequently treated
using principal component analysis (PCA).
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Spin-crossover (SCO) compounds are molecular systems containing first-row transition
metal ions that can alternate between two different electronic states which are close in energy. In
SCO compounds, an external stimulus (commonly temperature, but also pressure or
electromagnetic radiation) is used to change the spin state of the metal centre. The temperature
with equal populations of both spin states is defined as the transition temperature (T1/2) and is a
key parameter in the physical characterization of such systems. This switching behaviour turns
such systems in perfect candidates for molecular-level based applications and has raised a lot of
attention from the chemistry and physics community over the last years.[1]
In this work, a computational method to study the SCO behaviour on dinuclear metalorganic cages of general formula [Fe2LR3]4+ (L=1,3-bis(3-(pyridin-2-yl)-1H-pyrazol-5-yl)benzene,
R = -H, -F or CH3) was carried out, in order to analyse the effect of different guest molecules (X
= H-, F-, Cl-, Br-, I-, BF4-) on the tuning of the T1/2.[2-4] Using the TPSSh/TZVP method, we computed
the thermochemistry and transition temperatures for the cages with several guests molecules and
different ligand functionalization.[5] Our results illustrate a dual effect. On one side, there is a
correlation between the guest size and the decrease of the T1/2, and, on the other hand, the ligand
functionalization allows us to increase or decrease the ligand field around the metal centre, thus
modulating the SCO properties of the system. Our results illustrate how the interplay between
host-guest chemistry and ligand field fine-tuning around the metal centre can be used in order to
design, with computational tools, metal-organic cages that can be used as molecular level
sensors in specific conditions.

Left, illustration of the ([Fe2LR=H3]@Cl)3+ system, and right, calculated magnetic moment vs.
temperature curve for the systems ([Fe2LR=H3]@F)3+ and ([Fe2LR=H3]@Cl)3+.
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Superhydrophobic surfaces have application in many different areas, providing
characteristics such as self-cleaning, antimicrobial or anticorrosion properties when they are
desirable. Surfaces are considered superhydrophobic when the static contact angle with water is
greater than 150° and the hysteresis or dynamic contact angle is less than 10°. A low surface
tension chemistry is needed to the development of superhydrophobia but, since the description
of the lotus effect, it has been demonstrated that a topography in the micro and the nanoscale is
also essential, being hierarchical structures the ones that offer the best behaviors. However, most
methods used to obtain micro- and nano-structured surfaces are not affordable for a large scale
production. [1]
In this work, methods for the fast, cheap and scalable generation of roughness are
presented, based on swelling and coagulation of polymers. Three widely used materials have
been studied. Polyvinylidene fluoride (PVDF) superhydrophobic surfaces have been developed
through a solvent-induced method of swelling-coagulation. This two-step method consists on the
immersion of the surface on a hot solvent that swells the polymer, in this case,
dimethylformamide, followed by the immersion in ethanol that coagulates the swollen state. PVDF
superphydrophobic surfaces have been obtained with contact angles greater than 160° and
hysteresis less than 5°. [2] Polylactic acid (PLA) surfaces have also been used to develop
superhydrophobic surfaces through swelling-coagulation method using acetone-ethanol system
obtaining contact angles higher than 160° and hysteresis less than 10°. Finally, a particulate
superhydrophobic surface has been obtained using Polyethylene terephthalate (PET) through a
method of crystallization induced by dichloromethane followed by a fluorination step. In this way,
PET surfaces with contact angle with water greater than 150° and hysteresis less than 10° have
been obtained. [3]

PVDF

PET

PLA

Figure 1. Scanning microscopy images of surfaces of PVDF, PLA and PET obtained by solventinduced methods. Scale bar represents 10µm. Inset images show the contact angle with a 5 µLdroplet of water.
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Heparin is an interesting molecule which plays an important role in a lot of biological
processes. Their sulfonate and carboxylate functional groups allow the interaction with growth
factors and proteins.[1] However, its high anticoagulant effect may often lead to hemorrhagic
complications. For these reasons, it is interesting to design materials that can mimic heparin
structure avoiding unwanted anticoagulant effects.
Hydrogels have attracted much attention in the field of tissue engineering in recent times,
having numerous applications for drug release, cell encapsulation, as matrices for tissue
regeneration and, most recently, as scaffolds for cell cultures.[2, 3] We have also shown that the
introduction of graphene in the hydrogel structure improves their biocompatibility supporting the
growth of cultured brain cells and, allowing neuronal adhesion.[4]
In this work, using our experience in hydrogel synthesis and graphene fabrication,[5, 6] we
have carried out the preparation of novel graphene hybrid hydrogels based on sodium 4vinylbenzenesulfonate (VBS), as a monomer mimicking heparin structure. Different hydrogels
were characterized and compared in order to study their capacity to support living neurons.

H2O

Graphene water
dispersion
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The immobilization of molecules such as proteins and enzymes for industrial purposes has
been gaining popularity in the last years. Nowadays, one of the best studied support materials
are magnetic nanoparticles, due to their ability to respond to external magnetic fields. This
capacity allows magnetic recovery of the nanoassemblies and, therefore, of the enzymes.
However, the low magnetic moment per particle associated to the small size of most of the
inorganically synthesized magnetic nanoparticles (MNP) and the need of postproduction
procedures to provide them with functional groups that allow functionalization prevents their
industrial use. In this sense, biomimetic magnetite nanoparticles (BMNPs) produced by the
mediation of the protein MamC from the magnetosome of Magnetococcus marinus MC-1 are a
novel alternative that overcome these problems[1]. The control that exerts the protein over the
crystal nucleation and growth of the magnetic nanoparticle allows to produce larger nanoparticles
with higher magnetic moment per particle, which also show novel surface properties and the
presence of functional groups with no need of further modification[2].
In this work, BMNP and MNP were synthesized and functionalized with the enzymes
acetylcholinesterase and β-lactamase. Three types of interaction between enzymes and
nanoparticles were tested: 1) electrostatic interaction, carried out by attraction between opposite
surface net charges; 2) electrostatic interaction reinforced with glutaraldehyde crosslinking of
amine groups; and 3) covalent bonding, through the formation of an amide bond between the
carboxyl groups on the surface of the nanoparticles and the amino groups of enzymes. The
resulting nanoassemblies were analyzed in order to determine the percentage of enzyme bonded
to the nanoparticles, the enzymatic activity preserved after immobilization, and their stability over
time. In addition, the ability of the nanoassemblies to detect trace concentrations of two model
contaminants was tested: chlorpyrifos (organophosphate pesticide) was detected with
acetylcholinesterase, and penicillin G (β-lactam antibiotic) was detected with β-lactamase.
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There is no doubt that two-dimensional (2D) materials remain one of the hottest topics in
materials science, chemistry, and condensed matter physics. Graphene represents the first twodimensional covalent material prototype. The exploration of new types of 2D materials or new
technological developments has also grown during these years. According to recent literature and
trends, the most probable and immediate application of inorganic 2D materials will rely on flexible
micro super-capacitors [1] where the high surface to volume ratio of these materials plays a major
role. However, there is still plenty of room for further development in many energy-related issues.
The applications of such materials will have a broad scope of solar cells,[2] thermoelectric
devices,[3] batteries[4] and desalinization membranes,[5] to name a few. Additionally, graphene has
been incorporated into the fibers of fabrics to create graphene-enhanced fabrics that are
potentially useful for sport and specific apparel companies, among many others. These novel
fabrics are fashioned into clothing and gear with greater comfort and agility for the wearer. Thus,
graphene helps to significantly enhance physical performance and competitiveness. Liquid-phase
exfoliation (LPE) enables mass production of colloidal suspensions of many 2D-materials, also
known as 2D-inks. LPE has also been tested at industrial scale for the fabrication of many 2Dinks. Our work aims at progressing in the early stages of pre-competitive industrial development
of 2D-inks in green solvents.
This work presents a green solvent-based, simple, cheap, and scalable procedure to
produce graphene suspensions suitable for the high-quality coating of textile fibers. The
methodology used in this work is the generation of graphene suspensions by LPE[6] and their
application to non-woven polypropylene fibers by nebulization or immersion (fig. 1). The results
show that we can modify the fibers with different graphene loads per surface area, coating the
fibers completely. Studies have also shown that this coating makes the fabrics more selective
against coronavirus than unmodified polypropylene. These results, therefore, suggest a simple
methodology for the modification of fabrics and surfaces with suspensions of graphene or other
2D materials that may pave the way for a wide range of smart and specific coatings for a great
variety of applications.
a

b
Graphite
Nebulization

LPE

Immersion

Figure 1. a) Scheme of the LPE process used to obtain the graphene suspensions. b) Scheme of
the nebulization and immersion procedures used to modify the PP fibres with graphene.
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The chemical synthesis of single-molecule magnets (SMMs) are increasingly being studied in
nanoscience, due to the use of these molecules in quantum technology[1]. Recently, a series of
ferrocenium complexes has been reported like SMMs in presence of an applied dc field. To reduce the
possible effects of dipolar magnetic interactions on the magnetization dynamics, ferrocenium
complexes having bulky cyclopentadienyl ring substituents and/or large counterions were prepared [2].
Nevertheless, this is not the unique form to isolate magnetically the Fe(III) ions. In this work we
have explored the insertion of decamethylferrocenium cations as countercations of extended anionic
networks to separate these magnetic centers in the solid state. We have used anilate-based networks
already as they afford numerous examples of anionic extended lattices that can host a great variety of
cations[3,4]. A new series of anilate-based network compounds with the formula [ZIIICp2*][MII2(An)3]
(ZIII=Fe; MII=Mn, Zn; An= haloanilate; Cp*= pentamethylcyclopentadienyl) has been prepared. Their
structures consist of an anionic-based honeycomb network formed by MII linked through haloanilate
group ligands. The bis(pentamethylcyclopentadienyl)iron(III) cations can occupy the hexagon holes of
the network or being disposed between layers. Regarding the magnetic behavior, we expect that the
networks composed by paramagnetic metals behave as ferrimagnet/antiferromagnet layers together
with the intrinsic magnetic behavior of Fe(III) ion. Furthermore, the diamagnetic metals used to make
diamagnetic anilate-based networks could magnetically isolate the Fe(III) ions, giving rise to single
molecule magnets. Thanks to the protection of the bimetallic network, these single-molecule magnets
could increase the magnetic relaxation and spin coherence times. In addition to this, the synthetic
method used to make the diamagnetic anilate-based network has resulted in the preparation of a salt
of an anionic diamagnetic trimer and decamethylferrocenium counteranions that could be an
alternative to isolate magnetically the Fe(III) ions.

Figure.1: Structure of [FeIIICp*2][MnIICrIIICA3] (1). (Cr (green), Mn (pink), C (black), Fe (brown)
, O (red), Cl(yellow). Left image in the ab plane and right image bc plane.
[1] D. Aravena; E. Ruiz, Spin dynamics in single-molecule magnets and molecular qubits. Dalton
Trans 2020, 49 (29), 9916-9928.
[2] M. Ding; A. K. Hickey; M. Pink; J. Telser; D. L. Tierney; M. Amoza; M. Rouzières; T. J.
Ozumerzifon; W. A. Hoffert; M. P. Shores; E. Ruiz; R. Clérac; J. M. Smith, Magnetization Slow
Dynamics in Ferrocenium Complexes. Chemistry – A European Journal 2019, 25 (45), 10625-10632.
[3] M. Palacios-Corella; A. Fernandez-Espejo; M. Bazaga-Garcia; E. R. Losilla; A. Cabeza; M.
Clemente-Leon; E. Coronado, Influence of Proton Conducting Cations on the Structure and
Properties of 2D Anilate-Based Magnets. Inorg Chem 2017, 56 (22), 13865-13877.
[4] A. Abherve; S. Manas-Valero; M. Clemente-Leon; E. Coronado, Graphene related magnetic
materials: micromechanical exfoliation of 2D layered magnets based on bimetallic anilate complexes
with inserted [Fe(III)(acac2-trien)](+) and [Fe(III)(sal2-trien)](+) molecules. Chem Sci 2015, 6 (8),
4665-4673.
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The special physicochemical properties of magnetic carbon nanostructures such as
porosity, stability or high surface area, make them widely employed as pollutant adsorbents [1].
The combination of the high absorption capacity of carbon with the recyclability of the magnetic
nanomaterial using an external magnetic field, makes these type of nanostructures very attractive
for their use in the environmental remediation field. In this context, iron carbon based
nanostructures were obtained by thermal decomposition of fructose. An aqueous solution of FeCl3
(8 wt. %Fe) was mixed with fructose and heated until water evaporation. Finally, the sample was
annealed at 800 ºC (1 hour, Ar atmosphere). The structural characterization (X-ray diffraction,
Transmission Microscopy (TEM)) shows the coexistence of α-Fe and Fe3C nanoparticles
surrounded by a carbon matrix [2]. Additionally, the nitrogen adsorption-desorption curves (BET
analysis) displays a large BET surface area of the sample (≈200 m2/g).
The adsorption capacity of the synthesized iron carbon based nanostructures was
analyzed employing Cr3+ as pollutant. The Cr3+ adsorption analysis was carried out mixing 25 mL
of Cr (VI) water solution (1 mg/L Cr (VI)) with 25 mg of the adsorbent. Then, aliquots of the solution
(1 mL) were collected at different times and the Cr3+ concentration was evaluated employing a
UV-Vis spectrometer. The procedure was performed 3 times and the obtained results show
around 100% of Cr3+ adsorption after 30 min. Furthermore, the adsorption kinetics and adsorption
isotherms were evaluated, employing pseudo first/pseudo second order and Langmuir/Freundlich
models, respectively. The nanostructures also show optimum recyclability response with similar
adsorption performance after 3 recycling cycles.
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Magnetic molecules have been proposed as versatile building blocks for quantum
computing and molecular spintronics devices.[1] The molecular spin can be used to encode
quantum information in qubits or even perform logic operations as quantum gates with unmatched
reproducibility and scalability.[2] In spintronics, that same molecular spin can be used to generate
spin currents in molecular based spin filters, spin switches or spin valves in carbonnanotube/molecule hybrids, among other applications.[3]
Several strategies have been followed to couple the magnetic molecules to carbon
nanotubes: direct physisorption of the molecules, covalent bonding or encapsulation of the
magnetic molecules. We have developed the synthesis of mechanically interlocked rotaxanelike SWCNT derivatives (MINTs), in which the ring-closing metathesis of a U-shape molecule
around SWCNTs is templated. [4] In particular, we fabricated Cu 2+ and Co2+ metalloporphyrin
dimer rings mechanically interlocked around carbon nanotubes to form magnetic MINTs
(mMINT). Magnetic porphyrins are selected due to their recently proved suitability as qubits,
even preserving their magnetic properties and quantum coherence on surfaces. The
mechanical bond places the porphyrin magnetic cores in close contact with the SWCNT
without disturbing the molecular spin nor the carbon nanotube structure. The magnetic
properties of the metallic dimers are preserved upon formation the mechanically interlocked
hybrid.

Figure 1. Schematic route to obtain porphyrin mMINTs.
[1] a) A. Gaita-Ariño, F. Luis, S. Hill, E. Coronado, Nat. Chem. 2019, 11, 301-309. b) S. Sanvito,
Chem. Soc. Rev. 2011, 40, 3336-3355.
[2] E. Moreno-Pineda, C. Godfrin, F. Balestro, W. Wernsdorfer, M. Ruben, Chem. Soc. Rev. 2018,
47, 501-513.
[3] a) A. N. Pal, Pal, D. Li, S. Sarkar, S. Chakrabarti, A. Vilan, L. Kronik, A. Smogunov, O. Tal,
Nat. Commun. 2019, 10, 5565. b) E. Burzuri, A. García-Fuente, V. García-Suárez, K. Senthil
Kumar, M. Ruben, J. Ferrer, H. S. J. van der Zant, Nanoscale, 2018, 10, 7905-7911.
[4] E. M. Pérez, Chem. – A Eur. J. 2017, 23, 12681-12689.
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Spin-crossover (SCO) compounds are those able to exist in two different spin states (LS, 1A1 ⇋
HS, 5T2) when exposed to an external stimulus such as pressure, light, temperature, an induced
magnetic field, or a combination of them. These phenomena convert in SCO in ideal candidates
to develop new molecular switches.[1]
For so many years efforts have been focused on functionalization and derivatization of well-known
nitrogenated ligands in order to obtain tunable SCO systems. It has been demonstrated that the
employment of supramolecular interactions such as π-π stacking or hydrogen bonding can affect
the cooperativity of the system and thus, the spin transition, obtaining a) first-order transition; b)
second-order transition or c) multistep transitions, which occur owing to the intrinsic non-equality
of SCO centers or being the result of modulating the 3D structure.[2],[3],[4]
This work focusses on new SCO iron(II) complexes with nitrogenated ligands. Our investigation
is centered on the impact of the counterions over SCO processes through supramolecular
interactions. We play with the size and charge density distribution of the counterions due the
important role in the transition process (Figure 1-left). All these findings together, allow us to form
a holistic picture to design new SCO systems.

Figure 1. Left) General scheme of the spin cross over transition; right) Direct current magnetic
measurements under 1 T applied field at scan rate of 2 K·min-1.
Those systems were characterized using standard techniques, such as: X-ray diffraction,
Differential Scanning Calorimetry (DSC), temperature dependent Raman spectroscopy, LightInduced Excited Spin State Trapping (LIESST) or direct current magnetic measurements (Figure
1-right). We determined the influence of the counterion on the spin transition, stablishing
magneto-structural correlations. In fact, a strong correlation between the selected counterion and
the SCO phenomenon was found, where we can vary from a one step, with a complete transition
(100% LS), to a two-step process with non-complete conversion, involving a structural phase
transition.
[1] Halcrow, M. A., Spin-Crossover Materials: Properties and Applications. John Wiley & Sons,
Ltd. New Delhi, 2013.
[2] Bonnet, S.; Molnár, G.; Costa, J. S.; Siegler, M. A.; Spek, A. L.; Bousseksou, A.; Fu, W.-T.;
Gamez, P.; Reedijk, J. Chem. Mater. 2009, 21 (6), 1123–1136.
[3] Molnár, G.; Guillon, T.; Moussa, N. O.; Rechignat, L.; Kitazawa, T.; Nardone, M.; Bousseksou,
A. Chem. Phys. Lett. 2006, 423 (1–3), 152–156.
[4] M. D. Gimenez-Lopez, M. Clemente-Leon and C. Gimenez-Saiz, Dalton Trans., 2018, 47,
10453–10462.
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In the realm of clays materials, layered double hydroxides (LDHs) represent the most
famous member of the layered hydroxides (LHs) family. [1] These anionic clays have become in
one of the few examples of two-dimensional (2D) cationic materials. [2] Furthermore, their wide
chemical and morphological tunability gives them a privileged position in the field of energy
storage and conversion. However, one of the main drawbacks of LDHs is their inherent low
conductivity, affecting the electrochemical performance. In this line, many strategies have been
investigated to address this limitation, e.g.: nanocarbon hybridization. However, due to the
intrinsic electrostatic nature that governs anion-layer interactions, the electronic properties of
LDHs can hardly be improved by using different interlaminar anions and are mainly limited by the
nature of the inorganic sheets.
In order to overcome this limitation, we have worked intensively on the design and
synthesis of α-layered hydroxides (α-LHs), another member of the LHs family where the anionlayers interactions are covalent. This allows to control the electronic properties resulting in the
modulation of both electrical and magnetic behaviour, but it has the limitation of lacking anionexchange properties. [3, 4, 5]
Herein, we will introduce our last finding: the meta-layered hydroxides (meta-LHs), a new
material that possess both covalent and electrostatic anion-layer interactions. The covalent
interactions are related with the tetrahedral MII centers, controlling the electronic properties and
improving the conductivity. On the other hand, the electrostatic interactions arise from the
presence of MIII leading to anion exchange properties, like in LDH materials. Finally, we will exhibit
the promising electrochemical behaviour of these meta-LHs in comparison with their analogs (α, β-LHs and LDHs) in terms of oxygen evolution reaction (OER) in alkaline and neutral conditions.
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The field of plasmonic NPs, i.e., nanoparticles consisting of noble metals such as gold and
silver, has grown rapidly in the past decades, motivated by the capabilities of plasmonic materials
to interact strongly with electromagnetic. Recently, chiral plasmonic nanostructures with
dissymmetric shape have raised enormous interest due to their light-manipulating capabilities as
circular polarizers, enantioselective-based sensors, photocatalysis and photothermal chirality (1).
Self-assembly materials such as micelles have recently revealed their potential as
templates for the synthesis of quiral plasmonic NPs (2). However, despite the exceptionally high
chiroptical activity obtained with the micelles templation, their morphically characterization have
unveiled a quite chaotic structure.
Herein, we will show our recent efforts towards the design of novel self-assembly systems
that can template the formation of chiral plasmonic NPs. In particular, we are focused on the
design of supramolecular polymers, which have high tunability and much ordered structure than
micelles (figure 1).

Figure 1: Schematic representation of the application of supramolecular polymers for the
preparation of chiral plasmonic NPs.
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Magnetoresistance has been shown to be one of the most relevant parameters to control
in the development of spintronic devices. Recently, many
devices based mainly on multilayer materials have been
reported, most of them used far from room conditions, such
as in ultrahigh vacuum and at cryogenic temperatures, but
only a few contributions of magnetoresistance at room
temperature in unimolecular devices have been published.
[1][2]
Hofmann
Clathrates
(cyanide-bridged
type
metalorganic frameworks) are systems with the general
formula [M(L)n{M’(CN)4}] composed of 2D sheets of MII ion
coordinated by the square-planar tetracyanometallate ion
and two N-terminated axial ligands. Neighbouring sheets
interacts via π-π stacking of intercalated axial ligands,
usually pyridine, or connecting two MII ions by sharing the Figure 1. Representation of
same axial ligand, for example, bipyridine. Thus, the Hofmann Clathrates junction using
interaction between pyridine attached to STM-tips and the Blinking approach
Hoffman Clathrates allow to carry out experiments through STM break-junction technique (BJ)
such as with the “Blinking” approach.[3]
In the presented work, we are developing room temperature magnetoresistive
monolayers of a Hofmann-type MOF of the form {CoIIPtII(CN)4} optimizing the layer-by-layer
methodology to obtain a single sheet. CoII in a high-spin state S=3/2 in octahedral coordination
have been reported to show large magnetoresistance under polarized current injection.[4] Our
preliminary experiments using alpha and beta (magnetically) polarized Ni electrodes, to inject
polarize current, displayed an effective difference of conductance close to a factor 4 between
opposite current polarizations.

References
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The chemical patterning of graphene is being pursued due to exciting possibilities in
electronics, catalysis, sensing, and photonics applications. Despite the intense efforts, spatially
controlled, multifunctional covalent patterning of graphene is not straightforward. [1] The
intrinsically poor reactivity of the basal plane of graphene implies the use of harsh chemistries to
obtain the desired surface modification. However, chemical protocols to promote the reduction of
aryl diazonium ions and the consequent functionalization of carbon-based surfaces have been
recently reported. [2] These chemical protocols and conventional lithographic methods could
provide the perfect combination to achieve well-defined covalent chemical patterning of graphene.

Here, we demonstrate spatially resolved multicomponent covalent chemical patterning of
single layer graphene using a facile and efficient method. [3] Three different functional groups
were covalently attached in dense, well-defined patterns. The fidelity of the pattern transfer was
found to be exceptional, and the layer thickness of the covalent films was controlled down to 1
nm. The chemically patterned surfaces were characterized using Raman mapping, atomic force
microscopy (AFM), and X-ray photoelectron spectroscopy (XPS). The chemical composition of
the covalent films was mapped at the nanoscale using AFM-IR measurements, showing the
precise compartmentalization of the functional groups along the basal plane. Finally, Kelvin probe
force microscopy (KPFM) indicated that such precise multicomponent patterning leads to
changes on the graphene surface potential.
References
[1] T. Wei; L. Bao; F. Hauke; A. Hirsch ChemPlusChem, 2020, 85, 1655-1668
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Aerogels and hydrogels based on biopolymers such as polysaccharides and proteins are
promising materials for biomedical applications due to their biodegradability, biocompatibility,
abundance, and non-toxicity. Furthermore, they are low-cost and renewable, making them
suitable materials to address environmental issues. Biopolymers often have a high density of
functional surface groups, thus providing convenient anchoring points for additional functionality
and opening up to new applications such as filtration, oil–water separation, CO2 capture, catalysis
and especially, in medicine (tissue engineering, cell growth, disease diagnosis and treatment,
drug delivery, and bio-sensing). [1]
Recently, we have reported functionalized amyloid nanofibers for apoferritin and β-lactoglobulin
(BLG) proteins.[2] [3] Herein, we have used the BLG protein as a template to form hydro- and
aerogels and to incorporate different metallic nanoparticles (figure 1) in order to obtain
multifunctional materials, thus creating new fascinating systems with new applications.
Specifically, nanoparticles of golds and maghemite (iron oxide) nanoparticles have been
incorporated, obtaining optical and magnetic properties.

Figure 1. (A) SEM image of BLG aerogel with gold nanoparticles. (B) SEM image of BLG aerogel
with maghemite nanoparticles. (C,D) EDX microanalysis of gold and iron for the corresponding
aerogels.
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[N]phenylenes[1] are a group of polycyclic hydrocarbons whose structure is based on linear,
angular or triangular fusion of N benzene units with N-1 cyclobutadiene rings in alternating
manner. These compounds have attracted the attention of the scientific community because of
the unique combination of aromatic and antiaromatic ring currents in their structures.
Our long-term experience in the application of aryne chemistry to the synthesis of polycyclic
aromatic compounds of interest as π-functional materials,[2] led us to explore the development of
novel aryne building blocks derived from the fascinating [N]phenylene platforms. Herein, we
report the access to suitable precursors of unprecedent arynes and bisarynes derived from
biphenylene, angular [3]phenylene and π-extended derivatives (Figure 1), which were obtained
by means of adequate combinations of metal-catalyzed cross-coupling and [2+2+2] cycloaddition
reactions. Preliminary results on the reactivity of these short-lived species, oriented to the
synthesis of new non-conventional polycyclic conjugated systems, will be also disclosed.

Figure 1
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Most diradical polycyclic conjugated molecules have singlet ground states and low-lying
triplet excited states that could be thermally accessible.[1] However, finding different aryl
substituents (-R, figure 1A) that are able to modulate the energy gap between the singlet and
triplet states without compromising the stability of the molecules, is one of the current challenges.
In fact, our previous work on indeno[1,2-b]fluorenes has shown that the energy difference
between the singlet and triplet states could be tuned by using different –R based on 4-substituted2,6-dimethylphenylacetylenes. This energy difference can also be modulated according to the
distortion and π-extension of the core of the molecule, which is the aim of the present work.[2],[3]
Herein, we present our studies on a diradical [7]-helicenoid based on the indenofluorene
core. Remarkably, we can modify the magnetic properties of structure at room temperature just
by changing the -R substituents (figure 1B).

Figure 1. A) Resonance structures of indeno[1,2-b]fluorenes. B) [7]-helicenoid based on the
indenofluorene core with different –R substituents.
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Porphyrins (Pors) are tetrapyrrolic macrocycles that offer a palette of highly attractive
features for applications in materials science. In particular, π-extended Pors have gained
considerable attention in the field of organic semiconductors and molecular electronics due to
their low HOMO-LUMO gaps. Furthermore, Pors can chelate transition metal ions in their inner
cavity, which allows the construction of magnetically-active nanostructures, such as organic spin
filters. However, the synthesis of such π-extended Pors typically suffers severe limitations, arising
from lengthy synthetic schemes, low yields, poor solubility and significant stability issues. In this
context, on-surface synthesis under ultra-high vacuum (UHV) conditions has emerged as an
appealing alternative for the fabrication of such poorly soluble and inherently unstable structures.
In addition to the synthetic benefits, the resulting on-surface synthesized nanostructures can
directly be accessed by local-probe techniques such as scanning probe microscopy, allowing for
an “in situ” structural and electronic characterization with sub-molecular resolution.
In this communication, we present our recent progress in the on-surface preparation of Porbased nanostructures. A special focus will be laid on the electronic effects of the π-extension of
the Por core, either with graphene nanoribbon (GNR) fragments[1] or with open-shell polyaromatic
hydrocarbons (PAHs),[2] which in some cases leads to the appearance of an open-shell character
as well as new and exciting reactive sites.[3] Furthermore, the inherent open-shell structure of
some of these structures can be combined with magnetically active transition metal ions, which
opens the path towards complex and intriguing nanostructures.
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Graphene nanostructures with π-magnetism1 are promising candidates for spintronics and
quantum device applications thanks to their fascinating optical, magnetic and electronic
properties. However, their lack of stability and high reactivity requires the presence of bulky
protecting groups for their synthesis in solution phase2.
In this scenario, On-surface Synthesis (OSS) under highly-controlled ultra-high vacuum
conditions, has emerged as a powerful tool for the synthesis and characterization of novel πmagnetic molecules such as Zig-Zag Graphene Nanoribons, Acenes, Zethrene or Clar’s Goblet1.
Herein, we report the bottom-up synthesis, based on the combination of wet-chemistry and
OSS, of a nona-radicaloid π-conjugated macrocycle. This molecule has been structurally and
electronically characterized by means of BR-STM, nc-AFM and STS exhibiting unique magnetic
and aromatic properties.

low

high

Therefore, our work provides unprecedented results for the understanding of polyaromatic
systems with odd number of radicals in order to control their magnetic properties for their future
spintronic applications.

Figure 1. On-surface bottom-up synthesis of a nona-radicaloid π-conjugated macrocycle by
thermal annealing and subsequent tip manipulation.
References

[1] S. Song, J. Su, M. Telychko, J. Li, G. Li, Y. Li, C. Su, J. Wu, J. Lu, Chem. Soc. Rev. 2021, 50,
3238–3262.
[2] C. Liu, M. E. Sandoval-Salinas, Y. Hong, T. Y. Gopalakrishna, H. Phan, N. Aratani, T. S. Herng,
J. Ding, H. Yamada, D. Kim, et al., Chem. 2018, 4, 1586–1595.

1277

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-745

Optimization of an eco-friendly manufacture method to obtain iron oxide
nanoparticles (FexOy-NPs)
Johar Amin Ahmed Abdullah a, Mercedes Jiménez Rosado a, Alberto Romero b and Antonio
Guerrero a
a

Departamento de Ingeniería Química, Escuela Politécnica Superior, Universidad de Sevilla,
41011, Sevilla, Spain.

b

Departamento de Ingeniería Química, Facultad de Química, Universidad de Sevilla, 41012,
Sevilla, Spain
e-mail: jabdullah@us.es

Keywords: Nanoparticles, FexOy-NPs, Phoenix dactilifera L., polyphenol, green chemistry
Nowadays, iron oxide nanoparticles (FexOy-NPs) are used in a variety of high-tech sectors,
such as medicine, chemistry or electronics, for different applications (i.e., drug delivery systems,
antioxidant and antimicrobial products, catalysis and the conversion of energy). This broad
interest arises due to the chemical, physical, mechanical, thermal and magnetic properties of
these nanoparticles, which, together with their low toxicity and high biocompatibility, makes them
a specific and unique material. Nevertheless, these properties depend on their different
manufacturing methods, this being also harmful to the environment by producing toxic substances
during the synthesis of nanoparticles [1]. In this way, optimization of green manufacture of FexOyNPs, can be a key factor for their use. In this sense, the main objective of this work was to optimize
the manufacture of FexOy-NPs through the use of Phoenix dactylifera L. polyphenols as reducing
agents [2]. These polyphenols are extracted from palm leaves that are a waste, reducing
production costs. The optimization was carried out varying the influencing parameters during the
manufacture: pH (1.5-12.5), calcination temperature (200-500 ºC) and calcination time (1-5 h). In
addition, these nanoparticles were compared with chemical ones through X-rays diffraction,
scanning electron microscopy, antioxidant activity and antibacterial properties. The results
highlight the properties of green FexOy-NPs that could substitute the chemical ones, and the
importance of the parameters used during their manufacture that can completely modify the
properties of the nanoparticles obtained.
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OPTOELECTRONIC PROPERTIES OF OCTAHEDRAL MOLYBDENUM
CLUSTERS AT SINGLE CRYSTAL LEVEL
Elena Segura-Sanchisa, Roberto Fenollosaa , Isabelle Rodrígueza, Marta Feliza, Pedro Atienzara
a

Instituto de Tecnología Química (Universitat Politècnica de València – Consejo Superior de
Investigaciones Científicas) Avd. de los Naranjos s/n, 46022 Valencia, Spain.
e-mail: elsesan@itq.upv.es

Keywords: Molybdenum, cluster, single crystal, optical cavity.
In the last 10 years, octahedral molybdenum clusters have recently emerged as a green
alternative for the development of cluster-based functional nanocomposites with applications in
the field of energy conversion optoelectronics and lighting. These clusters have outstanding
optical properties such as absorption of light in the UV-visible range, bright emission in the
red/near IR region with high quantum yields and photoluminescence lifetimes up to several
hundreds of microseconds. [1] These properties make these inorganic compounds particularly
attractive in design of functional hybrid nanomaterials with applications in nanoarchitectonics. [2]
However, little is known about their photophysical properties at single crystal scale. The optical
and electrical characterization at single crystal scale is a promising alternative to study the intrinsic
properties of these photoactive molybdenum cluster materials, since it is avoided the effect of the
grain boundaries and amorphous domains present in polycrystalline films.
Recently, we have developed Mo6-based single crystals containing [Mo6Br8(OH)6]2- units
interconnected by protonated water by H-bonding interactions. In this communication, we present
a deep optical study of these microstructured materials and we proved their behavior as
microresonators with dependency of the crystal size [3] (Figure (a)). We recently studied the
electrical response of the Mo6-based single crystals upon light irradiation and a fast response and
remarkable stability is recorded after multiple illumination on–off cycles (Figure (b)). All these
studies provide relevant information for device manufacturing in the development of highefficiency solar cells, photonic and optoelectronic devices, sensors and photocatalysts.
(a)

(a)

(b)

Figure (a): Optical modes (Transmittance spectra)
Figure (b): Illumination on-off cycles
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An important variety of metal oxides are photoactive semiconductor solids with the capacity
to generate Reactive Oxygen Species (ROS) in aqueous media. The excellent oxidizing capacity
of these ROS has been studied by the scientific community in the elimination of pollutants as part
of the Advanced Oxidation Processes (AOPs) in the purification of polluted water. The main
photocatalysts used to date (TiO2, ZnO, g-C3N4...) [1,2] are only capable of being photoactivated
with UV radiation, which means that they can only take advantage of a small fraction of the solar
spectrum; or require the use of UV lamps, with the consequent energy consumption. For this
reason, this work has proposed the development of new photocatalysts with narrower band gaps
capable of generating ROS when irradiated with Visible-NIR photons, thus taking advantage of
the largest possible portion of the sunlight spectrum.
New nanostructured metal oxides based on Fe and W, photoactive with visible light, have
been obtained. In addition, some hybrids consisting of photoactive substrates with semiconductor
nanocrystals have been developed, thus improving the photocatalytic properties of the initial
materials separately. Finally, all these materials have been tested and optimized in photocatalysis
experiments in aqueous suspension of model pollutants.

Experimental reaction system and photocatalytic mechanism
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Organic π-conjugated molecules with mechanochromic luminescence properties have attracted
great interest in the last two decades due to their numerous applications in the optoelectronic
field, such as sensors, probes and security inks. Materials that modify their colour under pressure
are known as piezochromic materials. Usually, this variation is provoked by changes in the
molecular structure, for example, crystal-to-amorphous phase transitions, modifications in
dihedral angles or bond distances, and intermolecular interactions. The molecule proposed in this
study is a TADF (Thermally activated delayed fluorescence) U-shaped molecule composed by
two donors and one acceptor (D-A-D) units with a π-conjugated skeleton [1]. It was synthetized as
a powder which under different crystallization methods gives rise to different conformers varying
the dihedral angle of the bond that links the D and A units. The donors are two phenothiazine
units and the acceptor is a dibenzo[a,j]phenazine unit located in the central core. Two different
conformers have been analysed: the quasi equatorial - quasi equatorial (denoted as 1R) and the
quasi axial - quasi axial (denoted as 1Y). In this project, we study the configurational changes
triggering the piezochromic effects combining density functional theory (DFT) calculations with
Raman spectroscopy experiments of the 1R and 1Y conformers during heating or in compression
via a sapphire anvil cell [2]. Both show pressure and temperature dependence properties. Besides,
these changes are reversible meaning that when the stimuli stop they revert to its original
conformation. When these molecules are exposed to different ambient (like pressure or
temperature variations) they evolved to a third conformer with an intermediate dihedral angle that
results in different Raman, emission and absorption behaviour.

a)

b)

Figure: (a) Molecular structures of both conformers (left). (b) Fluorescence emission and UV-Vis
absorption spectra of 1R and 1Y conformers in solution (top), as powder (midle) or KBr pellets
(bottom).
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Over the past decades, columnar-organized structures obtained from π-conjugated bowlshaped molecules have gained increased attention. As a result of their molecular structure, these
systems can form unconventional polar organizations that significantly improve the charge
transport, which is of outmost importance in most of state-of-the-art technological devices.
Among the molecular building blocks able to form such columnar assemblies,
Subphthalocyanines (SubPcs; Figure 1a) are particularly attractive on account of their
outstanding structural and photophysical properties (i.e., intense absorption and/or emission in
the UV-vis and near-infrared (NIR) region, excellent charge transport properties, and a wide
chemical versatility).1 Thus, these aromatic macrocycles, with their singular non-planar structure,
have demonstrated an excellent capability of SubPcs to form columnar assemblies both in solidstate, solution and liquid crystal (LC) phases.2 Herein we report the synthesis and characterization
of SubPc columnar materials which, depending on the molecular design, behave as lyotropic or
thermotropic liquid crystals, form columnar polymers in solution or organize into polar assemblies
in the solid state. The factors that governs such an unusual organization are studied by a
combination of several experimental techniques and theoretical calculations.
a)

b)
a)

b)

 (-)

 (-)

 (+)

 (+)
Electrically-aligned
columnar aggregates

Figure 1. a) Molecular structure of SubPcs. b) columnar structures resulting from the assembly
of SubPc molecules.
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In the last years, the preparation of metal nanoparticles (MNPs) has attracted the attention
of scientific community due to its applications in different fields such as photothermal therapy,
sensing and catalysis, among others. In this context, the coating used to stabilize the metal
nanoparticles has a relevant role in the properties of the materials (solubility, stability,
biocompatibility) leading to the formation of novel multifunctional materials.
In this work, we described the preparation of novel stimuli-responsive hybrid materials
based on poly(phenylacetylene)s (PPAs) and MNPs (M = Ag or Au). In literature, it can be found
that PPAs are a family of helical polymers which their secondary structure (helical sense and/or
elongation) can be tuned in presence of external stimuli such as temperature, metal ions, light,
etc. Thus, it is possible to form MNPs where the chiral surface can be modulated by addition of
external stimuli.
Interestingly, we reported that the interaction between the MNPs and the PPAs has a strong
influence in the stimuli-responsive properties of the nanocomposites. Thus, strong interactions1
between them (e.g. thiol-MNPs) shows a strong decrease in the dynamic behaviour of the PPAs
whereas the use of weak non-covalent interactions (e.g. amide-MNPs) preserve the same stimuliresponsive properties of the parent PPAs by a self-adaptive mechanism.
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Polycyclic conjugated hydrocarbons (PCHs) have emerged as an important family of
molecules for investigating structure-property relationships and emergent phenomena in organic
materials. Most notably, certain PCHs, owing to their molecular topology, can exhibit an openshell ground state, which makes them highly attractive for applications in molecular electronics,
spintronics and nonlinear optics.1-2 However, given the high reactivity of open-shell PCHs, their
synthesis in solution is remarkably complex. For that reason, on-surface synthesis under ultrahigh
vacuum conditions has gained attention since it allows the generation and characterization of
open-shell PCHs on solid surfaces.
In this communication, we report the synthesis and characterization of a nonbenzoid PCH
with triradical character, truxene-5,10,15-triyl, combining in-solution synthesis of truxene and its
dehydrogenation on surface, by voltage pulses of a combined scanning tunneling microscope
(STM) and atomic force microscope (AFM) (Figure 1).3

Figure 1. AFM images of truxene and the corresponding triradical, truxene-5,10,15-triyl
References
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[2] Z. Bullard, E. C. Girao, J. R. Owens, W. A. Shelton, V. Meunier Improved All-Carbon Spintronic
Device Design. Sci. Rep. 2015, 5, 7634-7641.
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Polycyclic Hydrocarbons Generated by Atom Manipulation. ACS Nano 2022, ASAP DOI:
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Considering the still appreciable number of sunken warfare materials remaining in the
oceans from the World Wars I and II, the design of new fluorogenic sensing materials for the
detection of TNB/TNT in water is certainly worthy of study.
With this goal in mind, we designed a route to coronenediimide
derivatives having an extended aromatic core surrounded by a
hydrophilic periphery.[1] Of the synthesized compounds, 7 (Figure 1)
stood out remarkably. 7 was an almost non fluorescent compound,
soluble in water but almost insoluble in most organic solvents that
showed a dramatic appearance of red fluorescence in the presence of
1,3,5-trinitrobenzene (TNB). Considering these results, the study was
extended to trinitrotoluene (TNT) given the fact that this explosive lacks
a turn-on fluorogenic method for its detection in water with practical use.

Figure 1. Compound 7.

A detailed study of the fluorescence variation of a solution of 7 in water with TNB/TNT was
carried out (Figure 2) and a high sensitivity was observed at very small amounts of TNB/TNT. In
addition, 7 was not sensitive to the presence of common cations, anions or usual interferents
found in water; therefore, their presence did not interfere the TNB/TNT detection.

Figure 2. Fluorescent titration curves of 10µM solutions in water of 7 with increasing amounts of TNB/TNT.
Insets: water solution samples of 7 under UV light, 366nm, before and after titration with TNB/TNT.

In conclusion, we have prepared a new extended unprotected coronenediimide that was
soluble in water and worked as a selective turn-on fluorogenic sensor for explosive trinitroaromatic
compounds, with remarkable selectivity, by using only water as solvent.
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The use of graphene oxide (GO) increases in many products due to its vast number of
excellent properties [1]. However, this extensive use in real-world applications has increased their
potential release into the environment. In order to evaluate their possible health and ecological
risks, there is a need for analytical methods that can quantify these materials at very low
concentrations in environmental media such as water. One of the most sensitive analytical
techniques is Raman spectroscopy (Fig. 1), specifically its most innovative variant, surfaceenhanced Raman scattering (SERS) [2]. SERS is a good alternative for detecting GO with high
selectivity and sensitivity. Indeed, given its potential for extremely high enhancement levels,
SERS transforms Raman spectroscopy from a structural analytical tool to a structurally sensitive
single-molecule probe [3].
Therefore, a new method for detecting and quantifying GO in aqueous samples is showed
in this work [4]. The final methodology has been optimized and has shown is simple, useful, and
effective in water samples. This method is able to detect GO in the concentration range of 0.1–
10.0 ppb (Figure 1). The practical limit of quantification achieved is 0.1 ppb. This method shows
high reproducibility and repeatability. Tests have been applied to real samples, showing good
selectivity. And finally, in the case of accuracy, the recoveries obtained ranged from 95.66% to
100.47%.

Figure 1. Calibration curve and SERS spectra at different GO concentrations in the range
0.1-10 ppb.
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Layered two-dimensional transition-metal dichalcogenides (TMDCs) have garnered intense
attention due to the different properties achieved by modifying their composition and thickness.
One of the most studied members of this family is the MoS2. This compound is an indirect
bandgap semiconductor that turns into a direct gap when it is exfoliated from bulk down to the
monolayer regime. Making it a very promising active component for electronic, optoelectronic,
and photovoltaic devices.[1] Recently, many studies have focused on altering its electrical and
optical response via strain engineering.[2] Nevertheless, these works are limited to the application
of strain via direct physical approaches, like bending the substrate where the MoS2 is located or
directly pressing the flake with an AFM tip.[2]
In this work, we propose an original approach to induce a reversible strain on MoS2 ultrathin layers
“chemically”. It consists of the 2D surface functionalization with switchable molecular systems that
undergo a reversible volume change upon applying an external stimulus. In this context, we
propose using spin-crossover (SCO) nanoparticles as mechanical actuators.[3] These SCO
materials can change their ground spin state between low spin (LS) and high spin (HS) upon the
exertion of various external physical or chemical stimuli, resulting in a variation in the
nanoparticles volume depending on their spin state. In this context, we have achieved the
decoration of MoS2 flakes with SCO nanoparticles (Figure 1a) of the well-known SCO compound
[Fe(Htrz)2(trz)](BF4)@SiO2.[4] This material presents a transition above room temperature with a
broad hysteresis, 40 K, and a change in volume of ca. 10 %. The hybrid composite exhibits an
abrupt change in conductivity near the NPs transition temperature (Figure 1b), which can be
associated with a decrease in the bandgap. Even more, the narrowing of the bandgap, caused
by the spin transition, is monitored by following the composite photoluminescence in both spin
states and corroborating the conductivity results (Figure 1c).

Figure 1. a) HR-TEM images of the decorated MoS2. b) thermal variation of the conductivity in
the heating and cooling modes of the heterostructure. c) PL spectra of the same composite in LS
and HS state.
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Development of increasingly miniaturized electronic devices is a growing area as it opens
the possibility of studying nanoscale electronic circuits. In this context, molecular electronics is
the field of science that studies the electron transport phenomena at the scale of one individual
molecule. A wide variety of molecular bridges have been recently described and they can be
useful as different electronic components such as wires, transistors, switches, etc.[1] However,
few examples of molecular potentiometers have been reported and, up to now, most of them have
low or moderated modulation factors. On the other hand, spintronics is a field focused on the
design of compounds capable of working as spin filters. In this way, the electron spin could be
used as an additional variable in electron transport control, improving information storage,
processing and even encryption. At molecular scale, when the filtering process happens through
a chiral organic compound is based on the chiral-induced spin selectivity (CISS) effect.[2] Keeping
all of these in mind, here we show a new family of stapled foldamers based on orthooligophenylenethynylenes (o-OPEs). These compounds show good electronic properties as
potentiometers, improving the features of similar structures found in literature.[3] It is due to the
staple, which allows the helix to be stretched but without completely losing its folding. In addition,
the use of a chiral staple allows the synthesis of an enantiopure helix, thus making it a spin
potentiometer. In this case, we can control not only the intensity of current depending on distance,
but also its spin, opening the door to a new and interesting research field.
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AND J-AGGREGATES
C. Estévez-Varelaa, S. Núñez-Sáncheza, J. Pérez-Justea and I. Pastoriza-Santosa
a

Functional NanoBioMaterials Group, Centro Singular de Investigaciones Biomédicas (CINBIO)
and Departamento de Química Física, Universidade de Vigo, 36310 Vigo, Pontevedra, Spain
e-mail: carla.estevez.varela@uvigo.es

Keywords: Surface plasmon resonance, exciton, J-aggregate, strong coupling.
Strong coupling is a specific resonance interaction that could happen between a confined
electromagnetic field and a molecular transition. This phenomenon occurs when the energy
transfer between the light and the molecular transition is larger than their average dissipation.
This leads the formation of a matter-light hybrid state and a new quasi-particle, called plexciton,
with properties that are different from the original particles[1,2]. Strong coupling regime can be
achieved through the coupling of localized plasmons in metal nanoparticles and exciton
transitions. Thus, J-aggregates, due to the high dipole moment of its exciton transition, in
combination with plasmonic nanoparticles have been widely used to obtain plexciton systems[2].
Recently, publications evaluated the uses and applications of this light-matter interaction in fields
like energy, catalysis or optical communications[1].
These metallic nanoparticle-J-aggregate hybrids show limited colloidal stability (strongly
dependent on the dispersion medium). Here in this work, we have selected Au@Ag@mSiO2
nanorattles to fabricate different hybrids with strong exciton-plasmon coupling properties after
combining with different cyanine-based J-aggregates. The plasmonic nanoparticles are
composed by a Au@Ag nanorod inside of a mesoporous silica capsule. While the role of the
plasmonic nanoparticle is to interact with the J-aggregate, the mesoporous silica shell would
enhance the colloidal stability. These hybrid systems has been obtained by diffusion of the
monomers of cyanine dyes inside of the nanorattles through the mesoporous shell and triggering
the J-aggregation formation on the surface of the Au@Ag nanorods via changing the properties
of the surrounding medium. The optical response of these hybrids have been analysed by UV-vis
spectroscopy, and the morphology by Transmission Electron Microscopy (TEM). Finally, the
possibility of using these metallic nanoparticle-J-aggregate hybrids as SERS tags have been also
analysed.

Figure: a) Extinction spectra of the Au@Ag@mSiO2 nanorattles (black) and Au@Ag@mSiO2-Jaggregate hybrids exhibiting strong coupling (red). b) Transmission Electron Microscopy (TEM)
image of the Au@Ag@mSiO2-J-aggregate hybrids.
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Molecular systems have proven to be efficient active materials in electronics, being
possible alternatives to the inorganic semiconductors used nowadays in electronic devices. For
this reason, organic electronics has emerged as a research field with great potential and interest.
In this project, an experimental and theoretical study of two carbazole-based macrocycles is
presented (Figure 1). Specifically, we investigated the impact of the inclusion of acetylene groups
on the electronic and molecular structures of these macrocycles, as well as their potential as
charge transporting materials. The first studied compound (Cz) is composed by four carbazole
groups linked at their para position with respect to the nitrogen atom[1]. In the second compound
(ACz), the carbazole units are connected through ethynylene groups[2]. For this study, Raman
and UV-Vis absorption spectroscopies have been used in combination with theoretical
calculations based on the density functional theory (DFT). In addition, the two studied compounds
have been implemented in organic field-effect transistors (OFETs), to assess their potential as
active materials in organic electronics. Overall, the inclusion of ethynylene groups as πconjugated spacers is found to be a good strategy to improve the electronic delocalization in
macrocycles.

Figure 1. Chemical structures (left) and DFT-optimized geometries (right) of the studied
macrocyclic carbazoles: (A) Cz and (B) ACz
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Subphthalocyanines (SubPcs) are cone-shaped aromatic
macrocycles that can be functionalized in their peripheral
and/or axial positions. When properly functionalized with
electroactive units, SubPcs can give rise to electron donoracceptor (D-A) systems, in which photoinduced charge
separation states can occur, which is very interesting for
photoenergetic and optoelectronic applications.[1]
In this report, two new SubPc-tetracyano extended-aniline
systems have been synthesized by a cycloadditionretroelectrocyclization reaction (CA-RE)[2] between
R12SubPcs (R = H or F) axially substituted with an
ethynyldimethylaniline subunit, with an electronMolecular structure of H12SubPcwithdrawing
subunit
like
the
7,7,8,8TCNQ-aniline 1 and F12SubPctetracyanoquinodimethane (TCNQ) (Figure 1).
TCNQ-aniline 2.
Conjugates H12SubPc-TCNQ-aniline 1 and F12SubPcTCNQ-aniline 2 are obtained as a racemic mixture of two atropisomers that have axial chirality.
For each conjugate, both the Sa and Ra atropisomers were isolated by the use of chiral high
performance liquid chromatography. The Sa and Ra atropisomers, which resulted to be
configurationally stable compounds, showed mirror-image circular dichroism spectra, confirming
their enantiomeric relationship. The racemization process of atropisomers has also been studied
in thermal and light conditions. Additionally, UV-vis absorption studies on conjugates 1 and 2 and
their precursors have been carried out, suggesting, in the former compounds, the occurrence of
a charge transfer process between the electron acceptor TCNQ unit and the electron rich aniline.
This band has a pronounced solvatochromic character, and red-shifts upon increasing the polarity
of the solvent.
References:
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Helicenes are polycyclic aromatic hydrocarbons (PAHs) that present helical chirality
through a fully conjugated structure.[1] In our quest to get new helicenic structures able to selfassemble on gold surfaces, we synthesized 3,14-diselena[7]-, 3,18-diselena[9]-, 3,20diselena[10]- and 3,22-diselena[11]helicenes, structures with heteroatoms located in the terminal
cycles of the backbone of the molecule outside of the helix. Terminal heterocycles as
selenophene endow the molecule with an enhanced affinity towards the gold surface while the
helical, fully conjugated structure is preserved. This research is focused on the design and
synthesis of helicenic compounds and the future study of different topological arrangements and
conductive behaviour on gold surface.
To achieve this, we performed a modular synthetic route based on the use of a
hydroborinated intermediate as the key fragment to carry out a Suzuki coupling and a final
oxidative photocyclization steps.[2] Our group developed a photoirradiation LED system which
allowed to afford the final helical molecules in high yields.
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In the last few years, the research on magnetic nanoparticles (MNPs) in fields such as
biomedicine has increased due to the possibility of using them as theragnostic agents, with MNPbased magnetic hyperthermia standing out as an alternative therapy for the treatment of cancer.
Nevertheless, the incorporation of MNPs to a biological environment involves two substantial
limitations: MNPs tend to agglomerate reducing their magnetothermal capacity and they are
prematurely eliminated by endocytic mechanisms, limiting the effectiveness of the therapies. In
order to overcome these two handicaps, the manufacturing of hybrid microdiscs (MDs)
(polymeric-inorganic) as platforms to support the MNPs is proposed. These MDs are formed by
depositing an inorganic film (Au or SiO2), a polymeric multilayer and a monolayer of magnetite
(Fe3O4) NPs on the top of a sacrificial photolithographic template. So as to obtain an efficient
microdisc lift off it is crucial to fabricate a mushroom-shaped template using a bilayer process
(Figure 1a). [1] Regarding the magnetothermal efficiency of the hybrid platform it is of great
importance to produce a monolayer of MNPs uniformly distributed with high enough NP
concentration but without significant agglomeration (Figure 1b). In order to achieve a suitable
assembly of MNPs, different parameters of the deposition process (Layer by Layer) have been
optimized (NPs concentration, spraying/rinsing times…). Additionally, we have studied the
heating capacity of four Fe3O4-NPs (Figure 2c), synthesized by thermal decomposition, and
coated with poly (maleic anhydride-alt-1-octadecene) (PMAO), with a size ranging from 20-25 nm
and different morphologies. AC magnetometry has been carried out in immobilized NPs within
Agar to emulate the NPs fixed arrangement within the MDs (Figure 1d). Since the in vitro
experiment will be carried out at 21mT and 634kHz (field-frequency clinically safe conditions [2]),
the sample with the highest specific absorption rate (SAR) under these conditions (Fe3O4-4) will
be used in the in vitro magnetic hyperthermia experiments.

Figure 1. a) SEM image of a template after the SiO2 deposition and LbL process, b) MNPs
deposited on the MD c) TEM micrographs of MNPs and d) experimental SAR versus field curves
at 634 kHz and 300 K of Fe3O4@PMAO in Agar (grey line: clinically safe conditions).
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The development of artificial proteins, in particular metalloprotein mimics, through miniaturization
or re-design processes is a growing field. In this area, the Artificial Metallo Enzyme Group (AMEG)
heme-protein mimetics by structure-based design, known as Mimochromes (MCs). MCs are
peptide-deuteroporphyrin covalent conjugates with a helix-heme-helix sandwiched [1]. In
particular, Fe(III)-MimochromeVI*a (FeMC6*a), a recently developed Horseradish peroxidase
(HRP) mimic (3.5 kDa vs 42 kDa),shows better performances in terms of reactivity and turnover
number with respect to its natural counterpart [2].
The immobilization of these artificial metalloenzymes to different surfaces may offer advantages
such as the reuse of the catalyst, its separation from the reaction medium and a better tolerance
to harsh temperature and pH conditions. In this field, the use of gold substrates either as twodimensional (macroscopic) or three-dimensional (nanometric) platforms is of special interest for
the immobilization of redox-active metalloproteins because this material can facilitate the electron
exchange with the biomolecular components.
FeMC6*a was already exploited as building block in the construction of gold-based materials, by
exploiting the SPAAC (strain-promoted azide-alkyne cycloadditon) chemistry to achieve the fastcovalent immobilization of the molecule on the target surface [3]. In particular, the immobilization
was achieved by derivatizing the mini-enzyme with a pegylated spacer to carry an azadibenzocyclooctyne (DBCO) moiety, to afford FeMC6*a-(PEG)4-DBCO. On the other hand, the
gold-based materials were properly modified to expose azide moieties, to obtain click-ready
reagents to prepare customized hybrid products.
In this work, the main objective has been the evaluation of the role of the substrate structure on
the enzyme catalytic properties. In particular, the effect of planar gold substrates and gold
nanoparticles of different shapes, either spherical, nanorod and triangular prism, has been
studied.
To start with, the gold surfaces were modified with a mixed self-assembled monolayer containing
azide terminal groups to attach FeMC6*a-(PEG)4-DBCO through a click reaction. We have
assayed different experimental conditions to achieve the optimal environment for each substrate,
considering the properties of their interfacial layers and exploited cyclic voltammetry to determine
the electron transfer rate constants of FeMC6*a attached to different substrates, with the goal of
evaluating the presence and concentration of the electroactive material on the metal surface. The
peroxidase activity has been evaluated by monitoring the reduction of hydrogen peroxide (H2O2).
Finally, the characterization of the hybrid conjugates has been made by using other techniques
such as transmission electron microscopy (TEM), infrared spectroscopy (IR) and X-ray
photoelectron spectroscopy (XPS) measurements.
Acknowledgements: We thank the Ministerio de Ciencia e Innovación (Project RED2018102412-T Network of Excellence Electrochemical Sensors and Biosensors), Junta de Andalucía
and Universidad de Cordoba (UCO-FEDER-2018: ref. 1265074-2B and Plan Propio, SUBMOD.
1.2. P.P. 2019). M.C. thanks the Ministerio de Cultura y Deporte (Ayuda FPU17/03873.) for
financial support of this work.
References
[1] F. Nastri, D. D’Alonzo, L. Leone, G. Zambrano, V. Pavone, A. Lombardi, Trends Biochem.
Sci.44 (2019) 1022–1040.
[2] G. Caserta, M. Chino, V. Firpo, G. Zambrano, L. Leone, D. D'Alonzo, F. Nastri, O. Maglio, V.
Pavone, A. Lombardi, ChemBioChem 19 (17) (2018) 1823-1826.
[3] G. Zambrano, M. Chino, E. Renzi, R. Di Girolamo, O. Maglio, V. Pavone, A. Lombardi, F.
Nastri, Biotech. Appl. Biochem. 67(4) (2020) 549-562.

1294

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-764

THE ROLE OF ANTIAROMATICITY IN THE SINGLE MOLECULE
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We will present a room temperature STM break junction study of the single molecule
conductance of several novel antiaromatic compounds containing a dibenzopentalene (DBP)
unit.1 The aim of the study is to determine the effect upon the electrical conductance of replacing
an aromatic group for a comparable antiaromatic unit. The compounds are based on the wellstudied oligo(phenylene ethynylene) backbone with PhSMe anchor groups and we have
investigated three different central units: phenyl, anthracene (both aromatic) and DBP
(antiaromatic).
Our results show that while the molecules with anthracene and DBP are more conductive
compared to the phenyl analogue, there is little detectable difference between the former two,
which is despite the DBP having the smallest HOMO-LUMO gap thanks to partial antiaromatic
charachter. Theoretical calculations reveal that the reason for this is that the Fermi level lies close
to the centre of the HOMO-LUMO in both cases where the difference in transmission curves is
small. As the LUMO of the DBP compound is, however, lower than the other two compounds, we
hypothesise that tuning the Fermi level alignment with appropriate anchor groups could maximise
the difference.
The bibliographic references should appear as correlative numbers between brackets[1]
and should be included at the bottom of the abstract. Figures, Schemes and Tables should be
inserted in the body text.
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Examples of molecular potentiometers, also called regulable resistors, are scarce in
literature.1,2 In this direction, molecules presenting multiple conductance values as result of the
co-existance of different conduction pathways along the molecular backbone are highly
promising.
Here, we report on the synthesis and single-molecule conductance of a paraoligo(phenylene)ethynylene (p-OPE) derivative with three well-defined conductance states.
Employing theoretical models and comparing to reference compounds we show that this effect is
due to the nonsymmetric positioning of a pyrimidine ring, acting as an in-backbone anchor group,
which opens up two new additional conduction channels.3
This strategic system displays three conduction pathways which differ distinctively in both
conductance and length. In this way, the conductance value could be modulated by selecting an
electrode distance for the molecular junction that suits with the appropiate pathway.
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Although technical improvements of electronic devices in the last decades have been
remarkable, the empirical law that predicts this trend (Moore’s law) is beginning to fail. One of the
alternatives to conventional silicon electronics attempting to meet society’s demands is
molecular electronics, which studies the use of single molecules, or molecular assemblies as
components in electronic circuits [1]. In this approach, custom-made molecules with different
structures are synthesized to perform as diodes, transistors, wires, switches... Working with
molecules allows continuing downsizing devices and also exploring and applying the new
phenomena that appear at the nanoscale.
In this work, we describe the study of a compound containing a diketopyrrolopyrrole moiety
(DPP), (Figure 1.A), an electron acceptor, which bonded to donor groups forms donor-acceptordonor complexes. Depending on the donor groups used, the resulting complex will have a specific
band gap, and consequently, tunable optical properties [2]. Moreover, these compounds exhibit a
large tendency to form bidimensional aggregates, which results in highly ordered films. Once the
compound was characterized in solution and at the air-water interphase, Langmuir-Blodgett (LB)
and self-assembled films were prepared to study the structure of the transferred monolayers onto
solid substrates. Formation of J-aggregates in the Langmuir-Blodgett films has been observed,
with a distinctive shift of the DPP UV-vis peak to higher wavelengths (Figure 1.B) [3]. On the other
hand, molecules in self-assembled films interacted differently, without forming J-aggregates. This
result paves the way for the application of the obtained molecular assemblies by the LB method,
with tunable optical properties, in optoelectronic devices.

Figure 1. A: Structure of the compound here studied. B: UV-vis spectrum in solution (red) and
spectrum of a LB film (blue).
Acknowledgements: Authors acknowledge grant PID2019-105881RB-I00 funded by MCIN/AEI/
10.13039/501100011033. J.M. B acknowledges Grant PRE2020-093409 funded by MCIN/AEI/
10.13039/501100011033.
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Single-molecule magnets (SMM) are molecules able to retain their magnetization, in the
absence of a magnetic field.[1] The slow relaxation of the magnetization is due to the intrinsic
magnetic anisotropy of the molecule, and it confers a preferred direction to the spin of the system.
The importance of this type of molecules arises from the potential use of their magnetic bistability
in data storage devices, molecular spintronic and quantum computing.[2] However, despite great
advances in the field, there are still several problems that limit their applicability.
For their different applications it is necessary to be able to tune and control the intrinsic
magnetic anisotropy as well as the existing spin relaxation mechanisms. For the former different
approaches have been proposed, in particular, for mononuclear first-row transition metal
complexes we developed a qualitative model that let us to predict the magnetic anisotropy based
on the coordination number and electronic structure of paramagnetic center.[3] The latter is a hot
topic in the field. The rationalization of the magnetic relaxation usually involve several spin
relaxation processes, Orbach, direct, Raman, tunneling and local mode and we need to further
understand these spin relaxation processes to slower them. It is needed to control the interaction
of the spin with the local vibrations of the molecules and the bypass of other relaxation processes,
such as those promoted by dipolar interactions.
Herein we present some experimental and computational results for the understanding of
the spin relaxation processes including the local mode spin relaxation process in ferrocenium[4]
and in different dilution conditions as well as the use of a new strategy, the encapsulation of
mononuclear SMMs in organic hosts, to slow the spin relaxation by removing the dipolar
interactions, isolating the SMMs, and providing a more rigid environment to the SMM.
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Magnetic molecular materials are crucial for the development of quantum-coherent
nanoscience.[1] The addressability and manipulation of their quantum levels have been proposed
for a long time, and recently achieved experimentally.[2] Molecular spin systems based in transition
metals attracted our attention because of their hyperfine transitions and narrow lines in
continuous-wave electron para-magnetic resonance (CW-EPR). Examples include V4+
complexes, which exhibit most of the desirable features for quantum information processing
(QIP).[3,4,5]

Figure 1. Representation of the vanadyl pair in a dimeric porphyrin scaffold.
Here, we report the synthesis and study of two vanadyl pairs on a dimeric porphyrin
scaffold. The vanadium atoms are embedded in a nearly flat and fully conjugated π-cloud, with a
V···V distance of around 8.4 Å for both compounds (syn and anti isomers, Figure 1). The
molecular systems include two weakly coupled metallic centers with electron (S = 1/2) and nuclear
(I = 7/2) spin each. Magnetic studies revealed the interactions involved in these systems which
show long spin-lattice relaxation times (T1) and coherence times (Tm) in spite of the large
functionality, as well as Rabi oscillations. The structural characterization together with the
magnetic studies provide further insight into the nature of weakly coupled vanadyl dimers and
their potential implications in quantum technologies.
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In 2021, global CO2 emissions corresponding to the oil sector only decreased by 6%
compared to 2019. [1] Therefore, the environmental impact generated by this gas remains and
will continue to be very significant in the coming decades. Among the most interesting solutions
to reduce these emissions is methane production by CO2 hydrogenation, after CO2 capture, using
H2 obtained from water electrolysis. This hydrogenation is known as the Sabatier reaction, which
is shown below. [2]
𝐶𝑂2 + 4𝐻2 ↔ 𝐶𝐻4 + 2𝐻2 𝑂
∆𝐻0
𝑘𝐽
= −165
(1)
𝑚𝑜𝑙
Since the methanation reaction is exothermic and CO is produced at high temperatures, it
is necessary to maintain the reaction temperature between 200 and 350 ºC. On the other hand,
the removal of water by-pdroduct by means of adsorption would lead to overcome the
thermodynamic equilibrium limitations. [2]
This work focuses on studying the water selective adsorption capacity of several nickel
based catalysts, nickel exchanged LTA zeolite (Ni5A), nickel exchanged FAU zeolite (Ni13X), in
addition to the titanosilicate NiETS-4, and the commercial NiSiAl catalyst. These catalysts have
been synthesized by ion exchange from a 1M solution of nickel nitrate hexahydrate. After
characterizing the catalysts, the diffusional and equilibrium parameters are obtained at 200, 250,
300 and 350 ºC from a kinetic model fitted to the experimental pulses from proprietary software.
[3] Henry constants, reciprocal diffusion constants using the Arrhenius equation and adsorption
heat were obtained. Of the catalysts tested, Ni5A adsorbs the most water and the least CO2 at
each temperature. Table 1 shows the results corresponding to the experiment at 250 ºC.
Table 1. H2O and CO2 Henry’s constants obtained at 250 ºC.
Catalyst

KH,H2O (mol/kg∙Pa)

KH,CO2 (mol/kg∙Pa)

Ni5A

1.40∙10

-4

3.63∙10-7

Ni13X

7.52∙10-5

7.12∙10-7

NiETS-4

2.01∙10-5

8.07∙10-7

NiSiAl

1.94∙10-5

7.64∙10-7
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Manure is one of the main organic residues generated in intensive livestock farming. This residue
-together with others from the livestock and agricultural sector- can be treated through anaerobic
co-digestion to obtain biogas. However, some pollutants, from biogas, such as CO2 and trace
amounts of other gases, must be reduced in order to broaden biogas applications [1]. CO2 capture
helps to reduce greenhouse gas emissions and to increase biogas energy density. Apart from the
high costs of biogas purification, anaerobic digestion presents additional environmental problems
associated with the digestate management. The pyrolysis of the solid fraction of the manure
digestate (SMD) may be a solution that would allow to treat this residue, producing a
carbonaceous solid or char with adequate properties for its use as a low-cost adsorbent for biogas
cleaning [2]. The chemical and textural properties of char depend on the pyrolysis conditions and
on the SMD composition, which is highly variable. A strategy to analyze the effect of composition
on the properties of char is to study the pyrolysis of its main components, such as cellulose, lignin,
soy protein and CaCO3, and to evaluate the adsorption capacity of the chars obtained.
Pyrolysis experiments of the main SMD components have been carried out in a fixed-bed reactor
of 2-3 g capacity at 750 ºC with a heating rate of 10 ºC/min and during 1 h at the final temperature.
The CO2 adsorption capacity, of the chars at 25 ºC and different CO2 concentrations in the gas
(0.5-100 % in volume), has been studied in a fixed-bed equipped with a mass spectrometer to
monitor the effluent gas composition, obtaining the corresponding isotherms.
The functional groups present on the surface of the char have been identified by X-ray
Photoelectron Spectroscopy (XPS). The textural properties (specific surface, pore volume and
pore diameter distribution) have been determined by adsorption and desorption tests with N2 at
77 K and with CO2 at 273 K. The data obtained have been analyzed according to the following
methods: Brunauer-Emmett-Teller (BET) for the N2 adsorption tests and Dubinin-Radushkevich
(DR) and Non-Local Density Functional Theory (NLDFT) for the CO2 ones.
The chars from the organic components of the SMD present a higher adsorption capacity than
the char of the SMD itself, indicating that its inorganic fraction restrains the CO2 adsorbent
properties of the char. In fact, the char obtained from CaCO3 hardly adsorbs CO2. Cellulose and
lignin chars present higher adsorption capacity, BET surface and micropore volume than char
from soy protein. However, SMD char with higher BET surface than soy protein char shows lower
CO2 adsorption capacity. Therefore, to obtain low-cost solid adsorbents, it could be interesting
to carry out a co-pyrolysis of SMD with residues rich in cellulose and lignin to increase the capacity
of char to adsorb CO2.
The analysis of the structural properties of the char shows a direct relationship between the CO2
adsorption capacity and the ultra-micropore volume (obtained by NLDFT). The experimental data
reveal that the presence of N-functionalities on the char surface (when using high nitrogen content
raw materials) hardly affects the CO2 adsorption capacity.
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Nowadays, the quality of groundwater destined for human consumption in Spain is mainly
threatened by the presence of two inorganic pollutants: nitrate (NO3-) and arsenic (As). The
presence of these species has compromised the distribution of safe drinking water in numerous
villages in the Duero basin, as is the case of Lastras de Cuellar (Segovia). Among these
contaminants, arsenic presents a special challenge in terms of water conditioning, since the
maximum permitted amount of arsenic in drinking water is 10 µg/L. The main technologies
developed up to date for arsenic elimination from water are ionic exchange,
coagulation/flocculation, and adsorption (onto iron oxo-hydroxides), the latter being the most
extended technique.
In water, arsenic species can exist as arsenite – As(III) – or arsenate – As(V). more toxic
than arsenate and, furthermore, its adsorption onto Fe-based adsorbents is practically negligible.
Therefore, for adequate arsenic species elimination, arsenite should be converted by the
oxidation process into arsenate prior to its adsorption. In prior work, our group demonstrated that
UV-assisted Catalytic Wet Peroxide Oxidation was an effective method for arsenite oxidation to
arseniate [1]. This advanced oxidation process is based on the decomposition of H2O2 on the
surface of a solid redox catalyst based on iron, yielding hydroxyl (HO•) and hydroperoxide radicals
(HOO•), which are responsible for the oxidation process. As a result, the current research aims
to create a combined arsenic photoassisted oxidation and arsenate adsorption process using
iron-bearing minerals such as magnetite (Fe3O4), ilmenite (FeTiO3), hematite (Fe2O3), and
goethite (FeO(OH)).
Initial runs were carried out in ultrapure water at 100 g/L of As(III), with a mineral load of
100 mg/L and a H2O2 concentration of 10 mg/L. The mineral load and H2O2 dose were then
optimized for maximum arsenic removal before testing the process in real Lastras de Cuellar
groundwater with and without an As(III) spike. Arsenic was followed using an scTRACE gold
apparatus (Metrohm), whereas H2O2 was evaluated by spectrophotometry using the TiOSO4
colorimetric method.
Results show that when working in real groundwater matrices, both the organic and
inorganic species in them are responsible for hydroxyl and hydroperoxide scavenging reactions,
which diminish the process efficiency, resulting in slower arsenic removal kinetics. Still, arsenic
species oxidation and removal from the aqueous phase is feasible under the tested conditions,
resulting in aqueous effluents with an arsenic species concentration below the current regulations.
Thus, the combined UV-CWPO/adsorption process is a promising technology for water
conditioning. Future work will comprise changing from a batch reactor to a continuous operation.
In which the combination of reduction processes for nitrate removal is followed by UV-CWPO for
arsenic removal processes.
References
[1] A.L. Garcia-Costa, A. Sarabia, J.A. Zazo, J.A. Casas. UV-assisted Catalytic Wet Peroxide
Oxidation and adsorption as efficient process for arsenic removal in groundwater, Catalysis
Today, 361, 176-182, 2021
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BISPHENOL A PHOTODEGRADATION IN AN EXCIPLEX FLOW-THROUGH
PHOTOREACTOR
M.D. Murcia, A. Bódalo, J.L. Gómez, E. Gómez, M. Gómez and M. Serrano-Arnaldos
Chemical Engineering Department University of Murcia
e-mail: md.murcia@um.es
Keywords: Bisphenol A, photodegradation, exciplex flow-through
Bisphenol A is catalogued as emerging pollutant presented in the environment due to its
extended use mainly in polymer industry. It has been described that bisphenol A can act as a
endocrine disruptor even at low doses. Conventional biological methods are not able to
completely remove bisphenol A, different photochemical methods have been studied.
Conventional oxidation methods suffer from the formation of chlorinated compounds or low
efficacies, advances oxidation processes (AOPs) have been able to achieve complete
mineralization of the most recalcitrant contaminants due to their high oxidant power. Among them,
excimer lamps or excilamps are new UV sources based on transitions of exciplex or excimer
molecules, being their main advantage the emission in a narrow band UV radiation.
In this study bisphenol A removal has been tested with a continuous total recirculation
photo reactor equipped with an excimer technology KrCl lamp that emits 222 nm UV radiation
and using hydrogen peroxide as an oxidizing agent.
Three experimental series have been carried out. Firstly, mass ratio hydrogen
peroxide:bisphenol A has been varied. As it can be expected (Figure 1) reaction progress is faster
as mass ratio hydrogen peroxide:bisphenol A increases presenting an optimum for the mass ratio
6:1.
1,0
0,9
0,8
0,7

Conversion

0,6

0,5
0,4
0,3
0,2
0,1
0,0
0

20

40

60

80

100

120

140

Time (min)

Figure 1. Variation of Mass ratio [H2O2]0:[Bisphenol A]0, bisphenol A conversion versus time,
experimental and calculated values. V= 250 mL. [Bisphenol A]0 = 50 mg, [H2O2]0 (mg/L) = ♦ 0, ■
50, ▲ 100, ● 150, * 200, x 250 and – 300.
Secondly, bisphenol A initial concentration has been varied between 25 and 100 mg/L to achieve
their optimal level for complete elimination. Finally, the influence of the reaction volume in
bisphenol A removal has been studied, obtaining that the reaction is more efficient with low
reaction volumes. Additionally, the validity of a pseudo-first order kinetic model previously
proposed by the Research group [1,2] has been tested and validated with an excellent fitting of
all experimental data. This model agrees with the observed dependence of the pseudo-first order
kinetic constant on different experimental variables.
References
[1] M.D. Murcia, M. Gómez, A.M. Hidalgo, S. Murcia, D. Campos. Comparison of two excilamps
and two reactor configurations in the UV-H2O2 removal process of amaranth. J. Water Process.
Eng. 2020, 33, 101051.
[2] M. Gómez, M.D. Murcia, E. Gómez, S. Ortega, A. Sánchez, O. Thaikovskaya, N. Briantceva.
Modelling and experimental checking of the influence of substrate concentration on the first order
kinetic constant in photo-processes. J. Environ. Manage. 2016, 183, 818-825.
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BOOSTING THE SEPARATION OF F-GASES WITH FUNCTIONALIZED
MEMBRANES FOR CLIMATE CHANGE MITIGATION
S.V. Gutiérrez-Hernández,a F. Pardoa G. Zarcaa and A. Urtiagaa
a

Departamento de Ingenierias Química y Biomolecular, Universidad de Cantabria, Avda. Los
Castros, s/n, 39005 Santander, Spain
e-mail: gutierrezsv@unican.es

Keywords: Hydrofluorocarbons, mixed matrix membranes, gas separation
Hydrofluorocarbons (HFCs) are greenhouse gases (GHGs) with a high global warming potential
(GWP), which are widely employed in refrigeration and air conditioning (RAC). The production
and consumption of HFCs are regulated by the Kigali Amendment to the Montreal Protocol (2019)
and the European Regulation 517/2014, which are forcing the RAC sector to look for more
sustainable alternatives aligned with the circular economy model (recovery-recycle-reuse). Thus,
the goal is to recover the low-GWP compounds of spent HFC/HFC mixtures and reuse them in
novel environmentally-friendly HFC/HFO (hydrofluoroolefin) mixtures. The main challenge for FGas recycling is the azeotropic or near azeotropic behavior of HFC/HFC mixtures, which requires
the implementation of advanced separation processes for the selective separation and recovery
of the value-added HFCs, i.e., those with lower GWP.
In this work, membrane technology is assessed as an innovative solution for the
separation of the components of the mixture R410A (HFC-R32 (difluoromethane) / HFC-R125
(pentafluoroethane) 50/50 wt%).[1] The so-called Mixed Matrix Membranes have been
synthesized as new functionalized materials to boost the separation performance of pure
polymeric membranes.[2] In this regard, the Pebax 1657® polymer matrix has been functionalized
with zeolite 4A particles as dispersed phase. The gas permeation results revealed that MMMs,
with a zeolite 4A concentration up to 50 wt%, simultaneously improved the single gas permeability
in a magnitude of 310% and 330% for HFC-R32 and HFC-R125 respectively. In contrast, the
ideal gas selectivity HFC-R32/HFC-R125 remained nearly constant. All together the zeolite 4APebax 1657 MMM membrane provided a clear advantage in comparison with the pure polymer
material. Working with the real R410A refrigerant as feed gas mixture, the effect of increasing the
feed gas pressure showed an improvement of the permeability for both components whereas the
separation factor of the mixture decreased due to swelling phenomenon. Furthermore, gas
solubility experiments showed the higher adsorption capacity of the MMM material than that of
the neat Pebax 1657® for the smallest molecule, HFC-R32 (4.02 Å), whereas the adsorption of
the biggest molecule, HFC-R125 (4.80 Å) was severely hindered by the presence of zeolite 4A.
This fact is attributed to the narrow pores of zeolite 4A (3.8 Å) which are more easily accessible
to the HFC-R32. Therefore, considering both the permeation and sorption experiments, the
results suggest that the adsorption of the HFCs in the zeolite 4A is a kinetic process that does not
yield any enhancement of the ideal gas selectivity in the steady-state permeation experiments.
To sum up, new functionalized Pebax 1657/zeolite MMMs are a promising technology for
the separation of the near azeotropic mixture R410A, enabling the recovery of HFC-R32 and its
reuse for the formulation of new mixtures, and thus, reducing the environmental impact of the
production and consumption of new F-gases.
Support from project PID2019-105827RB-I00 funded by MCIN/AEI/10.13039/501100011033 is
gratefully acknowledged. S.V.G.-H. also acknowledges the grant PRE2020-093568 funded by
MCIN/AEI and FSE "FSE invests in your future".
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CATALYSED CONDENSATIONS OF GLYCEROL TO CYCLIC ACETALS
FROM PURE GLYCEROL AND RAW GLYCEROL FROM BIODIESEL
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In recent years, the large surplus of crude glycerin generated as by-product in biodiesel
production is affecting the profitability of the process.[1] Although there is a wide range of potential
uses for glycerol, they are limited by its purity degree.[2] This is especially important in the
conversion of glycerol into value-added products.[3] The effective utilization of crude glycerol
instead of purified glycerol should contribute to the viability of biodiesel manufacturing.[4]
Glycerol ketals and acetals are used in the biofuel industry as additives for biodiesel itself.[5]
Furthermore, cyclic glycerol acetals are important as building blocks in organic synthesis. In this
work, synthesis of cyclic acetals of glycerol and benzaldehyde was studied under acid catalysis,
starting from pure and crude glycerol samples. Sulfuric acid and AmberlystTM-36 were used as
catalysts, and the reactions were carried out in toluene with a Dean-Stark to remove the water.
Both 1,2- and 1,3-acetals can be formed in the reaction, and mixtures of 4 isomers (cis- and transstereoisomers of each regioisomer) were obtained in all cases. Firstly, we intended to identify the
reaction conditions (temperature, time, catalyst) that influence the product composition and,
secondly, to optimize the synthesis of cis-1,3-benzylidene glycerol acetal, the only one that is a
solid.

Differences between raw glycerol and pure glycerol were observed in reaction time, catalysis
proportion and obtained regioisomers ratio. Reaction mixtures could be led, in all cases, to a
thermodynamic ratio 1,3/1,2 = 60/40 as described in the literature.[6]
Finally, after purification of the major isomer cis-1,3, we could re-equilibrate the residual acetal
mixtures from the purification process and obtain a global yield higher than thermodynamic.
References
[1] S. Nomanbhay, R. Hussein, M. O. Yin. Green. Chem. Lett. Rev. 2018, 11, 135–157.
[2] H. W. Tan, A. A. R. Abdul, M. K. Aroua, Renew Sust. Energ Rev. 2013, 27, 118–127.
[3] F. Yang, M. A. Hanna, R. Sun. Biotechnology for Biofuels 2012, 5-13.
[4] J. Kaur, A. K. Sarma, M. K. Jha, P. Gera. Biotechnol. Rep. 2020, 27, e00487.
[5] A. T. Kiakalaieh, N. A. S. Amin, N. Najaafi, S.Tarighi, Front Chem. 2018, 6, 573.
[6] J. Deutsch, A. Martin, H. Lieske. J. Catal. 2007, 245, 428–435.
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CERIUM-SUPPORTED La1-xCaxNiO3 (WITH x=0-0.5) AS PRECURSOR OF
EFFICIENT DUAL FUNCTION MATERIALS FOR THE CYCLIC OPERATION
OF CO2 ADSORPTION AND IN-SITU HYDROGENATION TO CH4
S. Pérez, J. A. Onrubia-Calvo, A. Bermejo-López, J. A. González-Marcos and J. R. GonzálezVelasco
a
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Power to Methane (PtM) technology is considered as one of the most promising alternatives for
the reduction of CO2 anthropogenic emissions through its valorization into synthetic natural gas
(CH4). Carbon dioxide from flue gas can be combined with H2 generated with surplus electric
power from renewable energies according to the Sabatier reaction: CO2 + 4H2 ↔ CH4 + 2H2O.
Recently, the use of Dual Function Materials (DFMs) to achieve CO2 conversion from diluted
streams without needing a previous stage of sequestration and concentration has been published
[1]
. The DFMs contain an alkaline or alkaline earth metal (Ca, Na, Ba, K, etc.) which adsorbs CO2
and a noble metal (Ni or Ru) to promote the methanation reaction. In this technology, the
operating conditions are modified at regular intervals to switch between capture (adsorption) and
methanation (hydrogenation) modes.
The main objective of this study is to analyze the feasibility of perovskite-based formulations as
precursors of highly active, selective and stable DFMs for the methanation of CO2 from diluted
streams. For this purpose, a series of 20% La1-xCaxNiO3/CeO2 (with x=0-0.5) catalysts were
prepared by combined citric acid and wet impregnation method. The physico-chemical properties
have been analyzed by different characterization techniques: N2-physisorption, temperature
programmed desorption (CO2-TPD, H2-TPD), reduction (H2-TPR) and surface reaction (TPSR).
The catalytic activity of the samples was evaluated in a vertical stainless steel tubular reactor.
Prior to the analysis, the catalytic precursor (20% La1-xCaxNiO3/CeO2) was reduced at 550 ºC (2
h) to ex-solve Ni0 nanoparticles from the perovskite host.
XRD analysis confirm that the perovskite phase is well conformed for all formulations. This phase
is completely destroyed after controlled reduction step, leading to Ni0-La2O3-CaO/CeO2 formation.
The increase in calcium content in substitution of lanthanum decreases the specific surface areas
(SBET) from 51 to 43 m2 g-1. On the other hand, CO2-TPD experiments with adsorbed CO2 revealed
that the decomposition of surface carbonates is favoured for the catalysts with higher Ca content
due to the higher concentration of the medium and strong basic sites, whereas the concentration
of the weak basic sites follows the opposite trend. Figure 1 shows the evolution of CH4 production
with the reaction temperature for the different formulations
prepared. Note that the nomenclature was simplified by de
degree of substitution of La by Ca (x=0-0.5). It is observed
that CH4 production is favored with higher Ca contents,
achieving values of 188.8 and 178.9 µmol CH4 g-1 for the
DFMs obtained from 20% La0,5Ca0,5NiO3/CeO2 and 20%
La0,6Ca0,4NiO3/CeO2 precursors. This fact is ascribed to the
presence of higher concentration of medium and strong
basic sites, which favors the CO2 adsorption and the
subsequent
hydrogenation,
especially
at
high
temperatures. Furthermore, these materials show high
stability and reversibility in absence/presence of O2
during adsorption period. Thus, these novel materials
Figure 1- Evolution of CH4 production for
emerge as a promising DFMs for CO2 adsorption and inthe catalysts obtained from perovskites of
situ hydrogenation to methane.
20% La1-xCaxNiO3/CeO2 (with x=0-0.5).
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CHITOSAN-BASED BIOPOLYMER MEMBRANES FOR CO2/CH4
SEPARATION
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e-mail: casadoc@unican.es
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Membrane technology can be considered as a green alternative process for the separation
of CO2 from residual gas streams, meeting sustainability concepts as low energy consumption
and footprint. However, commercial CO2 selective membranes are still based on oil-derived
polymer materials whose fabrication is chemical or energy intensive. Biopolymers and materials
from other renewable sources have been long studied as a potential alternative to produce
environmentally friendly membranes of comparable permeability, selectivity and stability as
existing membranes [1].
Chitosan is a biopolymer obtained from natural resources with high affinity for CO2. The
functional groups present in the molecular structure (Figure 1) allow for the high hydrophilicity and
swelling capacity, facilitating CO2 transport through the solid matrix and encumbering the
mechanical resistance of the self-standing film in the long term. Blending with dispersed fillers
and coating on robust supports are two usual approaches in membrane technology. Figure 2
shows how blending chitosan with non-toxic ionic liquids and selected porous nanoparticles also
improved CO2 separation properties over the state-of-the-art of polymeric-based membranes [2]
and coating of chitosan-based layers on used thin film polyamide layers proved promising results
for renewing the lifespan of membranes by a simple sustainable coating method [3].
In this work, we study the effect of blending of chitosan with other biopolymers and
biodegradable low-cost polymers, i.e. cellulose acetate, starch and polyvinyl alcohol on the water
uptake, ion exchange capacity and the correlation with CO2 solubility, permeance and CO2/CH4
separation performance to enhance simultaneously the selectivity and permeability for the
recovery of both gases using membranes fabricated under sustainability criteria.
CO2/CH4

Figure 1. Molecular formula of
chitosan biopolymer.
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Figure 2. Trade-off between CO2 permeability and CO2/CH4
ideal selectivity for biopolymer based membranes.
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COMPARATIVE STUDY OF GRAPHENE-BASED NANOMATERIALS
DISPERSED ON POLYCAPROLACTONE MEMBRANES FOR ASTROCYTIC
CELL DIFFERENTIATION
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In recent years, the design of novel functional materials to be used as scaffolds for improving cell
proliferation and differentiation in tissue engineering has received increasing attention. They
should contain suitable physicochemical, mechanical, electrical, and transport properties to
develop reliable in vitro neural models for the study of relevant processes such as central nervous
system (CNS) drug delivery through the blood-brain barrier (BBB)[1].
Polycaprolactone (PCL) is a biocompatible polymer widely used as cell culture platform due to its
processing versatility. However, it presents some disadvantages such as hydrophobicity and
absence of functional groups which results in poor cellular adhesion and incapacity to induce
cellular differentiation[2]. Interestingly, the incorporation of graphene-based nanomaterials (GBNs)
into the polymeric matrix has been used to overcome these drawbacks[3]. Nevertheless, the
results highly depend on the characteristics of the GBNs, and the controversial discussion about
the underlying mechanisms of cellular responses remain unclear requiring further investigation[4].
The main aim of this work is to present a comparative study of the effect on astrocytic
differentiation of four GBNs with different properties: Gmec, a multilayered graphene produced by
mechanical exfoliation; Ganodic, a low-oxidized graphene via anodic exfoliation; GO, produced by
chemical oxidation of graphite and exfoliation; and rGO, produced by hydrothermal reduction of
the GO. This study will be performed in 2D PCL/graphene-based (PCL/GBN) composite
membranes synthetized by phase inversion. GBNs and flat composite membranes will be
characterized. The differentiation of rat C6 glioma cells towards astrocytes will be assessed by a
morphometric analysis, and by the monitorization of the activation of specific genes that encode
the transcription of the glial fibrillary acidic protein (GFAP) and the glutamate aspartate transporter
(GLAST), and the expression of nestin protein.
Results demonstrate that the presence of chemical structural defects of GBNs (particularly rGO
and GO) confers distinctive properties to PCL/GBN membranes that promote significantly the
astroglia differentiation.
This research was supported by projects PID2019-105827RB-I00/AEI/10.13039/501100011033
and PCI2018-092929 funded by MCIN/AEI/10.13039/501100011033/ (5th EIG-Concert Japan
joint call). M. Mantecón-Oria acknowledges the FPU grant (19/02324) awarded by the Spanish
Ministry of Science and Innovation.
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COMPARISON OF CATALYSTS IN THE PRODUCTION OF GLYCEROL
CARBONATE BY TRANSCARBONATATION
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The production of biodiesel by transesterification of fatty acids from various oils with high
triglyceride content involves the co-production of glycerol in a significant amount (10% of the initial
mass of oil). Thus, most of the glycerol on the market comes from this process (between 64 and
70% of the total glycerol) and the uses of this compound have diversified. Transcarbonation to
glycerol carbonate is a process of great interest due to the potential of this product as a green
solvent, monomer and source of various chemical compounds [1]. This process is simple, has
low environmental impact and allows the use of various catalysts: lipases, carbonates, clays,
hydrotalcites, etc., many of them with a weak basic character.
In this work we have focused on comparing different basic heterogeneous and
homogeneous catalysts (smectites, metal soaps and potassium carbonate) in terms of activity
(replenishment frequency), considering different kinetic models for the most active catalysts. The
reaction studied has been the transcarbonation of ethylene carbonate and glycerol, yielding
glycerol carbonate and monoethylene glycol, both products of interest in the chemical and
cosmetic industry. The operating conditions are mild: temperatures of 80 to 100 ºC, in the absence
of solvent and with relatively low concentrations of the catalysts (1-4% by mass with respect to
glycerol). The evolution of the medium composition is analyzed by ion-exclusion HPLC with
Rezex™ ROA-Organic Acid H+ columns (Phenomenex). Analysis of the data obtained using
Aspen Custom Modeler allows the selection of the most appropriate kinetic models.
At first glance, the processes with homogeneous (K2CO3, metal soaps) and heterogeneous
(Smectite and smectite derivatives) catalyst run rapidly (At 80 °C, 2% catalyst and 3:1
carbonate:glycerol molar ratio, glycerol conversions are around 61% in 4 h for smectite, and 70%
for zinc stearate). In terms of turnover frequency (s-1), relative to the activity of each active centre,
K2CO3 show values between 300 and 900 s-1 compared to 1-1.16 s-1 for the other basic catalysts,
showing a much higher activity per active centre. Curiously, while reaction rate is proportional to
K2CO3 concentration, a hyperbolic saturation trend is observed for metal soaps and clays, as
expected for reactions taking place on an interphase. In most cases, a 2:1 molar ratio between
ethylene carbonate and glycerol is the best molar ratio in terms of reaction rate and final yield to
the desired products.
Regarding the kinetic models, these are of the potential type for the metal soaps and
smectite-derived catalysts: partial first order with respect to each reactant, but an asymptotic
maximum velocity value is obtained as the catalyst concentration increases. This last trend is
linear for K2CO3.

Reference
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STUDY BASED ON FLOW AND FEED GAS COMPOSITION
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One of the most promising strategies to obtain value-added products from carbon capture
plants is the electroreduction of carbon dioxide (CO2). Among the diverse reaction products
obtained in these processes, formate or formic acid have been assessed as one of the main
products of interest, since their use as raw materials for diverse industries, and in particular, as
their promising use as reactants in low-temperature fuel cells and hydrogen carrier molecules. In
the last years, several studies and efforts have been focused on the analysis of electrocatalysts
with different nature and the diverse alternatives of the electrode configuration. However, the
effects of other compounds in the feed gas and the CO2 flow rate are rarely studied in the literature
[1]
. In this context, the main objective of this communication is to study the influence of different
feed gas conditions in the figures of merit related to the continuous CO2 electroreduction towards
formate. For this purpose, a rigorous comparative assessment has been carried out using the
same experimental setup and working conditions as the previous works developed in the DePRO
research group [2].
Firstly, different experiments were carried out varying the CO2 flow rate from 50 mL·min-1
to 400 mL·min-1 to study the effect of this variable in the performance of the electrochemical
reactor The results achieved show a maximum Faradaic Efficiency of up to 95.6% and formate
concentration of approximately 2.0 g·L-1 working with a CO2 flow rate of 150 mL·min-1.
Consequently, the influence of the CO2 and N2 concentration in the input stream has been
assessed for the electrocatalytic reduction of CO2 to formate. It is important to highlight that low
concentrations of the target product are obtained in the output stream when the CO2 concentration
in the input stream is lower than 50%. However, similar results in terms of formate concentration,
Faradaic Efficiency, rate, and energy consumption are achieved when the concentration of CO2
in the input stream is higher than 75% with respect to the use of streams of pure CO2.
Despite the promising results obtained in this work, it is required further research to collect
data about the impact of potential pollutants from flue gas emissions of principal fossil fuels. This
information would have an important value for the future scale-up of this electrochemical
technology and integration with the CO2 capture process.
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Glycerol is the main by-product during biodiesel production through the transesterification
of triglycerides (vegetable oils, animal fats, and waste oils). Around 1 ton of glycerol is generated
for every 10 tons of biodiesel produced, which could negatively affect the economic viability of
this biofuel. Therefore, many researchers have been investigated the valorisation of glycerol into
value-added products such as hydrogen [1].
This work will study the conversion of glycerol into hydrogen by the aqueous phase
reforming (APR) process using nickel-based catalysts. APR is a catalytic process performed at
relatively low temperatures (200-280 ºC) and moderate pressures (15-70 bar), obtaining gas and
liquid products. This process was introduced first by the group of Dumesic in 2002 [1,2].
Two nickel-based catalysts were prepared by the co-precipitated method described by
Raso et al. [3], changing the molar ratio of Al/Fe (1/0 and 3/1) and keeping the Ni content constant
at 28 molar %. The catalysts will be tested in a fixed bed reactor for 3 h under 2 different operating
conditions: a) 34 absolute bar, 227 ºC, and 10 wt.% of glycerol and b) 37 absolute bar, 238 ºC
and 5 wt.% of glycerol. The fresh and used catalysts will be characterised by several techniques,
such as N2-physisorption, X-ray diffraction (XRD), field emission scanning electron microscopy
(FESEM), and so on. In this context, this work will analyse the effect of iron on the
physicochemical properties of the catalyst and the operating conditions towards value-added
products such as hydrogen.
Acknowledgments
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Thanks to its outstanding properties, polyethylene terephthalate (PET) is massively used in food
and beverage packaging, as well as textile and automotive industries. E.g., more than 580 billion
bottles were produced worldwide in 2021, what has led to an alarming increase in the derived
plastic waste. This waste entails a direct damage to terrestrial and oceanic ecosystems and an
indirect stimulator of climate change due to the toxic gases released during its decomposition.
We recently investigated a depolymerization technique of this plastic that produces valuable
monomers using a green environmentally friendly solvent, ethanol, under subcritical and
supercritical conditions concluding that 225ºC and 40 bar subcritical conditions were enough to
degrade PET efficiently [1]. We herein report how ethanolysis works under previously optimized
conditions for four different types of PET waste: commercial pellets of PET reinforced with glass
fibers, two different water bottles and a third rigid bottle used for food packaging.
FTIR characterization showed typical PET peaks for all samples. However, DSC analysis, Fig. 1,
revealed a low temperature peak in the pellets profile, which has been usually attributed to less
thermodynamically stable structures. GPC also revealed differences, since PET molecular weight
of commercial pellets was lower than the others, Table 1. Both characteristics influenced
ethanolysis efficiency, Fig. 2. Degradation of less-thermodynamically-stable low Mw PET in
pellets was complete after 180 minutes of treatment, whereas degradation of the beverage bottles
and the rigid bottle did not exceed 55.7% after this degradation time.

Figure 1

Sample

Mw

Pellet

60334

Bottle 1

82747

Bottle 2

85552

Rigid Bottle 3

82891

Table 1

Figure 2

According to the ethanolysis mechanism [1], terephthalic acid (TA) is a primary degradation
product that once formed can react with ethanol to produce soluble phthalates such as diethyl
terephthalate. The different depolymerization behavior related to different materials led to different
monomer distributions. 0.7 g/g of phthalates dissolved in ethanol, 0.1 g/g of TA and 0.13 g/g of
glycols were obtained in ethanolysis of pellets after 180 minutes, in comparison to 0.45 g/g
phthalates in ethanol, 0.5 g/g of TA and negligible production of glycols for the bottles.
Consequently, the lower degradation efficiencies achieved for the bottles made the yield of
primary product TA be higher than for the pellets after the same degradation time, what highlights
the relevance of plastic properties on the process.
Funding sources: This work was supported by the Institute for Business Competitiveness of the
Regional Government of Castilla y León, Spain (grant numbers CCTT2/18/VA/0001 and
CCTT3/20/VA/0004).
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1313

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-786

DESIGN OF A PSA PROCESS FOR HYDROGEN PURIFICATION FROM
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One of the challenges presented by climate change is using hydrogen as an energy carrier
to replace fossil fuels. However, only 4% of hydrogen is obtained from renewable sources[1]. A
short-term solution to this problem involves improving traditional processes, achieving higher
energy efficiency, and making better use of waste to make them less polluting.
Hydrogen production from petrol oil accounts for 30% of the industrial hydrogen produced.
The stream obtained from this raw material contains impurities (water, methane, and higher
hydrocarbons), so it is subsequently purified through a pressure swing adsorption (PSA)
process[2].
A dual-sorbent PSA process for hydrogen purification from naphtha is designed and
simulated in this work. The first adsorbent layer contains activated alumina to trap water and
heavier hydrocarbons, and the second layer contains activated carbon to remove methane. Water
adsorption is considered in the study, which is unusual in other works.
The adsorption isotherms of water, methane, and hexane on alumina at 298, 313 and 338
K are obtained experimentally and fitted to a mathematical model. Figure 1 shows the water
isotherms.
20

q (mol kg-1)

15

H2O, 298 K
H2O, 313 K
H2O, 338 K
Model

10

5

0
0

1000

2000

3000

4000

5000

6000

7000

8000

9000

p (Pa)

Figure 1. Adsorption isotherms of water on activated alumina at 298, 313 and 338 K.
Based on the parameters obtained for alumina and those of carbon, published in the
literature[3], a study of the influence of the different variables of the PSA process on the recovery,
purity and productivity of hydrogen is carried out using PSASIM®, a simulation program that
solves the mass, energy, and momentum balances of the process.
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Almudena Benítez, Juan Luis Gómez-Cámer, Hansi Martínez, Mª Carmen Gutiérrez, Pedro
Márquez, Mª Ángeles Martín and Alvaro Caballero
Dpto. Química Inorgánica e Ingeniería Química, Instituto Universitario de Nanoquímica
(IUNAN), Campus de Excelencia CiA3, Universidad de Córdoba, Córdoba (Spain).
e-mail: q62betoa@uco.es
Keywords: olive oil, exhausted olive pomace, valorization, activated carbon, Li-S battery.
Today, in olive oil production facilities, large amounts of semi-solid waste — exhausted
olive pomace (EOP) or alpeorujo — are generated by the two-phase separation methods.
Currently, the oil mill produces 20 wt.% olive oil and 80 wt.% alpeorujo, the latter being a residue
that has no commercial interest and can be toxic to the environment [1].
The management of the EOP generated is a challenge for the olive sector, since although
the Spanish pomace industries store millions of tons per year, the increase in olive oil production
would lead to their collapse. In order to valorize this residue, this communication proposes the
use of EOP to obtain activated carbons (ACs) with good textural properties to be used in energy
storage systems (see scheme).

Scheme: Schematic diagram for the preparation of EOP-derived activated carbon/sulfur
(AC@S) composite as cathode for lithium–sulfur (Li–S) batteries.
So far, only two studies have been reported to produce AC from this by-product [2,3]. In this
work, the transformation of EOP into AC has been carried out through a novel process in three
well-differentiated stages: (A) Chemical pre-activation using several activating agents (KOH,
H3PO4 and ZnCl2); (B) Carbonization at 900 ºC (10ºC/min) for 1h, carrier gas N2; and (C)
Purification with HCl 6M. The resulting ACs showed appropriate properties to accommodate 70
wt.% of sulfur in its porosity through an easily scalable method based on wet milling with ethanol.
These AC@S composites are analyzed as cathode material in Lithium-Sulfur batteries, using Li
metal as anode and electrolyte based on LiTFSi-LiNO3, by assembly in CR2032 coin cells. Due
to the large amount of this type of raw material generated, electrodes based on these activated
carbons as high-performance cathodes in Li-S batteries demonstrate a clear advantage in terms
of sustainability, cost and scalability.
Acknowledgments:
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PID2020-113931RB-I00) and Junta de Andalucía (PYC20 RE 048 UCO).
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Ethylene oligomerization is an attractive route to produce liquid hydrocarbons, especially if
ethylene is produced from alternative sources to oil, such as biomass or CO2 hydrogenation.
However, one of the major drawbacks is still catalyst deactivation. As an alternative to commonly
used micro-sized HZSM-5, this work aims to analyze the effect of Si/Al ratio (13-185.5) on nanosized HZSM-5 zeolites, of smaller crystal size, shorter micropore and larger surface area, in order
to improve oligomer diffusion and resistance against coke deactivation[1, 2]. Nano-sized HZSM-5
zeolites, agglomerated with pseudoboehmite and α-alumina, were tested in a fixed-bed reactor
under the following conditions: 1.5 bar; 350 ºC; 10.7 gcatalyst h-1 mol-1C; time on stream (TOS), up
to 10 h. Gas products were analyzed in-situ by gas chromatography and liquid products, within
gasoline (C5-C12), were analyzed ex-situ by GC×GC/MS, and simulated distillation. Runs were
evaluated in terms of ethylene conversion, lumped product yield-selectivity and catalyst stability.
The coke content deposited on the deactivated catalysts was determined by TPD-TPO analysis;
and its nature by GG/MS analysis of the soluble coke extracted with dichloromethane.
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Fig. 1a shows the effect of the Si/Al ratio on ethylene conversion and main product (olefins,
paraffins and aromatics) yield. Ethylene conversion significantly decreases with an increase in
Si/Al ratio, from 100 % (Si/Al = 13) to 79.6 % (Si/Al =185.5), due to a substantial reduction in total
acidity and acid strength. Likewise, both aromatic and paraffin yields also decrease, whereas
olefin yield increases up to 42 % for the highest Si/Al ratio studied. Focusing on lumped product
selectivity (Fig. 1b), C3-4=, C5-7= and C8-11= selectivities are favored at higher Si/Al ratios, reaching
a maximum of 18.6 %, 21.5 % and 12.4 %, respectively. Furthermore, the selectivity of paraffins
and aromatics markedly decreases from 60 and 25 % at Si/Al = 13 to 35.2 and 4.4 % at Si/Al
=185.5 respectively. The different species identified on the extracted soluble coke are depicted in
Fig. 1c, where a higher acidity (Si/Al = 13) favors the formation of more developed compounds of
2- and 3- ring aromatics (A2, A3), whereas low acidity (Si/Al = 185.5) prevents the formation of
condensed polyaromatics, being paraffins (P) and 1-ring aromatics (A1) dominant.
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Figure 1. Effect of the Si/Al ratio on: (a) ethylene conversion and main product yield; (b) lumped
product selectivity; (c) the main species identified on the extracted soluble coke.
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Over the las few decades, the use of plastic materials has increased due to its excellent
properties, such as, light weight, resistance to corrosion, versatility, or low cost. In fact, the total
plastic production reached 367 million tons in 2020, which polyolefin plastics accounting for
almost 50% of the total amount produced[1]. This plastic is causing serious environmental
problems due to their short usage time, low degradability, and high amount landfilled.
Thermochemical conversion technologies for plastics are promising alternatives, as they allow
producing fuel and high value-added chemicals.
Pyrolysis of high density polyethylene (HDPE) was carried out in a conical spouted bed
reactor (CSBR) provided with fountain confiner and a non-porous draft tube, which allow widening
the operation range and improving the hydrodynamic behaviour of the reactor. The runs were
carried out at 550 ºC with nitrogen as a fluidization agent. Thus, a nitrogen flow rate of 7 L min-1,
which corresponds to the flow rate necessary to obtain 4 times the minimum spouting velocity[2].
The runs were performed in continuous mode by feeding 1 g min-1 of HDPE in the form of pellets
(4 mm). In order to analyze the effect of the catalyst, different amounts of spent Fluid Catalytic
Cracking (FCC) catalyst were used (7, 15, 30 and 45 g). The pyrolysis products stream was
analyzed on-line by an Agilent 7890 chromatograph provided with a flame ionization detector
(FID) and a HP PONA column by means of a thermostated line to avoid the condensation of
heavy compounds. Furthermore, the non-condensable gases were analyzed by G.A.S Compact
GC4.0 chromatograph, which allows analyzing in detail the product stream obtained.
The effect of the different amounts of spent FCC catalyst on the product yields and their
composition was studied. To compare the results obtained in the catalytic pyrolysis of HDPE, the
products have been grouped into four lumps: C1-C4 gas fraction; C5-C11 hydrocarbons; C12-C18
hydrocarbons; and C19+ or waxes. When reactions have been carried out using a space-time of 7
gcat min gHDPE-1 the main products were waxes and when the experiments have been carried out
with space-time above 15 gcat min gHDPE-1 light hydrocarbons are obtained and the C5-C11
hydrocarbons being the main one.
That showed a limited cracking activity when 7 gcat min gHDPE-1 is using because the yield
of waxes was reduced from 66 wt% to zero when space-time was increased to 15 gcat min gHDPE1
. On the other hand, the yield of gas fraction, C5-C11 hydrocarbons, and C12-C18 hydrocarbons
increases considerably from 9.6, 17.9 and 6.4 wt% to 25.5, 56.4 and 18.1 wt%, respectively.
Furthermore, the yield of C1-C4 gas fraction increases to 28.6 wt% to the detriment of the C5-C11
hydrocarbons fraction when a space-time of 45 gcat min gHDPE-1 is used. This is because an
increase in space-time leads mainly to more accessible zeolite active sites in the reaction
medium, favouring catalytic cracking over thermal cracking and increasing the yield of light
hydrocarbons.
References
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Climate change is becoming one of the greatest challenges of the 21st century. As a result,
CO2 valorization into value-added products, especially hydrocarbons, has received much
attention in the past decade[1]. The increasing demand for the implementation of these processes
at industrial scale requires studying deactivation and proposing strategies for the regeneration of
the catalysts. For the production of hydrocarbons through H2+CO+CO2 mixtures hydrogenation,
OX/ZEO tandem catalysts[2] are used. Therefore, this work aims to deepen into the effect of the
feed composition over the textural properties of the In2O3-ZrO2/SAPO-34 catalyst and over
deactivation (mainly by coke deposition) as to work in reaction-regeneration cycles for the direct
production of olefins.
Reactions with different feed composition were carried out in an isothermal fixed bed
reactor under the following conditions: 400 ºC; 30 bar; space time, 6.67 gcat·h·molC-1; feed,
CO2/(CO+CO2), ratios of 0:0.5:1, H2/(CO+CO2), 3; In2O3-ZrO2/SAPO-34, mass ratio of 1. The
conditions used for the regeneration of the catalysts are: 400 ºC; air flowrate, 90 cm3·min-1. Coke
content has been determined by temperature programmed oxidation and the textural properties
(BET surface and micropore volume) have been established by N2 adsorption-desorption. In Fig.
1a the evolution of CO+CO2 conversion with TOS is shown. Bearing in mind most of the coke is
deposited over the acid function (10% vs 1% on the metallic function), in Fig. 1b, only the
characterization results of the deactivated acid catalyst (SAPO-34) are gathered.

H2+CO2

Feed

Figure 1. (a) Evolution of COX conversion with TOS and (b) coke content and textural properties
of deactivated acid catalysts for the three studied feeds.
As observed in Fig. 1a, the activity decay is severe for syngas feeds, even the deposited coke
content is the smallest in this case. This is related to the over-reduction of the metallic catalyst in
the presence of CO and H2, as TPR analyses of the deactivated catalysts for different feeds
evidence. For CO2 containing feeds, the performance of the catalyst gains stability, which
provides further evidence for the oxidizing effect of the CO2, despite more coke is generated.
According to the results, the loss of textural properties, that is BET surface and micropore volume,
resulted to be directly related to coke content. The loss of activity in crystalline zeolites as SAPO34 typically occurs by active site and pore blockage, which reduces its surface area and micropore
volume (Fig. 1b) by almost 80% with a coke content of 10% (for H2+CO+CO2 feeds). These results
have also been obtained for the In2O3-ZrO2 where coke deposition has the opposite impact on
surface and micropore volume, probably due to the nature of the coke.
[1] S. Saeidi, et al., Prog. Energy Combust. Sci., 85, 100905 (2021)
[2] A. Portillo, et al., Ind. Eng. Chem. Res. acs.iecr.1c03556 (2021)
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Sb-doped SnO2 ceramic electrodes have been efficiently applied in the removal of organic
contaminants. These electrodes are classified as non-active anodes, as they exhibit a high
oxygen evolution overpotential and favor the complete oxidation of the organics into CO2.
Moreover, massive ceramic electrodes, made in high temperature furnaces are in their most
stable, fully oxidized form and therefore are unlikely to undergo further oxidation, and because of
their porous structure, they present a large specific surface area, that can provide more active
sites for pollutants adsorption and reaction[1,2].
In this work, Sb-doped SnO2 ceramic electrodes (basic electrode) have been modified by
deposition of an active layer of bismuth ferrite (BiFeO3) and bismuth tungstate (Bi2WO6). These
electrodes have been applied to the removal of norfloxacin, an antibiotic of the fluoroquinolone
family, that is considered an emerging compound due to its persistence in conventional water
treatment plants. Figure 1 presents the C/C(0) (Figure 1a) and TOC/TOC(0) (Figure 1b) decay
profiles for the three electrodes. The addition of bismuth compounds does not affect the
degradation rate of norfloxacin (Figure 1a), whereas the mineralization rate is higher with the
Bi2WO6 electrode. The electrode based on BiFeO3 shows an intermediate behavior (Figure 1b).
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Figure 1. Effect of the electrode composition on the degradation (a) and mineralization (b) of
norfloxacin.
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Pharmaceutical and Personal Care Products (PPCPs) and among them, the
Pharmaceuticals compounds, deserve special attention due to their widespread use constantly
increasing in the last decades. These compounds are designed in a way to be resistant to the
outer conditions like humidity, air, or light and with this, become omnipresent in the aquatic
environment, which can reach through wastewater discharges from hospital wastewater, houses,
or wastewater treatment plant (WWTP) effluents[1]. Finally, these compounds end in coastal and
sea waters[2]. Their presence can develop multiple issues in aquatic biotas, such as resistance to
antibiotics, suppression of immune response, or the accumulation in several fish organs. Those
facts are enough for UNESCO to include human pharmaceuticals in its future targets, like the
2030 Agenda for Sustainable Development Goal Targets, highlighting Goal 6 Water and
sanitation.
The COVID-19 pandemic has generated a tremendous impact in every aspect of our lives,
and naturally, in the environment. Dexamethasone (DEX) (a common glucocorticoid with antiinflammatory activity) and paracetamol (PAR) (well-known analgesic and antipyretic) are two of
the employed drugs in the COVID-19 treatment, so their use is expected to increase over time
and with it the residual concentration in the different environmental scenarios[3]. Therefore, it is
necessary to take action against this growing concern. Advanced Oxidation Processes (AOPs)
are renowned technologies in the elimination of recalcitrant pollutants, highlighting
electrochemical oxidation (ELOX) due to its high effectiveness[4]. However, sometimes, these
pollutants are degraded forming other compounds, which are more toxic than their original ones,
as is the case with the formation of polychlorinated dibenzo-p-dioxins and dibenzofurans
(PCDD/Fs), requiring an assessment of the toxicity after the applied treatment. For this reason,
the selection of the operating conditions that minimize the formation of intermediate and final byproducts formed from the degradation of the original compounds is crucial. Thus, the objective of
this work is to analyze the final toxicity of the samples treated by electrooxidation, studying the
influence of the electrolyte operating variable. For this, the intermediate compounds produced,
and the final toxicity based on the analysis of the PCDD/Fs formed will be analyzed.
Complete degradation of 10 mg L-1 of DEX and PAR has been reached at 480 minutes and
30 minutes when employing NaCl as electrolyte, respectively. The main intermediate compounds
detected by GC-MS are prednisolone, 2,4-dichlorophenoxy-acetic acid, 2,4-dichlorophenol, 2,4,6trichlorophenol, or chlorohydroquinone among many others. When the PCDD/Fs were analyzed,
it was found that in terms of TEQ, the highest values were obtained with NaCl in both cases, for
the DEX case, reaching 30.08 pg L-1, and 7.86 pg L-1 for PAR. Summing up, it is highly necessary
to take into account the influence of certain process variables when applying advanced oxidation
technologies in the liquid phase, in order to avoid the toxicity after treatment being greater than
that of origin.
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The search for sustainable energy sources has become an essential topic for science
community due to the scarcity and huge environmental impact associated to the greenhouse
gases (GHG) emissions of fossil fuels. Fischer-Tropsch synthesis (FTS) is a well-known process
that can use synthesis gas obtained from biomass. In this sense, the products derived from FTS,
such as waxes, gasoline, diesel, short paraffins or olefins, could substitute those extracted from
oil with zero net GHG emissions.
In this work, High Temperature Fischer-Tropsch (HTFT) reaction was studied over Fe-ZrO2
nanofibers. The catalysts were prepared by using the electrospinning technique. Different
polymer solutions containing a zirconium precursor and different quantities of an iron salt were
prepared, electrospun and, finally, calcined in air at 500 ºC for 5 h. The catalysts were identified
as FZrXXFe, where XX represented the iron content in the final catalyst.
The catalysts were characterized by H2 temperature programed reduction (H2-TPR) and Xray diffraction and were also tested under HTFT conditions: 20 bar, 340 ºC, H 2/CO=1, space
velocity (SV): 100, 200 and 300 L·h-1·gFe-1.
The XRD results evidenced the increase of crystallite size with the iron content of the
nanofibers. Additionally, three well-defined reduction peaks of Fe were observed in H2-TPR
analysis, which were slightly displaced to higher temperature with the increase of Fe content,
confirming the presence of larger particles size.
The Fischer-Tropsch reaction results (Fig 1.a) showed that iron-zirconia fibers presented a
high activity, achieving conversion higher than 90 % for the catalysts with more than 20 % of iron.
The main product was CO2 (due to Water Gas Shift reaction) with a concentration in the gas
phase close to 50 %. The rest of products were hydrocarbons, mainly C1-C4 compounds.
Apparently, the three most active catalyst did not present notable differences. However, if the
results for isoconversion (XCO~40%) are analyzed, the catalyst FZr30Fe showed the higher
productivity to short chain hydrocarbons, evidencing its superior activity (Fig 1.b).

Figure 1. a) Conversion and selectivity of Fe-Zr FT fiber catalysts. T=340 ºC, P=20 bar, SV=100
L h-1 gFe-1, TOS=9 h b) Productivity of Fe-Zr FT fiber catalysts. T=340 ºC; P=20 bar; FZr20Fe:
SV=100 L h-1 gFe-1, FZr25Fe: SV=200 L h-1 gFe-1, FZr30Fe: SV=300 L h-1 gFe-1; TOS=9 h.
The results suggest that it is possible to obtain a fibrillar iron-zirconia material, with a
30
% of metallic iron, FZr30Fe, by an easy and versatile technique and in only one step. This seems
to be a promising catalyst for the HTFT process, presenting an excellent CO conversion together
with a high selectivity to short chain hydrocarbons.
Acknowledges: The authors thanks MICCIN (RTI2018-097555-B-100) for financial support.
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Excess nitrates in aquatic environments pose a widespread threat to human health and to
the eutrophication of these environments. Numerous methods have been employed for the
removal of nitrates present in water, but none of them alone solves the problem. Most of them
are faced with multiple drawbacks such as high cost, low removal efficiency, generation of
hazardous waste, etc. The adsorption of pollutants using lignocellulosic biomasses has great
potential due to their abundance, low cost and easy availability. The objective of this work is to
study the best conditions for nitrate adsorption in water using chemically modified citrus agri-food
waste. The chemical modification of the biomass used was carried out following the procedure
described by Wu and coworkers [1].
A three-factor Taguchi experimental
design[2] was performed: biomass dose (g L1
), initial nitrate concentration (mg L-1) and
biomass particle size (mm), each with three
levels, obtaining an orthogonal matrix L9
(Table 1). The variables and levels each
one, were selected according to similar
studies reported in the literature. All
experiments were carried out in batches for
24 hours at a temperature of 20ºC and in an
orbital shaker (160 rpm). Minitab 17
software was used in the Taguchi approach
and analysis of the data obtained. Variability
was studied using the signal-to-noise ratio
(S/N) to obtain the optimal adsorption
conditions. The optimal operating variables
were used in a second step to determine the
adsorption isotherms and kinetics.
The highest experimental adsorption value was obtained for the following conditions:
biomass dose 1g L-1; initial nitrate concentration of 400 mg L-1 and particle size of 0.5-0.8 mm.
Under the optimum operating conditions, the modified citrus biomass showed a nitrate sorption
capacity of more than 70 mg-g-1. We consider that this adsorption capacity makes it a low-cost
and widely available bioadsorbent, while allowing the valorization of waste from the agri-food
industry. The pseudo-second order kinetic model was the best model to describe the sorption
behavior and indicated that chemical sorption was the mechanism controlling the process,
although with these modified biomasses it is a rather complex process influenced by numerous
factors. The results of this study confirm that the Taguchi methodology is a suitable tool to improve
the nitrate bioadsorption capacity of citrus waste biomasses.
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Lactic acid is one of the primary platform chemicals for the green chemistry of the future because
it has both carboxylic and hydroxyl groups which provides a high versatility to be used as
precursor of several useful chemicals. Commercially pure lactic acid is produced by microbial
fermentation of carbohydrates using lactic acid bacteria (LAB)[1]. During the lactic fermentation,
the pH of the broth is decreasing because of the acid production. At low pH, the undissociated
form of the acid has high membrane permeability and may go into the cell via passive diffusion
resulting in cellular death. However, the lactate anion is much less permeable and possesses a
lower inhibitory effect. Owing to the inhibitory effects at low pH, CaCO3 is added to precipitate
calcium lactate and keep a constant pH during the fermentation process. Calcium lactate is filtered
off and treated with a sulphuric acid solution to precipitate calcium as CaSO4 and regenerate
lactic acid. The high amounts of CaSO4 produced after the acid treatment; have no commercial
value and increase the disposal costs. On the other hand, a direct distillation of lactic acid from
the acid solution at normal temperature and pressure is not possible because of the formation of
high boiling point esters which self-interact to form dimers and polymers, resulting in a poor acid
recovery. Therefore, evaporation has been the industrial method used to purify lactic acid which
accounts for up to 50% of the production costs. In-situ extractive fermentation has been studied
to transfer lactic acid into an organic phase at the same time as it is produced[2]. However, this
approach requires the use of biocompatible solvents. Deep eutectic solvents (DES´s) are a
mixture of two or more components with a melting point lower than either of its individual
components. DES´s, are the result of complexation between a hydrogen bond acceptor (HBA)
and a hydrogen bond donor (HBD). The formation of a hydrogen bond network is responsible for
the intrinsic characteristics of the DESs, such as their low melting points, low volatility, nonflammability, low vapor pressure, chemical and thermal stability, high solubility power, tuneability,
alleged low toxicity, and high biodegradability[3]. In order to develop novel extractive fermentation
processes for the production of lactic acid, this work has screened the lactic acid extraction
capability of several hydrophobic deep eutectic solvents.
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Polyphenols in olive leaves, specially oleuropein, could be of great interest as organic
nitrification inhibitor since it has antimicrobial activity. Furthermore, it has shown pharmacological
activities including antioxidant, anti-inflammatory, anti-atherogenic, anti-cancer activities,
antimicrobial activity, antiviral activity, hypolipidemic and hypoglycemic effect [1]. Until now, the
production of these extracts could be disadvantageous since the inefficient and high
environmental impact because the use of high energy conditions or toxic organic solvents. Malik
et. al. [2] reported that the extraction in 80% methanol was the most effective method for olive
leaf polyphenols extraction.
In this work, we test the use of CO2 in subcritical and supercritical condition and
fluorocarbons as extraction agents for oleuropein. The use of supercritical carbon dioxide (scCO2)
is especially advantageous as extractor because it is cheap, non-toxic, non-inflammable, has a
near ambient critical temperature (31.1 ºC) and a moderate critical pressure [3]. Most importantly,
it is readily removable by post reaction depressurization and the reaction products can be
separated by tuning their solubility as a function of operating conditions, which makes it more
attractive to be used as a ‘‘green designer’’ solvent. Supercritical carbon dioxide is a good solvent
to apolar molecules since its solvent capability is similar to hexane. For polar molecules, like
polyphenols could be interesting polar solvent like fluorocarbons (i.e 1,1,1,2-tetrafluoroethane).
The use of fluorocarbon solvents has also advantages: (i) their high solvent power, (ii) their
capability of extracting essences of natural substrates [4], (iii) the possibility of easily modulating
their solvent capacity by varying the pressure and temperature conditions and (iv) their polar
nature compared with supercritical carbon dioxide, which has been also proposed as alternative
extraction solvent to supercritical carbon dioxide to extract molar molecules. The use of
fluorocarbons solvents or their combination with supercritical carbon dioxide can allow the
replacement of organic solvents for the extraction of the interest polyphenols molecules such as
oleuropein.
Acknowledgements:
This work has been funded by the BBVA Foundation (BBVA LEONARDO IN[21]_ING_0137).
References
[1] H.O. Syed. Sci. Pharma. 2010, 78, 133–154.
[2] N.S.A. Malik, J. M. Bradford. J. Food Agric. Environ, 2008, 62, 8-13.
[3] F.J. Hernández-Fernández, A.P. de los Ríos, D. Gómez, M. Rubio, G. Víllora G. Appl. Catal.
B. 2006, 67,121-126.
[4] Corr S. J. Fluor. Chem. 2012, 118, 55–67.

1324

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-797

EXTRACTIVE DISTILLATION PROCESS DESIGN FOR THE RECOVERY OF
FLUORINATED GASES FROM REFRIGERANT BLENDS
Miguel Viara, Fernando Pardoa, Gabriel Zarcaa and Ane Urtiagaa
a

Department of Chemical and Biomolecular Engineering, Universidad de Cantabria, Spain
e-mail: ana.urtiaga@unican.es

Keywords: gas separation, ionic liquids, R410A, rate-based model
Hydrofluorocarbons (HFCs) are fluorinated gases mainly used in refrigeration and air
conditioning. The use of HFCs increased strongly since the Montreal Protocol ratification, which
banned the use of the previous refrigerant generations, namely, chlorofluorocarbons and
hydrochlorofluorocarbons, because of their high ozone depletion potential. However, the
emissions of high Global Warming Potential (GWP) HFCs led to the promulgation of the Kigali
Amendment in 2016 and the EU Regulation 517/2014 [1], calling for the drastic reduction of HFC
production and consumption, as a climate change mitigation measure. Consequently, the use of
HFCs with moderate GWP, like difluoromethane (R32), and hydrofluoroolefins (HFOs), with very
low GWP, has been stimulated to produce novel refrigerant mixtures.
The objective of this research is the development of advanced separation processes to
separate the components of phased-out HFC blends, with the aim of reclaiming the gas
components with low and moderate GWP, that would be reused in the manufacture of new
refrigerant mixtures, reducing their emissions to the atmosphere. Refrigerant blends are
synthesized to behave as pure fluids, which implies the formation of azeotropic or near azeotropic
gas mixtures. This phenomenon renders conventional separation processes ineffective, posing
new challenges for the scientific community. The proposal is the design of an extractive distillation
column using ionic liquids (ILs) as entrainers. ILs are molten salts at room temperature with
fascinating properties. Among them, their extremely low volatility, high chemical and thermal
stability, and excellent solvation properties can be highlighted [2].
The design and further analysis are focused on the separation of the blend R410A,
consisting of R32 and R125 (pentafluoroethane) at 50/50 wt%. The process consists of an
extractive distillation column, where the IL preferentially absorbs R32. Thus, pure R125 exits at
the top, while the R32+IL stream is sent to a flash unit where the IL is regenerated. Finally, the
solvent is heated and pressurized to be recycled back into the distillation column. In process
design, the aim is to reduce the operating and investment costs and to meet the specifications of
the refrigerant gases for re-use in a new mixture, namely a purity of at least 99.5 wt%. The IL
selection is one of the design variables. To assess the differences that occur in the process when
using solvents with different absorption capacity, selectivity and viscosity, the design has been
evaluated with three ILs with different anions in Aspen Plus v11. In addition, the design was first
performed under the assumption that equilibrium is reached on each plate of the column.
Afterwards, a new design was made using the rate-based model in order to consider the effect of
mass transport properties. An analysis of these two scenarios provides valuable information about
the ideal IL candidate to perform and energy-efficient recovery of value-added HFCs by means
of an extractive distillation process.
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Depletion of crude oil resources and environmental concerns have driven a worldwide
research on alternative processes for the production of clean liquid fuels and value-added
chemicals. Fischer-Tropsch synthesis (FTS) is a process for flexible production of these
chemicals from synthesis gas, which can be derived from non-petroleum feedstocks, including
natural gas, coal, and renewable biomass (mainly, lignocellulosic biomass). Transition metals are
used in FTS process due to their considerable catalytic activity. Among them, iron-based catalysts
are highly attractive not only because of their relatively low cost but also due to their high flexibility
in terms of operation conditions and high product selectivity toward light olefins. In addition, iron
catalyzes the WGS reaction, enabling the direct processing of synthesis gas with low H2/CO molar
ratios (H2/CO < 2) derived from biomass or coal gasification [1].
In the present work submicro-sized Fe@ZrO2 electrospun nanofibers without and with
different amounts of carbon (2-8 wt. %) have been prepared in only one step by the
electrospinning technique, which was followed by a calcination or carbonization stage at 500 ºC,
respectively. Organosolv lignin was used as carbon precursor, which is a low-cost co-product of
the papermaking industry. The catalysts have been prepared with c.a. 13 wt. % of Fe, which is
highly dispersed along the fibers external surface according to TEM and EDX elemental maps.
Fe@ZrO2 catalyst (without carbon) resulted very active and stable up to 55 h on stream, with 38
% selectivity to C2-C4 hydrocarbons at 340 ºC and H2/CO ratio of 1, which is slightly higher than
reported values found in the literature for High-Temperature FTS at iso-conversion conditions
(Table 1) [2]. The fibrillar morphology confers the catalysts an adequate combination of high
geometrical surface area, excellent mass and heat transfer characteristics, low-pressure drop and
good flexibility to be easily structured inside a fixed-bed reactor. It has been reported that the
proximity between carbon and supported iron particles can facilitate the formation of the iron
carbide active phase on the catalyst surface [2]. The addition of carbon to the catalyst formulation
did not show an improve catalyst performance in terms of CO conversion (i.e. XCO = 45 and 14 %
for Fe@ZrO2 and Fe@ZrO2-4C, respectively, at GHSV = 55 mmolCO,STP·gFe-1·min-1). However,
Fe@ZrO2-4C catalyst resulted in a higher C2-C4 olefin to paraffin ratio under iso-conversion
conditions.
Table 1. Iso-conversion selectivities of Fe@ZrO2 and 38Fe@C [2] in HT-FTS after 50 h TOS
SC2SC2-C4=/SnC2XCO,
GHSV, mmolCO,STP
SCH4
SCO2 α
C4
C4
Catalyst
-1

-1

%

gFe ·min

%

%

%

38Fe@C*

38

117

32

28

40

0.43

1.2

Fe@ZrO2

37

85

26

37

37

0.46

1.3

*

Fe-based FTS catalysts using Fe-based MOF Basolite F300 and the MOF-mediated synthesis
strategy [2]
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The global energy demand will continue growing in the next years and fossil fuels are today
the major source of energy. At the same time, global warming motivates the use of carbon-free
fuels. These facts make ammonia (NH3) an interesting free-carbon fuel. Other reasons to use NH3
are that it can be burn directly [1] producing nitrogen and water but NOx can also be produced from
NH3 oxidation which would be a disadvantage [2]. Furthermore, its mixtures with methane (CH4)
may be of interest, both to facilitate the transition to a lower or free-carbon economy and to
enhance ammonia combustion [3]. It is also postulated that NH3-CH4 mixtures emit less NOx than
NH3-air mixtures [4].
The present work pursues extending the knowledge of high-pressure oxidation of NH3
mixtures with CH4 and the development of a detailed reaction kinetic model mechanism in order
to describe the conversion of ammonia, its mixtures and to understand NOx and N2O formation.
The experiments have been carried out using mixtures of 1000 ppm of NH3, 1000 ppm of
CH4 and with an oxygen excess ratio (lambda, l) from 1 to 3; this mean 2750 and 8250 ppm of
O2 for stochiometric and oxidizing conditions, respectively. Regarding pressure and temperature
conditions, pressure varies from 10 to 40 bar and temperature from 673 to 1173 K. The last
parameters affect the resident time whose increase is directly proportional to pressure and
inversely proportional to temperature.
Experimental results show that, when NH3 is mixed with CH4, the temperature at which 5%
of NH3 is consumed is about 250 K lower than during combustion of pure NH3, and the
temperature at which 90% of NH3 is consumed is 400 K lower in the mixtures than pure NH3. On
the other hand, N2O is produced in significant quantities: 20 ppm at 10 bar and up to 100 ppm at
40 bar.
A kinetic model previously developed in our group [5] has been used for simulation and as
starting part for its performance based on the present experimental result.
Acknowledgements: The authors acknowledge the funding from the Aragón
Government (Ref. T22_17R), co-funded by FEDER 2014-2020 "Construyendo Europa desde
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Drilling and completion of deeper wells require high performance fluids to overcome the
challenges associated to the aggressive and extreme high-temperature and high-pressure
environments. The success of these operations in challenging wells largely depends on the
thermo-rheological properties of the fluid, its stability and thermal resistance over relatively long
periods of time. The viscous behaviour of the fluids as a function of pressure and temperature is
a critical issue in the development of products with technical, environmental-friendly, and
economically suitable characteristics.

In this work, we present isothermal viscosity-pressure data for both Newtonian fluids and
non-Newtonian suspensions, including oilfield operations fluids, obtained with a high-pressure
capillary viscometer developed in our laboratory. Device calibration was performed using liquids
of well-known viscosity-pressure–temperature characteristics. The effects of wall slip, nonisothermal flow due to viscous heating, high-pressure and time have been analysed using
capillary dies of different L/D ratio.
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HYDROCRACKING ACTIVITY RECOVERY OF A PtPd/Y CATALYST WITHIN
THE VALORIZATION OF PLASTIC/VACUUM GASOIL BLENDS
David Trueba, Roberto Palos, Francisco J. Vela, Suní Rodríguez, Iratxe Crespo, Alazne
Gutiérrez and José M. Arandes
Department of Chemical Engineering, University of the Basque Country UPV/EHU, PO Box
644, 48080 Bilbao, Spain
e-mail: juandavid.trueba@ehu.eus
Keywords: hydrocracking, catalysis, regeneration, plastics, waste valorization

Run #2

Run #1

Yield (wt%)

Conversion (%)

The hydrocracking of polymers and vacuum gas oil blends has been proven to be a feasible
way to deal with plastics waste[1]. However, the continuous operation of this process is limited by
catalyst deactivation, either it is permanent or not, and by the multiple ways of this deactivation
that take place simultaneously[2]. In order to contribute to the plastics waste treatment, a study
based on consecutive runs at different reaction times has been carried out, as well as a deep
characterization of fresh, spent and regenerated catalysts. The yields distribution of the different
lumps (dry gas, DG; liquefied petroleum gases, LPG; naphtha; light cycle oil, LCO; heavy cycle
oil, HCO; unconverted plastic; and coke)
is shown on Fig. 1. Runs have been
DG
LPG
Naphtha
LCO
HCO
Plastic
Coke
XHC
XPS
carried out at 400 °C, 80 bar, with both
100
plastic/feed and catalyst/feed ratios of 10
wt%. The regeneration process consists
on a flow of air diluted in nitrogen (1:3
ratio) for 15 h, ensuring maximum coke
75
removal and no hot spots during the coke
combustion.
As seen on Fig. 1, the results
indicate that reactions up to 180 min
50
show almost the same yields distribution
and conversions, thus achieving a great
regeneration degree. It is noticeable that
25
at 300 min the cracking reactions seem to
evolve even further than using a fresh
catalyst, probably because of a certain
degree of catalyst instability when
0
60
180
300
reaction times are long, suffering from
time (min)
different modifications on its properties
that cannot be recovered by coke
Figure 1.- Yields distribution at different reaction times
combustion. However, as it was
for fresh (Run #1) and regenerated catalyst (Run #2)
demonstrated on previous studies, the
optimum operation time is located
between 120 and 180 min, so this problem should be avoided in order when operating within the
optimum operating range.
With respect the production of high-quality fractions, naphtha composition also remains
similar to that of the produced when using a fresh catalyst, with a slight increase on
monoaromatics (< 5 wt%) content. This can be attributed to the deposition of poisoning metals on
the Pt and Pd sites, inhibiting this way the hydrogenating function, although in a limited extent
due to the minimal content of these other metals in the feed.
The recovery of more than the 95 % of the initial activity of this catalysts turns it into a
competitive alternative to commercial catalysts[3], as its initial investment can be compensated
through great yields of high-quality fuel-like fractions.
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The production of hydrogen from biomass is of especial interest, as it is a material with high
specific energy density and higly versatile as fuel and raw material [1]. Of all known
thermochemical conversion routes proposed for hydrogen production from biomass, in line
pyrolysis-reforming overcomes the problems associated with bio-oil reforming. This strategy has
some advantages such as: i) the contact of reforming catalyst with biomass impurities is avoided,
ii) the pyrolysis and reforming temperature can be optimized independiently, iii) the process
temperature is reduced with respect to conventional steam gasification and iv) it is obtained a
high hydrogen gas product and free of tars [2]. However, the excesive coke formation is the
catalyst decativation cause and thus loss of catalyst activity. So, the aim of this research is to
analyze the influence of reforming reactor configutation has on the performance of the overall
process of biomass pyrolysis-reforming, considering not only the conversion of pyrolysis volatiles
and hydrogen production, but also catalyst decativation and the evolution of its causes.
Pyrolysis and in-line reforming of biomasss has been performed in a two-step system. In
the first step, pyrolysis of pine sawdust has been carried out at 500 ºC in a conical spouted bed
reactor (CSBR) in order to maximize bio-oil production [3]. Then, the volatiles formed have been
are subsequently reformed at 600 ºC over a commercial Ni/Al2O3 reforming catalyst. To make the
comparison, the steam reforming has been carried out in a fluidized bed reactor and in a fixed
bed reactor. Like previous studies, the experiments have been carried out in continuous regime
by feeding 0.75 g min-1 of biomass and 3 mL min-1 of water (steam/biomass ratio, 4). Moreover,
the space times used for the reforming step have been 10, 15 and 20 gcat min gvolatiles-1. The
products from reforming step are led to gas chromatograph (Varian 3900) and microchromatograph (Varian 4900) by means of a thermostated line in order to avoid condensation
problems of heavy compounds.
It should be noted the fixed bed reactor showed higher capacity for the in-line
transformation of biomass pyrolysis volatiles and higher conversion values. These differences are
noticeable at low space-time values. However, at 20 gcat min gvolatiles-1 the initial and the hydrogen
conversion are so similar in fixed and fluidized bed reactor configurations. In the highest space
time the full conversion keeps for almost 90 min on stream in fixed bed reactor, whereas, in
fluidized bed reactor the 99 % conversion value only keeps up the first 50 min.
Although the complex composition of the biomass pyrolysis volatiles leads to a rapid
decativation in both configurations, slower decativation can be observed using fixed bed reactor
configuration, obatining greater stability over time.
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Hydrothermal carbonization (HTC) is a process that allows treating wet biomass at mild
temperatures (180 – 250 °C), low residence times (5 – 120 min) and autogenous pressure. The
main products are a solid fraction called hydrochar (HC), with suitable properties to be used as
biofuel and a process water (PW), rich in soluble organic compounds and nutrients [1]. Acidassisted HTC (HTC-A) is an alternative to improve the characteristics of HC, as well as to reduce
the ash and N content, and to favor nutrient transfer to the PW [2]. In this work, the integration of
HTC or HTC-A, and anaerobic digestion (AD) for the valorization of swine manure (SM) has been
studied. The use of HC as biofuel is evaluated, as well as the recovery of nutrients from PW and
the production of biogas by AD.
HTC tests were performed in a 4 L ZipperClave® pressure vessel electrically heated at 180
°C for 1 h. The HC was subjected to a washing process. Two grams of HC were washed for 2 h
with 20 mL of: i) 5 M of HCl (HC-Wa); or ii) 20, 50 or 75% (v:v) of acetone (HC-Wb-20, HC-Wb50, and HC-Wb-75, respectively). Acid-assisted HTC was carried out by adding 0.1, 0.25, 0.5 and
1 M HCl as catalyst. The resulting HC and PW were identified as HC-A and PW-A, respectively,
followed by corresponding acid concentration. MgCl2 and Mg(OH)2 were added to the PW to
promote struvite formation. PW were neutralized with 5 M NaOH to pH 9, filtered to separate the
secondary PW (PW-S) and the nutrient-enriched solid. The PW and PW-S were subjected to
biochemical methane potential experiments.
Plain HTC showed a minimal impact on HC, increasing the C content by 6 – 8% and 11 –
13% the higher heating value (HHV). However, HC-W and HC-A showed an increase in C and
HHV (up to 64% and 79%, respectively). Specifically, the HC-A-1 reached a HHV of 23.7 MJ/kg.
HC-Wa, HC-Wb-20 and HTC-A-0.5 reduced the ash content around 7.3 – 16.7%, being acetone
washing the best option to remove N, S and heavy metals. Fouling and slagging indexes were
also highly reduced up to low fouling and ash agglomeration values, especially in the case of HCWa and HC-A-0.5.
PWs showed high COD (18.4–33.8 g/L) and TOC (7.5–9.6 g/L) contents. Acid-assisted HTC
favored the solubilization of most of P contained in the SM (up to 92%) to the PW. Polycrystal
analysis of the recovered solid showed that the addition of MgCl2 promote struvite formation, while
the addition of Mg(OH)2 evidenced the formation of struvite with amorphous shape. P
concentration in struvite was higher with MgCl2 (167.3 g/kg) as struvite than with Mg(OH)2 (41.8
g/kg). In both cases, the struvite recovery from PW showed a low heavy metal content.
The highest methane production (≈ 305 mL CH4/g CODadded) was achieved with plain HTC
PW, with an organic matter removal around 57 %. Methane production from PW obtained with
acid-assisted HTC was lower (107-156 mL CH4/g CODadded) because of the high concentration of
Cl-, which were inhibitory for methanogenic microorganisms.
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Hydrofluoroethers (HFEs) have been proposed in the last decades as the best families of
oxygenated hydrofluorocarbons for substitution of potent greenhouse gases as
hydrofluorocarbons (HFCs) in several industrial applications (i.e. standing out as refrigerant)
because of their nearly zero stratospheric ozone depletion and relatively low global warming
potential (GWP).
To assess the suitability of HFEs as potential candidates for replacing high GWP species
is essential to evaluate their expected impact on climate change prior to their widespread. For
that purpose, we present for the first time the temperature and pressure dependence of the gasphase kinetics of the OH-reaction, kOH(T,P), with a series of HFEs: CF3CH2OCH3 (HFE-36
263fb2), CHF2CF2CH2OCH3 (HFE-374pcf), and CF3CF2CH2OCH3 (HFE-365mcf3). To determine
kOH(T,P) an absolute method was employed, by using the pulsed laser photolysis/laser-induced
fluorescence technique.[1] No pressure dependence of the rate coefficient for the OH-reaction was
observed in the studied range (500-50 Torr of helium) and the temperature dependences (kOH(T)
in cm3molecule-1s-1) between 263 and 353 K are well described by the following Arrhenius
expressions:
HFE-263fb2:

kOH(T) = (3.88±0.89)×10-12 exp[-(508±69)/T]

HFE-374pcf:

kOH(T) = (2.81±0.33)×10-12 exp[-(312±35)/T]

HFE-365mcf3:

kOH(T) = (2.60±0.31)×10-12 exp[-(319±35)/T]

From these results atmospheric lifetimes due to OH-reaction calculated along the
troposphere are 12 days, 17 days and 13 days for HFE-374pcf, HFE-263fb2, and HFE-365mcf3,
respectively. In addition to the kinetic measurements, from the IR absorption cross section
determined in this work between 500-3100 cm-1, their radiative efficiencies corrected with lifetime
were calculated to be 0.03 W m-2 ppbv-1 for HFE-263fb2 and HFE-374pcf, and 0.04 W m-2 ppbv-1
for HFE-365mcf3, much smaller than those found for HFCs with the same number of C-F bonds
(0.10-0.24 W m-2 pppv-1).[2] At a time horizon of 100 years, the GWPs(100 yrs) relative to CO2 for
HFE-374pcf, HFE-263fb2 and HFE-365mcf3 results of 0.76, 0.40 and 0.51, respectively. The
contribution to the global warming of these HFEs would be 24% for HFE-263fb2, 60% for HFE374pcf and 49% for HFE-365mcf3 lower than CO2.
In summary, these HFEs could be proposed as a potentials substitutes of HCFs with the
same number of C-F bonds reducing drastically decreases the GWP(100 yrs).
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Nowadays, European policies emphasize environmental protection, which translates into higher
standards for wastewater treatment while encouraging water reuse for industrial processes,
cleaning streets, or agriculture, among other activities. This is motivated since annually,
approximately 243,000 hm3 of water is abstracted to meet the demand of the European
Community according to the Water Stress Index [1]. Therefore, implementing strategies for
treated water reclamation in Urban Wastewater Treatment Plants (UWWTPs) can significantly
contribute to the alleviation of the stress on freshwater resources while reducing wastewater
discharge and its impact [2]. In this context, UWWTPS, necessary in the urban water cycle, have
a significant energy demand mainly supplied by fossil fuels. The transition towards the use of
renewable energies in these facilities will play a part in the achievement of decarbonization in
energy production processes, thus meeting one of the targets set at the UN Climate Change
Conference in 2021 [3].
LIFE-3E (https://life3e.eu/) aims at
improving the sustainability of the urban
wastewater treatment cycle from a
circular economy point of view (Figure 1).
In this sense, the integration of advanced
remediation technologies powered by
Salinity gradient energy extraction as
green renewable energy is approached
to accomplish the global objective.
Therefore, efficient water reuse through
the LIFE-3E process will positively
contribute to notably minimizing the
depletion of water sources (water
remediation) and impacting ecosystems
while
reducing
GHG
emissions
(renewable energy recovery).

Figure 1: LIFE-3E scheme.

The Cantabrian public company MARE coordinates the project, which has been financed in the
competitive European call for environmental and resource efficiency LIFE projects and has an
execution period of 48 months with a total budget of 1,732,084 euros (starting October 2020).
This project also involves the University of Cantabria through the Advanced Separation
Processes Group and The Technical University of Darmstadt via IWAR Institute (Germany), the
Cantabria Environmental Research Center (CIMA), and the Spanish SME APRIA Systems
oriented towards technological development and innovation. During the project, a pilot plant will
be constructed in a UWWTP located in Comillas (Cantabria) to reclaim water for the cleaning
street of the village. At the same time, LIFE-3E will demonstrate that salinity gradient energy
employing reversal electrodialysis technology can substantially drop fossil fuel dependence in
these facilities.
References
[1] European Environmental Agency (EEA) Use of freshwater resources 2019 (accessed
03.02.2022). Available at: https://www.eea.europa.eu/
[2] Gómez-Coma, L., et al. Journal of Water Process Engineering, 2020, 33.
[3] UN Climate Change Conference UK 2021 (accessed 03.02.2022). Available at:
https://ukcop26.org/
Acknowledgment: This research has been funded by the LIFE programme through LIFE-3E
(LIFE19 ENV/ES/000143).
1333

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-807

METALLIC TITANOSILICATE ETS-4 AS CATALYST-ADSORBENT IN A
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Greenhouse gas (GHG) emissions, being the most important CO2 ones, is the main cause of
Climate Change and the rise of world´s temperature. The problem, far from being solved, will
remain important in the near future, due to the high energetic demand and the still poor investment
and development in sustainable energies. In that scenario, Carbon Capture, Utilization and
Storage (CCUS) have a very important role. [1]
Methanol is widely used in the industry as raw material to produce formaldehyde and other
hydrocarbons, and as energetic vector or fuel. Catalytic hydrogenation of CO2 is one of the more
efficient ways to produce methanol, but there is a parallel reaction where CO is produced. The
main problem is that the equilibrium conversion is low and at high temperatures the methanol
selectivity decreases considerably. [2]
𝐶𝑂2 + 3𝐻2 ↔ 𝐶𝐻3 𝑂𝐻 + 𝐻2 𝑂 ΔH298=-87 kJ·mol -1;
𝐶𝑂2 + 𝐻2 ↔ 𝐶𝑂 + 𝐻2 𝑂

ΔH298=41 kJ·mol -1;

The aim of the work is the synthesis of a metallic titanosilicate ETS-4 catalyst for the CO2
hydrogenation to methanol, that is able to adsorb the products, at least water. In these conditions,
the equilibrium is shifted improving the conversion of CO2.
Titanosilicate ETS-4 has been synthesized by hydrothermal process [3]. Copper and Zinc has
been introduced in the structure by ion exchange with the nitrate solution of the metals.
Conversion yield of CO2 and methanol selectivity has been determined in a fixed bed reactor at
200-300 ºC and 1-50 bar. Also, adsorption performance has been studied determining Henry´s
equilibrium constant and diffusional parameters at 200-300 ºC of methanol, water and CO2.
Finally, reaction-adsorption experiments have been carried out in a fixed bed reactor at reaction
conditions, to study the equilibrium displacement.
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through project CTM2017-84033-R is gratefully acknowledged. Gonzalo Pascual-Muñoz thanks
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Metalworking fluids (MWF) are oil-in-water microemulsions employed for lubrication,
cooling, and corrosion prevention in metal cutting operations. Besides oils, MWF contains various
chemicals including surfactants, corrosion inhibitors, bactericides, etc., which aid in the
emulsion’s stabilization and prevent bacterial growth. The resulting wastewater supposes a threat
for the environment due to their high volume (≈2M m3/year) and low biodegradability. Hence, it is
an environmental concern which must be addressed. In a previous work, our group treated a
0.5%w MWF by Microwave-assisted Catalytic Wet Oxidation (MW-CWPO) using H2O2 as oxidant
and graphite as a low-cost catalyst [2]. This process resulted to be fast (10 min) and effective,
with a high mineralization degree. Still, part of the oily phase was transferred onto the catalyst
surface, causing its deactivation by fouling and impeding the oil recovery for valorization. Hence,
this new work aims to search for new processes able to treat MWF in a more sustainable way.
For this purpose, a combination of Microwave-assisted homogeneus persulfate activation (MWPS) and electrooxidation (EO) was explored.
MW-PS experiments were performed in a FlexiWave MW reactor (Milestone), with a 0.5%w
MWF emulsion (TOC: 2550 mg/L; pH: 8.95), working with pulses of P: 800W during 10 min and
PS doses between 0-20% the stoichiometric amount required for complete MWF mineralization.
EO tests were performed using a stirred jacketed reactor which included a BDD-BDD system (40
cm2 active surface). Current density was varied between 10 and 50 mA/cm2 in 120 min reactions.
Total Organic Carbon (TOC) was monitored along the treatment with a TOC-V-CSH apparatus
(Shimadzu).
Results shown in Figure 1a revealed that at least a 15% PS stoichiometric amount is
necessary for the emulsion breakdown, which results in an aqueous phase with only 91.5 mg/L
TOC. Still, the resulting effluent shows turbidity, as can be seen in Figure 1c. A second refinement
using EO process eliminates around 90% of the resting organic matter present in the water,
generating a clear final effluent. Furthermore, working at low current density results in a similar
overall TOC removal with a significantly lower energy consumption (EC) which favors the process
economy. These preliminary results show that advanced oxidation processes such as persulfate
and electrooxidation can be a useful technology in MWF treatment.

Figure 1. a) TOC evolution in MW-PS, b) TOC evolution in EO, c) initial MWF and MW-PS and
EO effluents.
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Energy crisis and environmental protection are among the pressing issues that the world
is facing nowadays. In the last years, fuel cells and bioelectrochemical systems have emerged
as important technologies for renewable energy generation and environmental management. Fuel
Cells (FCs) attract big interest [1].
Precious materials such as platinum offer outstanding catalytic activity for the ORR
(oxygen reduction reaction), but their price is very high due to their low abundance in nature.
Other noble metals such as palladium and silver have also been investigated as an alternative to
platinum. However, in order to enhance the sustainability of fuel cell technology, new
economically advantageous materials are constantly being investigated for FC systems. In
contrast to them, the use of catalysts based on first-row transition metals (e.g. Fe, Co, Ni or Mn)
is among the most promising options to completely replace noble FC catalysts. Single metal
oxides such cobalt and manganese oxides draw great interest as ORR catalysts since these metal
ions present multiple oxidation states (+2, +3 and +4) that favor their catalytic activity and
represent cost-effective options. The substitution of Co and Mn by other metals (e.g. Ni and Cu)
giving rise to mixed metal oxides has proven to improve their intrinsic electrocatalytic oxygen
reduction activity [2,3]. Thus, mixed oxides open up a wide research field to evaluate their
performance in different energy systems.
In this work, several metal oxides with different crystal structures were investigated as
cathode catalyst in FCs, thereby contributing to widening the range of platinum group metal-free
materials that might replace noble metal-based catalysts in these devices for their practical
implementation. Specifically, the use of mixed manganese, copper, nickel and cobalt oxides
synthesized by co-precipitation. Active phases and constructed cathodes were characterized by
XRD, EDX and elemental mapping. Among the materials analyzed some of them have power
performance similar to Pt.
Acknowledgements:
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Sorption-based techniques have been widely investigated for contaminants recovery in
water. In this research work, an ecofriendly approach was adopted for the bioremoval of nitrate
in water using an agrifood solid waste. In the Mediterranean region, the olive oil production
industry generates significant amounts of solid waste, with a high content of phenolic compounds
which, if not properly treated, can have negative effects on both the environment and human
health[1]. It is also recognized that nitrate pollution of surface and groundwater is now increasingly
becoming a pervasive global problem[2]. The purpose of this work is to investigate the capability
of amine-functionalized solid waste from olive-oil production for the bioremoval of nitrate in water.
The activation of the crude biomass was performed with epichlorohydrin, N,Ndimethylformamide, diethylenetriamine and triethylamine using the method of Wu and
coworkers[3]. The effect of the functionalization on the sorbent capacity was studied in batch
experiments. Taguchi (design of experiments) approach of orthogonal array experimental design
was used for multivariate optimization of the sorption process. Three controllable factors (sorbent
dose, nitrate concentration and particle size of the sorbent), at three levels each one, were
considered. A L9 orthogonal array was run.
The amine-modified biomass was
characterized by field emission scanning
electron microscopy (FESEM) and Fourier
transform infrared spectroscopy (FTIR). Figure 1
shows the morphology of the particles and the
incidence of the activation process in the infrared
spectrum. The result of the Taguchi DOE
approach revealed the optimal operative
conditions to obtain the highest sorption
capacity. The amine-functionalization process
was effective as shown by the differences in the
infrared spectra before (blue) and after (red)
modification. The improvement obtained in the
nitrate adsorption capacity is also noteworthy,
going from 10 to 142 mg of nitrates per gram,
which represents an increase of more than
1400%.
We can conclude that an environmentfriendly
and cost-effective functional olive-oil mill
Figure 1. FESEM image and IRTF spectra of the amine-modified sorbent
sorbent was prepared to remove nitrate
pollutants from aqueous solution. Batch experiments were conducted to enhance the sorption
process. Promising results were obtained in comparison to sorption capacities published with
other modified plant wastes or biochars.
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This work focuses on the improvement of the electrosppinability of lignin/PVP solutions by the
addition of surfactants (SDS, CTAB and Tween-20) as well as on the effect that the morphology
of resulting nanostructures exerts on the ability to form oleogels in castor oil. Solutions of lowsulfonate lignin (LSL) and polyvinylpyrrolidone (PVP) at two different weight ratios (LSL:PVP
70:30 and 90:10) in DMF were prepared by adding variable surfactant concentrations (0-1 %wt.).
Electrical conductivity, surface tension and rheological measurements were performed. 90:10
LSL:PVP solutions are Newtonian and the viscosity initially decreased with surfactant addition
and then increased from a critical concentration in the case of ionic surfactants, while viscosity
slightly decreased initially and remained almost constant when adding the non-ionic surfactant.
For a 70:30 LSL:PVP ratio, solutions showed a non-Newtonian response and the viscosity always
increased with surfactant concentration regardless of the type of surfactant. Moreover, the
addition of surfactants to 70:30 LSL:PVP solutions considerably improves the electrosppinability
of the solutions, producing more compact and uniform fiber mats with a higher amount of junctions
and generally reducing the average diameter of the nanofibers. In contrast, nanofiber mats were
not obtained with 90:10 LSL:PVP solutions but different nanostructures composed of
electrosprayed particles connected by thin filaments.
Finally, nanostructures obtained upon addition of surfactants to a 90:10 LSL:PVP solutions do not
form oleogels either but thickened liquids, while nanofiber mats obtained by electrospinning from
70:30 LSL:PVP solutions were able to form physically stable oleogels. In general linear
viscoelastic functions slightly increased with the surfactant concentration and showed values
around two decades higher than those oleogels prepared with surfactant-free LSL/PVP nanofiber
mats. In addition, these oleogels also showed excellent lubrication performance in a tribological
contact, with extremely low values of the friction coefficient and wear diameters, generally much
lower than those found when using conventional lubricating greases.
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Power to Methane (PtM) technology is considered as one of the most promising
alternatives for the reduction of CO2 anthropogenic emissions through its valorization into
synthetic natural gas (CH4). Carbon dioxide from flue gas can be combined with H2 generated
with surplus electric power from renewable energies according to the Sabatier reaction: CO2 +
4H2 ↔ CH4 + 2H2O. Recently, we have observed that LaNiO3/CeO2 formulations can be used as
precursor of highly active, selective and stable catalysts for CO2 methanation. In fact, these novel
materials emerge as a promising alternative to conventional Ni/Al2O3 and Ni/CeO2 catalyst[1].
However, to the best of the authors' knowledge, the reaction mechanism during CO2 methanation
over these catalysts has not been reported yet in the literature. The knowledge of adsorbed
species that are formed during CO2 methanation on
catalyst surface could be of great help when proposing
kinetic models for precise fitting to experimental kinetic
data and determining the RDS on a specific catalyst.
The main objective of this study is to analyze the
reaction mechanism during CO2 methanation over the
previously developed catalyst obtained after 10%
LaNiO3/CeO2 precursor reduction. For this purpose,
the surface intermediates and the actives sites formed
during CO2 adsorption and methanation on the catalyst
surface, in the 200-450 ºC temperature range, were
followed by operando FTIR and NAP-XPS analysis,
respectively.

Figure 1. FTIR spectra recorded at different
temperatures under CO2 methanation
conditions (H2:CO2 = 4:1).

Near-ambient pressure XPS (NAP-XPS)
experiments provide information about the dynamic of
the surface reestructuration of the 10% LaNiO3/CeO2 catalyst during its exposure to different
gaseous environments (CO2, CO2 + H2 or H2). The depth-profile of Ni, La and Ce oxidation states
and their contents were obtained at different photon energies (320, 375 and 1125 eV). Two main
phenomena are identified during perovskite reduction. On the one hand, the Ce4+ is progressively
reduced to Ce3+. On the other hand, Ni tends to be reduced from 2+/3+ oxidation state to Ni0 at
increasing with a simultaneous enrichment of Ni0 in the outer shell of the catalyst. The surface
properties were also analyzed under different gaseous environments: CO2 + H2 or CO2 at
increasing temperature (200-450 °C). As observed, Ce3+ tends to be reoxidized to Ce4+ at
increasing temperature; meanwhile, no significant changes are observed in Ni oxidation states,
suggesting its high stability, as observed in our previous work[1].
The CO2 methanation was analyzed by means of operando FTIR in the 150-450 ºC
temperature range (Figure 1). As can be observed, multiple bands ascribed to CO2 adsorption in
form of mono- and bi-dentate carbonates as well as bicarbonates can be observed in the 8002000 cm-1 region. Additional discrete bands are observed at 1279, 1415 and 1593 cm-1,
suggesting the presence of formate species. Finally, a small band at 1321 cm-1, ascribed to
methane gas formation, can be also observed. As expected, the intensity of this band increases
with experiment temperature, whereas the formate specie bands decrease. These results suggest
the role of formates as the main reaction intermediate during CO2 methanation.
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Vine processing, with a world surface of 7.3 million Ha cultivated with vineyards in 2021 (of
which Spain is the major contributor with over 13%) [1], generates a large amount of wastes
suitable for valorization. The main organic wastes of the wine sector are constituted by skins and
scrapes, obtained after the extraction of the grape juice and vinasse. One alternative to take
advantage of these resources is anaerobic digestion, which allows to increase the added value
of these wastes by obtaining biogas to produce heat and electricity and the by-product digestate,
valorized in agriculture.
The exploitation of these resources requires sustainable and efficient technology. Spouted
beds technology allows efficient fluid-solid contact, due to the vigorous cyclic movement of solid
particles which avoids agglomerates and segregation, because of handling of particles of different
size and density [2]. This technology in conical geometry has been applied for treatment of
biomass wastes by our PROCATVARES research team [3-9].
In this paper, a conical spouted bed has been designed for
valorization of grape skin and scrapes wastes by anaerobic digestion.
Particles of grape wastes, Figure 1, have a density of s = 1050 kg/m3,
particle diameter range, 3 < dp (mm) < 7 and moisture content 150 wt %
(d.b.) determined by Mettler Toledo HB43-S Halogen hygrometer. In
order to design the conical spouted bed digester, these wastes have
been grinded to smaller particle diameters by Fritz Pulverizette mill, prior
to introducing them to the digester.
Figure 1. Grape skin and scrapes wastes
In order to obtain the adequate design of the conical spouted bed reactor for the grape
wastes digestion, their performance has been determined with different geometric factors of the
reactor under different operating conditions. The minimum fluid flow rate required to achieve the
conical spouted bed regime has been determined from the evolution of pressure drop with fluid
velocity [10], which conditions the characteristics of the impulsion system to use in the equipment.
Operability conditions for anaerobic digestion of grape skins wastes have been delimited under
different operating conditions and geometric factors of the reactor (cone angle and inlet diameter
to particle diameter ratio). The start-up of anaerobic digestion has been successfully achieved.
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Aldehydes are volatile organic compounds (VOCs) recognized as primary and secondary
pollutants emitted into the lower atmosphere from several sources. For example, 2methylpentanal (2MP) is emitted into the troposphere from vegetation and human activities such
as industries[1]. These VOCs can be removed by tropospheric oxidation initiated by sunlight,
hydroxyl (OH) radicals or chlorine (Cl) atoms during the daytime, being important contributors to
the formation of peroxyacylnitrates (PANs), ozone, and secondary organic aerosols[2]. Up to date,
the gas-phase kinetics of the reaction of OH with 2MP have been reported[3]. However, no kinetic
measurements of the reaction with Cl and sunlight were found in the literature.
For this reason, the aim of this work is to determine the photolysis rate coefficient (J) in the
solar actinic region (λ ≥ 290 nm) of 2MP and the rate coefficient of the gas-phase reaction of 2MP
with Cl (kCl) in synthetic air at 298 K and 760 Torr under free-NOx conditions (simulating a clean
atmosphere). The photolysis rate coefficient has been measured using a solar simulator as an
irradiation source, which illuminates a Pyrex cell coupled to a Fourier Transform Infrared (FTIR)
spectrometer to monitor the loss of 2MP[4]. The rate coefficient kCl has been determined by a
relative kinetic method in the presence of a reference compound using an atmospheric simulation
chamber coupled to a FTIR spectrometer[5].
In addition to kinetic study, the gas-phase reaction products have been detected when 2MP
was exposed to Cl by using several techniques: FTIR spectroscopy, proton transfer time-of-flight
mass spectrometry, and gas chromatography coupled to mass spectrometry[6].
Finally, the atmospheric implications of the 2MP degradation will be discussed in terms of
its lifetime due to homogeneous reaction with Cl, OH and sunlight and the observed reaction
products.
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The industry is continuously looking for solutions with the aim of solving issues presented
by heat transfer and storage. In this way, the continuous improvement in developing sustainable
and environmentally friendly fluids with high efficiency at extreme conditions is the main trend to
achieve the new sustainability challenges.

Vegetable oils and their derivatives, structured with nanoparticles, could be an alternative
to mineral or synthetic oils for sustainable fluid formulations. Hydrophobic nanoparticles have the
capability to change the rheological behavior of oil in suspensions, providing a large variety of
non-Newtonian behaviors over a wide range of temperatures depending on the concentration and
hydrophobicity. This permits the design of fluids with selected characteristic for a large variety of
applications.

In this work, different fluids have been formulated using vegetable and synthetic oils and
nanoparticles, such as, organoclays. Rheological and physicochemical properties have been
measured as a function of pressure and temperature. Both, surface tension and viscosity, show
a pronounced dependence on pressure and temperature. The presence of nanoparticles
enhances both mechanical and physicochemical properties depending on concentration and
processing conditions.
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mL H2/gCOD

Biohydrogen is a promising energy fuel since it is clean and renewable and contains high-energy
value (142 kJ/g) without contributing to greenhouse effects (de la Rubia et al., 2018). Its production
from biological routes, such as dark fermentation, is emerging as a promising process consisting on
the conversion of organic substrates into hydrogen by specific strains of anaerobic bacteria in the
absence of light. However, H2 production is affected by different factors that can decrease its
productivity and make the process unstable, such as organisms that consume H2 or compete for the
substrate and fermentation or products that can inhibit the process.
In this work, the biomass activity on H2 production of a mesophilic anaerobic inoculum from an
industrial brewery wastewater treatment plant was determined. Specific hydrolytic activity (SHA), and
specific acidogenic activity (SAA) tests, using cellulose and glucose as substrates, respectively, were
performed as described Burbano et al. (2019). To eliminate hydrogen-consuming bacteria, a
pretreatment based on inoculum heating at 105 ºC for 30 min was performed. The biomass activity
of raw inoculum (NPI, no pretreated inoculum) and thermally pretreated inoculum (PI) was compared.
Four triplicate experiments were Table 1. Test Reactor design
carried out using 120 mL glass serum
Test Inoculum Substrate
Inoculum
SIR
vials, filled with 80 mL of a suspension
Concentration
of inoculum, substrate, macro- and
gVS/L
micronutrients solution, and deionized
Glucose
8.0
1.60
1
NPI
water. For comparison purpose, initial
Glucose
8.0
1.60
2
PI
inoculum concentrations of 2 and 8
Glucose
2.0
0.13
3
PI
gVS/L, and substrate to inoculum ratios
Cellulose
2.0
0.13
4
PI
(SIR) on a chemical oxygen demand
(COD) basis of 0.13 and 1.6, were set up as indicated on Table 1. The initial pH was settled to 5.5
and the bottles were maintained in a shaking water bath at mesophilic temperature (35 ± 1 ºC) and
120 rpm.
As can be seen in Figure 1, the SHA of PI (Test 4), as well as SAA of NPI (Test 1) were negligible,
while SAA of PI (Tests 2 and 3) showed high activity. Moreover, lowering SIR from 1.6 to 0.13
increased the total hydrogen production until 319 mL H2/gCOD achieving a H2 yield of 81.6% (Table
2). Therefore, it can be concluded that not only pretreatment but also SIR affect the activity of the
biomass.
400
Table 2. Test results summary
Test 1
Test 2
H2
H2
300
Test
production yield
200
mLH2/gCOD
%
14.9 ± 0.7
20.8
1
100
164.0 ± 7.0
39.4
2
319.0
±
4.0
81.6
3
0
1.0 ± 0.0
0.75
4
0
50 Time (h)100
150
Figure 1. Biomass activity of untreated and pretreated inoculum.
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Photocatalysis is a technology widely studied, especially for water remediation and
hydrogen production. The search for new photocatalysts easy to separate and reuse is one of the
current challenges. Photocatalytic process takes place through the action of different reactive
oxygen species (ROS) that are formed after irradiation of the photocatalysts[1]. Identification of
ROS can help to determine mechanisms and optimize the process. With the aim to clarify the role
of ROS on the degradation of the herbicide S-metolachlor (MTLC) in aqueous media, experiments
with three different photocatalysts, TiO2 (T), and synthesized TiO2/rGO (TG) and TiO2/Fe3O4/rGO
(TFG) have been carried out and compared in absence and presence of ROS scavengers. To
this end, p-benzoquinone (BQ), tert-butyl alcohol (t-BuOH) and formic acid (FA) have been used
•for the inhibition of superoxide radicals (O2 ), free hydroxyl radicals (•OH) and both valence band’s
+
holes (h ) and free hydroxyl radicals, respectively[2]. The scavengers were added to the solution
after the adsorption equilibrium was reached and UV-A light was turned on.
(a)

(b)

(c)

Figure 1. Photocatalytic results with and without scavengers with photocatalysts (a) TiO2 (T),
(b) TiO2/rGO-5 (TG) and (c) TiO2/Fe3O4/rGO-5 (TFG) experiments.
Figure 1 shows that the results were quite similar regardless of the catalyst. When no
scavenger was used, 30 mg L-1 of MTLC were degraded in about 30 minutes with 0.5 g L-1 of
•each photocatalyst. The addition of BQ reduced MTLC degradation by 30 %, so O2 radicals
participated in the photocatalytic process. t-BuOH was adsorbed on the surface of the material;
the results confirmed the t-BuOH adsorption on the photocatalyst as MTLC was desorbed. When
TG and TFG were used, MTLC concentration decreased by 10 % when •OH radicals were
quenched by t-BuOH. Finally, after adding FA to the solution, a decrease on MTLC concentration
was also observed. For TG, the difference in MTLC degradation was about 15 %, so this could
be attributed to the effect of •OH and h+. In contrast, when using T and TFG, after 20 min and 30
min of photocatalysis, respectively, the MTLC concentration increased again, suggesting that
MTLC was desorbed while FA was adsorbed on the catalysts surface. Therefore, not only the
presence of ROS but also the competitive adsorption are key issues to understand the process.
Acknowledgements. These results are part of the R&D project RTI2018-099407-B-I00 funded
by MCIN/AEI/10.13039/501100011033 and by “ERDF A way of making Europe”. Carmen Barquín
is also grateful for the FPI contract PRE2019-089096.
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Solar energy is one of the cleaner forms of renewable energy resources. Althought the
conventional solar collector is a well-established technology, the thermal efficiency of these
collectors is limited by the absorption properties of the working fluid, which is very poor for typical
conventional solar flat plate collector[1]. Recently, the use of nanofluids (NF) has been shown to
improve the thermal efficiency of the flat plate solar thermal collectors. Nanofluids are a new type
of fluid in which small suspended solids of nano size are dispersed in a base fluid. The growing
interest in this type of fluids is given by the improvements in their thermal capacities mainly due
to their higher thermal conductivity, which makes them especially useful in heat transfer
applications[2].
In the present work, alumina nanofluids with a concentration of 1 and 2 %(v/v) in milliQ
water have been prepared with high power ultrasounds. Nanofluids were fully characterized and
used as heat fluid transfer in an experimental flat plate solar collector.
Figure 1 shows the yield obtained in the collector for water and a nanofluid (Al2O3, 1%v/v).
It can be observed that the yield is approximately 31.6% on average in the different
measurements when using water, while when using the nanofluid an average yield of
approximately 50.7% has been obtained, attaining an improvement of about 20%, operating
under similar conditions.

Figure 1. Collector yield for water and the nanofluid (Al2O3, 1%v/v).
Funding: This work has been partially supported by the grant ref. PID2020-113081RB-I00 funded
by MCIN/AEI/ 10.13039/501100011033 and part of the grant ref. 20977/PI/18 funded by the
research support program of the Seneca Foundation of Science and Technology of Murcia, Spain.
Marta G. Fuster acknowledges support from FPI grant (Ref. PRE2018-086441) funded by
MCIN/AEI/ 10.13039/501100011033 and by “ESF Investing in your future”.
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Abstract
Short-chain esters are compounds frequently used in different industrial sectors such as
food, cosmetics and pharmaceuticals, among others. For this reason, investigations are currently
being carried out to improve the sustainability of the esterification processes that produce these
compounds, since the catalysts (acids, resins, ionic liquids, etc.) used to improve the efficiency of
these reactions are not environmentally friendly. However, a cleaner alternative is to catalyze the
liquid phase esterification of carboxylic acids with alcohols, using immobilized
lipases, to form the corresponding ester and water,
because those enzymes are selective in said reactive
processes, since they even avoid unwanted
secondary reactions. The catalytic activity of lipases
improves at moderate temperatures (30-70 °C),
causing a decrease in the necessary energy
consumption of the reaction, compared to other
options. In addition, the immobilization of the enzyme
on porous solid supports generates certain
advantages on the esterification process, typical of
heterogeneous catalysis, such as the simple
separation of the catalyst from the reaction medium,
and the possibility of reusing the enzyme in
successive reaction cycles.(1) In addition, according to
international regulations (CE, 1333/2008, U.S. Dpt. of
Health & Human Services), the products obtained via
enzymatic synthesis are labelled as "natural", so their
value exceeds to those others produced by other
routes. However, despite their potential, these
enzymatic processes, in general, are not yet
industrially exploited. One of the main reasons is that until recently most scientific papers
recommended operating with very low concentrations of reagents to avoid enzyme denaturation.
However, the solvent-free systems (SFS) are increasing their use,(2) since the presence of an
additional solvent in a process implies an extra cost and also the creation of an extra unit for its
recovery, with the corresponding energy consumption.
In this work we present the results of the enzymatic synthesis of pentyl acetate and
propanoate, obtained at 40 ºC, from the corresponding carboxylic acid and pentan-1-ol, using an
immobilized commercial lipase. The effects of: (a) acid/alcohol molar ratio, and (b), the reuse of
the enzyme on esterification rate and conversion are analyzed. Reactions are carried out in a
stirred batch reactor at constant temperature, stirring, and enzyme/acid mass ratio throughout all
experiments. The reaction kinetics is evaluated from the remaining carboxylic acid concentration
over time. The results show that the solvent-free reaction occurs with high rates and conversions
under certain conditions, so the use of a solvent is not required, which is advantageous with
respect to the volumetric productivity of the process and the subsequent ester purification steps.
In addition, enzyme reuse was performed for 10 successive cycles under the aforementioned
conditions with acid/alcohol=1/2, with no signs of enzyme damage.
References
[1] T. Garcia, A. Coteron, M. Martinez, J. Aracil. Chem. Eng. Sci. 2000, 55(8), 1411-1423.
[2] G. Sandoval, J. S. Condoret, P. Monsan, A. Marty. Biotech. & Bioeng. 2002, 78(3), 313-320.
1346

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-823

STUDY OF THE MAIN URBAN POLLUTANTS BEHAVIOR IN MURCIA
María del Mar Durán del Amora, Antonia Baeza Caracenaa, Mercedes Llorens Pascual del
Riquelmea and Francisco Esquembre Martínezb
a
University of Murcia, Department of Chemical Engineering and bDepartment of Mathematics
e-mail: mariamar.duran@um.es
Keywords: streets, squares, urban pollution control, air quality, environmental management
Pollutants such as benzene, nitrogen oxides, ozone and particulate matter pose a risk
factor for the population health, cause damage to vegetation and even the deterioration of
materials and infrastructures in urban areas. Therefore, these species must be controlled and
kept below certain limits[1] being necessary to know their concentration and behavior throughout
the city. In this study, the contamination levels present in the air of the city of Murcia have been
evaluated and it has been analyzed how they behave and are distributed depending on the area
of the city and its surroundings. The study areas selected are the main roundabouts and avenues
of the city and numerous streets of the old town known as "canyon streets" which are
characterized by a buildings’ height greater than the width of street. After establishing an
adequate sampling plan, the concentration values are obtained using a portable air quality
measurement device, known as FLOW 2[2]. From the experimental data, pollutant concentration
maps representative of the level and distribution in each zone of city are drawn up[3]. After
normalizing these values, a statistical study (ANOVA) is carried out, checking the existence, or
not, of significant differences between the pollution levels measured during different days. In
addition, to evaluate the pollutants distribution, environmental factors like atmospheric stability,
wind, humidity or temperature have been considered, as well as factors associated with urban
activity and characteristics such as the density and influence of traffic, the presence of traffic lights
or vehicle confluence points, vegetation zones, the orography of the terrain and the geometry and
edification of the area studied. All this has made it possible to establish a behavior and dispersion
pattern of pollutants in the main avenues (Fig 1a) and squares (Fig 2c) of the city, resulting
unpredictable in the "canyon streets" (Fig 1b) as a consequence of the microscale movements
that occur.

a)

c)

b)

Fig 1. Pollutant concentrations in a main street (a) and a roundabout (c) with pattern and in a
“canyon street” without pattern (b).
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The intensive production of lindane ( -Hexachlorocyclohexane) generated vast quantities
of solid wastes (approximately 85% of the final product) during the last decades. These residues
(a mixture of HCH isomers, especially α-HCH and β-HCH) were usually dumped in unlined
landfills, generating superficial soil pollution. Due to the toxic nature of these compounds, urgent
remediation strategies are required. One of the main limitations when treating soils polluted by
hydrophobic organic compounds (HOCs), as is the case of HCHs, comes from their low aqueous
solubility. To tackle this issue, the on-site washing of polluted soils using surfactant solutions,
increasing the solubility of these hydrophobic compounds, is a promising alternative. The resulting
surfactant emulsion should be subsequently treated to degrade the solved pollutants. In this
sense, the use of persulfate (PS) as an oxidant has gained increasing attention in the last decades
[1]
. The successful application of surfactants for soil washing combined with further PS-oxidation
treatments is greatly influenced by selected the pollutant/surfactant/oxidant system. In this
context, the current work aims to select the most suitable surfactant and the operating conditions
(concentration, contact time, pH) for the on-site washing of real HCH-polluted soils (Bailín’s
landfill, Sabiñánigo, Spain) to establish the baseline conditions for combined soil washing and
oxidation of the resulting emulsions.
The concentration of HCHs in the polluted soil was: -HCH = 300 mg/kg and -HCH = 49
mg/kg. Different surfactant types, all commercial and widely used in soil remediation: an anionic,
sodium dodecyl sulfate (SDS), and two non-ionic, Tween-80 (T80) and Emulse-3 (E3), have been
tested. The ability of these compounds (Csurf=10 g/L) to solubilize organic pollutants has been
considered through the partition coefficient value (Kd, mass ratio between HOCs concentration in
soil and aqueous phases at equilibrium conditions, 24 h, soil/aqueous ratio=2). This study has
been carried out at neutral (natural conditions) and alkaline pH (pH>12, CNaOH=13.5 g/L),
considering that the subsequent PS treatments may be carried out at these conditions (thermal
and alkaline activation of PS, respectively) [3]. At neutral pH, surfactants addition increased the
mass of HCHs solubilized, decreasing Kd from 41.1 to 3.9, 6.1, and 3.4 for no surfactant, SDS,
E3, and T80 addition, respectively. At pH>12, higher HOCs solubility was achieved since HCHs
(the only pollutants of the soil treated) hydrolyze to trichlorobenzenes (TCBs) [2], with significantly
higher water solubility than the parent compounds (Kd=2.5 without surfactant addition and Kd=0.8
for SDS and E3, associated to a decrease in the critical micellar concentration (CMC)). However,
the stability of Tween at these conditions decreased, diminishing the concentration of HOCs
solubilized to the aqueous phase, thus, precluding the use of this surfactant in treatments at basic
pHs. To avoid surfactant destabilization and reduce subsequent soil alkalinity, lower NaOH
concentrations (2.5 and 4 g/L) maintaining alkaline conditions (pH>12) were tested. The highest
HOCs solubilization was obtained at moderate NaOH concentration (4 g/L), getting the following
solubilization order: SDS (Kd=0.48) > E3 (Kd=0.66) > Tween (Kd=3.7). Additionally, the initial
surfactant concentration (2-10 g/L) has been evaluated for the selected surfactants (SDS and
E3). The higher the surfactant concentration, the lower the Kd value, confirming that surfactants
enhance HOCs desorption from the soil, being this improvement lower as the surfactant
concentration increases. Thus, the surfactant concentration selected was 5 g/L. Finally, the
application of subsequent surfactant washing cycles (3 cycles, 24 h) at the selected conditions
(SDS and E3, 5 g/L and pH>12) was performed, reducing de concentration of HOCs above 85%.
Acknowledgments: This work has been supported by S2018/EMT-4317 and PID2019105934RB-I00 projects.
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A carbon-neutral economy has been set as a crucial target to be achieved by the end of
2050. The deffosilization of the petrochemical industry, a hard-to-abate sector, could offer
economic opportunities to access the European green markets while reducing the dependence
on fossil resources and helping to close the carbon loop[1]. This work tackles a sustainability
assessment under uncertainty when implementing Carbon Recycling Plants (CO2-CRP) to
manufacture CO2-based formic acid (HCOOH) in a 2030-2050 European context. A built-in
process model reported in previous works[2,3] is adapted to include a novel disaggregated material
and energy flow analysis of the CO2-CRP connected with the industry. An ex-ante sustainability
assessment is performed, evaluating the levelized cost of production (LCOP), global warming
(GW), fossil depletion (FD), and land occupation (LO) of the integrated process. Monte-Carlo
simulations are carried out to consider the uncertainty in technology development. Results show
that introducing CO2-CRP could bring significant benefits in CO2 emissions, fossil resources, and
land occupation at a bearable cost in most scenarios (Figure 1.A). Under a most-likely scenario,
electrolyzer energy efficiency and HCOOH concentration may need improvements from today’s
state to achieve profitable investments (Figure 1.B), though electricity cost and source could be
critical to stretch or tighten the feasibility range (Figure 1.C).

Figure 1. Comparative sustainability assessment of the CO2-based HCOOH from the CO2-CRP
powered by wind-based or solar-based electricity mixes (A). Sustainability index (weighting of
normalized LCOP, GW, FD, and LO) as a function of electrolyzer performance variables (B) and
electricity supply conditions (C) under a most-likely scenario.
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The use of renewable sources has attracted much attention in order to satisfy the growing
demand of hydrogen which nowadays is still mainly produced by reforming of natural gas and oil
derived products [1]. There are many renewable sources through which hydrogen can be
generated, but in terms of environmental impact criteria biomass is accepted as an attractive
energy source given that it is a net contributor of carbon dioxide. Among different thermochemical
technologies for hydrogen production from biomass, the joint process of pyrolysis-steam
reforming of volatiles is a novel and promising strategy and it is gaining increasing interest [2].
However, it is conditioned by the endothermicity of the reforming reaction and the fast catalyst
deactivation. Oxygen addition may potentially overcome these limitations.
This study has been carried out in a pilot plant provided with a continuous feed
configuration consisting of a conical spouted bed reactor for the pyrolysis stage, followed by a
fluidized bed reforming reactor. Pine sawdust is the biomass fed and the remaining volatiles have
been reformed on a commercial Ni catalyst. Further, an O2 stream is fed into the catalytic bed in
order to perform oxidative steam reforming (OSR).
The effect operating variables of the reforming step (S/B ratio and ER ratio) have on the
carbon conversion and product yields have been analyzed. The pyrolysis step has been carried
out at 500 ºC and the catalytic OSR conditions have been: temperature, 600 ºC; water flow rate,
3 mL min-1; space-time, 15 gcatalyst min gvolatiles-1; steam/biomass (S/B) ratio, from 2 to 5; and ER
ratio, 0-0.18. The volatile stream leaving the reactor has been analyzed in-line by means gas
chromatograph (Varian 3900) provided with a flame ionization detector (FID) and the noncondensable gases have been analyzed in a micro GC (Varian 4900).
Volatile products of biomass pyrolysis are fully converted to gas for all the S/B ratios
studied. These results can be attributed to the relatively high space time studied, which ensures
high conversion values. Moreover, the presence of steam in the reaction medium also enhance
the reaction rates for reforming reaction and the WGS reaction. Thus, H2 and CO2 yields increases
(from 91 to 94% and from 85.7 to 92.3 %, respectively) when the S/B ratio is raised from 2 to 5,
whereas the opposite trend is observed for CO, i.e., a decrease from 13.7 to 6.9%.
However, an increase in ER caused an increase in CO2 concentration and a reduction in
those of hydrogen and CO. Thus, oxygen enhances combustion reactions, with the subsequent
increase in CO2 and H2O concentrations. Even so, it is observed that in ATR conditions also allow
attaining high hydrogen yields (around 10 wt% by mass unit of the biomass in the feed), which
are only 9-10% lower than those obtained without oxygen (SR conditions)
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Phase inversion is a technique to produce membranes that can require the use of organic
solvents. At the same time, the use of inorganic clays in composite membranes can improve the
former material properties. In this context, Laponite® crystals are disk-shape nanoparticles with
potential applications, such as tissue engineering or water treatment. Moreover, the use of
supercritical CO2 assisted techniques to process polymeric systems have been proposed over
these last years to avoid the use of organic solvents. These technologies can be considered
environmentally friendly and take advantage of the intermediate liquid-gas properties of the
supercritical CO2. Among these processes, supercritical phase inversion is an adequate
technique to produce composite membranes with correct properties (i.e. pore size) for any
application.
Therefore, this work proposes the use of supercritical phase inversion as a clean
technology to include nanoparticles of an inorganic clay (Laponite®) in membranes of cellulose
acetate to improve the material´s properties. According to the results, membranes with a pore
size ranging from 10 to 15 microns were obtained depending on the experimental conditions.
These membranes were characterized for biomedical applications, showing an increase on the
cell adhesion (from 15% to 80%) depending on the amount of the included Laponite®. These
results showed the possibilities of this environmentally friendly technique to produce composite
membranes for biomedicine.
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Lithium has been incorporated for the first time as one of the raw materials declared critical
by the European Union in 2020. Its global consumption in 2020 was estimated at 56,000 tons of
Li+ content, and its demand increased in the second half of that year mainly due to strong growth
in the lithium-ion battery market[1]. Currently, the Li+ produced worldwide is concentrated in a few
geographic locations. In this sense, EU resource independence is critical to fostering
sustainability and competitiveness in its industrial sector. Mining and Salt Lake brines are
conventional Li+ sources. Such processes present certain disadvantages among others, affects
the hydrological water cycle[2]. In a context of circular economy, new lithium sources such as the
extraction from seawater desalination plant concentrates show increasing potential. Currently,
seawater reverse osmosis (SWRO) desalination plants are generating concentrated brine
discharges on the order of 100×106 m3 each day, with the rejects being 10 to 15 times more
concentrated than usual seawater[3]. Besides the undeniable interest, it is a challenge to
incorporate technologies capable of extracting Li+ from SWRO brines due to its still low
concentration and competition with the rest of the ions that make up the SWRO. Liquid-liquid
extraction has certain advantages such as low cost, high efficiency, easy scalability, simple
equipment requirements, and recyclable extractants.
The main objective of this work is to carry out a computational study of the most promising
extractants towards lithium, in presence of the metal ions found in higher concentration in the
brines such as Na+, K+, Mg2+, Ca2+, and Sr2+. Their equilibrium and thermodynamic properties
have been obtained via molecular simulation using ab initio Density Functional Theory (DFT)
simulations. A previous study of the state of the art pointed out the β-diketones DBM, TTA, FTA,
BTA, FDOD and LIX54 and organophosphates TOPO, TBP, TRIS and BIS as those extractants
with higher selectivity towards Li+. All of them, as well as different combinations of β-diketones
with TOPO have been combined with the group I (Li+, Na+, K+) and group II (Mg2+, Ca2+, Sr2+)
cations in order to assess their binding energies, making for a total of 96 complexations and 6
hydration reactions. The geometries, reaction energies, and thermodynamic parameters have
been evaluated.
Using the square of the electronic wave function an electrostatic interaction was confirmed
as cation-extractant/s bonding. The complexation reaction energies of the systems formed by a
cation and a single extractant display negative ∆E and ∆G values, pointing towards stable
complexes and spontaneous reactions. The extraction coefficient, K, follows the order
K(K+)>K(Na+)>K(Li+)>K(Sr2+)>K(Ca2+)>K(Mg2+). In consequence, selectivity Li+ towards cations
of the group II was higher, S(Li+/Mg2+)>S(Li+/Ca2+)>S(Li+/Sr2+) for the combined mixtures
BTA•TOPO and FDOD•TOPO and lower towards group I cations, S(Li+/Na+)>S(Li+/K+) for
DBM•TOPO and LIX54•TOPO. The selectivity of Li+ regarding the rest of the cations and the 16
extractants and mixtures of extractants was lower than the selectivity of Li+ with respect to each
cation, being the best value for the DBM•TOPO and LIX54•TOPO systems. The results obtained
are expected to provide a tool on the behavior of the most promising extractants towards Li+ in
seawater desalination concentrates.
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Waste plastic gasification processes have attracted considerable attention in recent years
for the sustainable production of syngas, which could be used as fuel or as an intermediate
product in the production of other fuels and chemicals. Furthermore, gasification is well-known for
its capability of treating mixtures of a wide range of plastics with high efficiency [1, 2].
A study was carried out on the valorization of different waste plastics (HDPE, PP, PS and
PET) by means of steam gasification. A thermodynamic equilibrium approach using Gibbs free
energy minimization method has been assumed for the evaluation of suitable conditions for the
gasification of waste plastics. This approach is especially interesting in complex systems with
multiple compounds and reactions, as is the case of waste plastics gasification, given that it does
not require equilibrium constants to determine equilibrium compositions. Pro II 2021
thermodynamic simulation software, specifically the equation of state by Soave-Redlich-Kwong,
was used for simulation. The reactor has been considered isothermal and the reaction performed
at constant pressure.
The effect the most relevant conditions, i.e., temperature (700-900 ºC) and steam/plastic
ratio (0.75-2), have on H2 production was evaluated. Furthermore, the most suitable conditions
for the steam gasification of plastics of different nature were determined. The adequacy of this
simulation tool was validated using experimental results obtained in the gasification of HDPE at
different temperatures (800-900 ºC) and S/P ratios (1-2) in a conical spouted bed provided with a
bed of sand.
Temperature has a remarkable influence on the gaseous products yield and the amount of
reacted water. Thus, for HDPE H2 production ranges from 24.0 wt.% (kgH2/kgplastic) at 700 ºC to
29.5 wt.% at 900 ºC. CO yield also increases from 139.7 wt.% at 700 ºC to 188.6 wt.% at 900 ºC,
whereas that of CO2 decreases from 43.0 wt.% at 700 ºC to 15.0 wt.% at 900 ºC. This is due to
the enhancement of the reverse Water Gas Shift reaction. It is noteworthy that methane yield is
negligible at the highest temperature studied.
Concerning the S/P ratio, H2 production increases in a very pronounced way from 0.75 to 1.5
(from 11.2 wt.% to 29.3 wt.%) and slightly from this value to 2 (from 29.3 wt.% to 31.0 wt.%).
Nevertheless, H2 concentration in the gas stream hardly changes for S/P values above 1.5.
Methane concentration is considerable up to S/P values of 1.25 and almost disappears for higher
values. It is noteworthy that higher S/P ratios favor the Water Gas Shift reaction and therefore
lead to a decrease of the concentration of CO and an increase in that of CO2.
Regarding the type of plastic analyzed, the equilibrium simulation predicts full conversion for
HDPE, PP and PS, but not for PET. PP and HDPE have a very similar behavior; that is, the yield
of all the components in the gaseous stream is very similar. In the case of the other plastics, the
yield of the gaseous stream it is slightly lower for PS and much lower for PET (of around 230 and
160 wt.%, respectively). This is reflected in the production of H2, which in the case of PET is below
half that corresponding to the other plastics (of around 10 and 30 wt.%, respectively).
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Electrodialysis with bipolar membranes (EDBM) is a membrane technology able to produce acids
and bases, HCl and NaOH, from seawater reverse osmosis (SWRO) desalination brines. SWRO
facilities require large volumes of both chemicals, thus, an in-situ production could contribute to
the self-supply of the process, which fits the principles of Circular Economy. Among both
products, NaOH presents a special interest due to its higher requirements and price, however,
EDBM technology itself, at the current state of the art, is not able to achieve standard commercial
concentrations commonly employed in the facilities. [1] Therefore, a further concentration stage,
in particular evaporation, [2,3] is required in order to employ the NaOH produced in-situ without
replacing equipment or making modifications in the facility layout.
In this sense, the aim of the present work is to evaluate the technical and environmental feasibility
of the integration of EDBM and a triple effect evaporation in order to produce commercial NaOH
(50%wt.) from SWRO brines.
The triple effect evaporation for NaOH concentration has been simulated using Aspen Plus
software. The impact of the NaOH concentration in feed stream (7 to 10%wt.) in the specific
energy consumption of the evaporation (SECEV) and the integrated process (SECOV) has been
evaluated. A SECEV reduction from 21.9 to 14.8 kWh·kg−1 of NaOH is achieved when NaOH
concentration in feed stream is increased from 7 to 10%wt. NaOH. SECOV in the range of 26.9 to
42.1 kWh·kg−1 of NaOH are reported.
In addition, the environmental burdens of the integrated process, focusing in the power supply
employed in the EDBM process (Spanish grid mix versus solar photovoltaic energy), have been
quantified using as indicator the Carbon Footprint (CF). CFOV reductions up to 54.7% are achieved
when solar photovoltaic energy is employed as power source for EDBM, with a value of 5.38 kg
CO2-eq.·kg-1 NaOH.
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The discharge of lindane ( -HCH) wastes in unlined landfills has generated groundwater
and soil pollution worldwide. The liquid waste generated during lindane production and purification
(mixture of 28 chlorinated organic compounds, COCs, from chlorobenzene to
heptachlorocyclohexane, including the different hexachlorocyclohexane isomers, HCHs)
constitutes a dense non-aqueous phase liquid (DNAPL) with high persistence in the environment.
In situ chemical oxidation (ISCO), in which reagents (oxidant and activator) are injected in the
subsoil, is effective for the degradation of organic pollutants [1]. It has recently been proven that
persulfate (PS) activated by NaOH (pH>12) is efficient for the in situ remediation of soils
contaminated with DNAPL [2]. However, due to low COCs solubility, high reaction times were
required. The simultaneous injection of surfactants (amphiphilic substances that highly increase
pollutant solubility) and oxidants (surfactant enhanced in situ chemical oxidation, S-ISCO) has
recently been proposed to overcome this limitation [3]. However, scarce information on this
process can be found in the literature, especially regarding the toxicity of soils after the
remediation treatments, which is a determining aspect for its full-scale application. Thus, this work
studies the remediation of soil polluted with this DNAPL coming from lindane waste (collected at
a depth of 15.6–16.1 m, at the Sardas’s landfill, Sabiñáñigo, Spain) by S-ISCO. The toxicity of the
soil before and after the treatment has been evaluated by the Microtox® test. To determine the
influence of the selected surfactant in soil toxicity, the results obtained have been compared with
those corresponding to ISCO (at equivalent COCs conversion values).
Firstly, to select the most suitable surfactant for S-ISCO experiments, toxicity evaluation of
an anionic: sodium dodecyl sulfate (SDS) and non-ionic surfactant: Emulse-3® (E3) was carried
out. Considering that E3 was significantly less toxic (EC50=10.13 mg/L) than SDS (EC50=1.14
mg/L) and more biodegradable, this surfactant was selected. S-ISCO experiments (E3-PSNaOH), with different concentrations of E3 (5 and 10 g/L) (as well as ISCO, PS-NaOH) were
carried out in column (50 g of polluted soil (COCs=3682 mg/kg), eight pore volumes (PV), 48 h
between PV injections, total time of 16 days). After the remediation treatments, the resulting soils
were washed, simulating the conditions of groundwater flux in the subsoil. At these conditions,
the oxidation treatments led to COCs conversion above 95%. The toxicity of the initial polluted
and the treated soils have been analyzed by the modified Basic Solid-Phase Test (mBSPT). Noncontaminated soil with equivalent physicochemical characteristics to the polluted one was also
measured as a reference. In addition, to ensure total bioavailability of soil contaminants to the
bacteria and, therefore, obtain more representative results, the Organic Solvent Sample
Solubilization Test, using methanol as the organic solvent, was also performed. The initial polluted
soil showed high acute toxicity (Toxicity Units, TU50>1800 ml/g). According to toxicity results, the
treatments studied highly reduce soil toxicity, with TU50 values equivalent to that obtained for the
non-contaminated soil, in the case of mBSPT, and negligible values in the case of the Organic
Solvent Sample Solubilization Test. Moreover, the results obtained showed that neither the
surfactant application nor its concentration causes an increase in the toxicity of the treated soil,
highlighting its suitability for full-scale use.
Acknowledgments: this work has been supported by S2018/EMT-4317 and PID2019105934RB-I00 projects.
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Electrochemical carbon dioxide (CO2) reduction to formate (HCOO-) or formic acid
(HCOOH) is receiving much attention as an interesting alternative to reduce CO2 emissions to the
atmosphere.[1] For implementation at industrial scale, the continuous operation will be required to
develop this type of electrochemical process.[2] In this context, this communication presents a
comprehensive assessment of up to 90 studies focused on continuous CO2 electroreduction to
obtain HCOO- and HCOOH (from 2005 to January 2022), considering the electrochemical reactor
configuration, nature and electrodes configuration of both cathode and anode, types of feed and
membranes implemented in the process. In addition, this work also compiles and quantitatively
compares the main figures of merit obtained in the different approaches (i.e. Faradaic efficiency
for the HCOO- / HCOOH, concentration, rate, energy consumption and current density).
The majority of approaches reported up to the date have been carried out with twocompartment electrochemical reactors, divided by Nafion cation exchange membranes, and using
mainly Sn and Bi-based electrocatalysts in the working electrode. Moreover, Gas Diffusion
Electrodes are the most usual configuration employed as cathodes in the cell, since they increase
the reaction-specific surface with respect to other configurations. Although liquid electrolytes have
been widely used as input streams of the cathodic compartment, promising approaches have
been proposed in the last years using humidified CO2 input streams, avoiding the use of liquid
electrolytes and decreasing limitations associated with low CO2 solubility in aqueous media.
The quantitative comparative assessment of the figures of merit highlights that the highest
HCOOH concentrations have been achieved with humidified CO2 input streams in a threecompartment reactor with Bi-based electrocatalysts, but working at modest current densities, and
with higher energy consumption compared to other approaches. Product concentration is not
reported in many studies, although it could be a crucial aspect because purification of diluted
products would involve high energy penalty. It is important to remark that there were no
approaches that combined high concentrations with operation at commercially-relevant current
densities >500 mA cm-2. The use of two-compartment reactors with liquid electrolytes allows
operating at high current densities of up to 1 A·cm-2, but obtaining product concentrations lower
than 50 g·L-1, and in many cases, than 5 g·L-1. However, the supply of these high current densities
to the electrochemical reactor allows reaching production rates up to 50 mmol·m-2·s-1. In contrast,
rates of approximately 23 mmol·m-2·s-1 at current densities of 600 mA·cm-2 could also be obtained
by the implementation of Sustainion anion exchange membranes in gaseous-fed twocompartment electrochemical reactors. Finally, our analysis reveals that some relevant trade-offs
have already been achieved in the CO2 electroreduction to HCOOH and HCOO- process, but the
simultaneous optimization of all the diverse figures of merit is still a great challenge that needs
further research.
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Surfactant enhanced aquifer remediation (SEAR) is a common treatment to eliminate
dense nonaqueous phase organic liquids (DNAPL) in the subsoil in shorter times. Surfactant
solution is injected and the emulsion with organic contaminants is extracted and treated on-site.
One of the technologies proposed for this scope is the volatilization at moderate temperature, by
passing an air stream at a certain flow rate to selectively volatilize the organic compounds in the
mixture.
The DNAPL used in the current work was present in the subsoil of a highly contaminated
landfill located in Sabiñánigo (Spain). This DNAPL is composed of 28 COCs including
chlorobenzene,
isomers
of
dichlorobenzene,
trichlorobenze,
tetrachlorobenzene,
hexaclorocyclohexanes, hexaclorocyclohexenes and heptachlorocyclohexanes, whereas the
surfactant employed to dissolve and mobilize this DNAPL was E-Mulse3 which is a commercial
nonionic surfactant. The emulsion containing surfactant and COCs was firstly alkalinized to
transform the less volatile COCS (HCHs and HeptaCHs) in COCs with higher vapor pressure
(Trichlorobencenes and Tetrachlorobencenes, respectively[1, 2]). Following an air stream was
bubbled in the emulsion using a gas flow rate (L/min) to liquid volume (L) of 5 min, Runs were
carried out at different temperatures (40 ºC and 60 ºC) and surfactant concentrations (3.5 g·L-1
and 7 g·L-1) under alkaline conditions (pH > 12).
The reduction of COCs in the emulsion after 8 h of treatment are shown (as percentages)
is shown in Figure . As can be seen, the highest the temperature or the lowest the initial surfactant
concentration, the higher the COCs reduction achieved within 8h. The lower temperature the
lower the vapor pressure of COCs and the highest the surfactant concentration the lower the
activity coefficient of the chlorinated compound in the emulsion. The highest reduction of COCs,
more than 80% of the initial value, was obtained at 60ºC (Exp. 3). On the contrary, at 40 ºC and
7 g·L-1 of surfactant concentration (Exp. 2), the reduction of COCs was the lowest value obtained
(45%).
% Reduction of COCs in emulsion

100
CCOCs,0 = 3 g·L-1
80

CNaOH = 4 g·L-1
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40

20

0
Exp. 1
40 ºC
CS0 = 3.5 g·L-1

Exp. 2
40 ºC
CS0 = 7 g·L-1

Exp. 3
60 ºC
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Figure 1. Reduction of COCs in emulsion after 8 h of volatilization treatment
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Grapevine trunk diseases (GTDs) are a type of diseases produced by fungi that develop inside
the plant. These diseases reduce the lifespan of vineyards and increase the costs of producing
winegrapes. Eutypa dieback is one of the most serious diseases of grape wood and it is caused
by a single pathogen, Eutypa lata. [1] Its incidence has increased especially since the prohibition
of chemical products, such as sodium arsenite used for tinder in the beginning and the
benzimidazoles, benomyl and carbendazim, later. Its eradication is not simple and, in fact, no
effective treatment is currently available. [2] For this reason, it is very important the development
of substances that are able to control these diseases with products of low ecological impact and
that comply with current legal regulations. [3,4]
In order to find compounds with antifungal activity, in this work, different bioassays have been
adapted for the Eutypa lata CECT 20118 strain. First, a disk diffusion method was carried out, [5]
in which E. lata was exposed to the action of compounds with potential antifungal activity as (E)2-benzylideneindan-1-one (1), capsidiol (2); a mixture of eremophilenoles (3), and a mixture of
boticinins A and B (4) isolated from the phytopathogen fungi, Botrytis cinerea; and patulin (5)
isolated from Penicillium crysogenum. Subsequently, a poisoned food technique was carried out
with the compounds: (E)-2-benzylideneindan-1-one (1), capsidiol (2), patulin (5). [6]
The results obtained from the disk diffusion method showed that the compounds with better
activity were 4 and 5 (MID = 0.03µg/disk). In the case of the poisoning methodology, patulin (5)
showed the highest inhibition, this being 84.21% after 12 days of exposure to 100µg/L.
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Spirotryprostatin B is an oxindole alkaloid first isolated in 1996 from the fermentation broth of
Aspergillus fumigatus. This alkaloid was found to be an inhibitor of the mammalian cell cycle at
the G2/M phase and of the growth of human chronic myelogenous leukemia K562 and human
promyelocytic leukemia HL-60 cells, so it has attracted considerable interest as a promising drug
for cancer treatment. As an extension of our work on the use of (S)-tryptophanol-derived bicyclic
lactams for the synthesis of indole alkaloids,[1] and having developed an efficient methodology for
the generation of spiroindoline[2] and spirooxindole[3] compounds, we present here our studies
towards the enantioselective synthesis of the enantiomer of spirotryprostatin B. (S)-Tryptophanol
was used as the starting material because it allows the incorporation of the tryptamine moiety of
the natural product as well as acting as the source of chirality.

Figure 1
The key steps of our synthetic approach involve: 1) a stereoselective cyclocondensation between
the (S)-tryptophanol and an aldehyde-ester, 2) a complete regio- and stereocontrolled
spirocyclization, and 3) after the generation of a conjugated double bond, an oxidative ring
opening reaction of the unsaturated lactam (Figure 1). Efforts to complete the synthesis are
currently ongoing in our laboratory.
Acknowledgements: Financial support from the MICIU/FEDER, Spain (RTI2018-093974-B-I00).
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The endolichenic fungi are a group of endosymbionts that reside inside the lichen thallus in
association with the photobiont, without causing any visible symptoms to their host. These
organisms form a diverse group of unexplored mycological flora with great potential for producing
novel biologically active compounds with promising medicinal or agricultural applications [1].
Our aim is the discovery of endolichenic fungal strains and their metabolites with antifungal
properties against phytopathogenic fungi. In our study we collected samples of the lichen
Hypogymnia tubulosa that grows as epiphyte on the bark of Pinus canariensis. We isolated a total
of 26 fungal strains and evaluated the inhibition activity of the extracts against three major crop
causing disease fungi: Alternaria alternata, Botrytis cinerea and Fusarium oxysporum.
The strain M2 showed strong antifungal effects and was identified as Chaetomium fimeti based
on morphological characteristics and molecular analysis of ITS sequences using universal fungal
primers ITS1/ITS4. In order to determine the optimal fermentation conditions, we conducted a
growth curve at different fermentation times. The time-course production by liquid fermentation of
extracts, antifungal activity and HPLC profile will be discussed.
The bioguided fractionation of antifungal EtOAc extract from fermentation of M2 on major scale
resulted in the isolation of two compounds, maculosin[2] (1) and chaetomugilin D[3] (2), with
antifungal properties. This is the first report on the isolation of endolichenic Chaetomium fimeti
from Hypogymnia tubulosa to identify potential alternative antifungal agents.
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Abstract
Microalgae are a vast group of autotrophic microorganisms that can be found in marine,
freshwater, and soil environments. As a result of their metabolic diversity, microalgae can produce
a broad range of valuable organic compounds such as carbohydrates, proteins, lipids, vitamins,
and bioactive molecules in significant amounts for valorization in food, pharmaceutical, and
biofuel industries, among others [1,2]. Microalgae can rapidly grow, multiplying exponentially,
even under severe conditions, and they can be successfully cultivated in large-scale bioreactors
under controlled ambient. Several microalgae species contain notable amounts of
polyunsaturated fatty acids, particularly eicosapentaenoic acid (EPA), which is an important
alpha-linolenic acid derivative for humans with health benefits [3]. Conventional methods (e.g.
Bligh and Dyer) are considered effective ways to extract the total lipids from microalgae, however,
they imply the use of large volumes of organic solvents such as chloroform and methanol, which
pose environmental risks and are toxic. Thus, it is necessary to find new methods involving
sustainable and green solvents. Deep eutectic solvents (DESs) are renewable compounds often
formed, but not exclusively, by quaternary ammonium salts and non-hydrated metal halides. The
availability, low cost, biodegradability, and environmental friendliness of DESs make them
promising alternatives to organic solvents in extraction processes. Recently, DESs have been
applied for the separation of bioactive phenolic compounds, saponins, or flavonoids from plant
materials [4]. This work assesses the efficiency of several DES phases for the extraction of fatty
acids present in the microalgae Nannochloropsis gaditana with a special interest in the recovery
of EPA. The tested phases include mixtures containing choline chloride, betaine, acid lactic, urea,
ethylene glycol, and acetate, and their performances were compared to those provided by
conventional methods based on the use of organic solvents. The preliminary results show that
several of the studied DES compositions offer significant extraction rates in comparison to
conventional methods, especially the phases derived from betaine, opening new research
pathways for the development of environmental-friendly pathways for the valorization of
microalgae biomass.
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Marine sponges of the genus Agelas have been a prolific source of a wide variety of
secondary metabolites that display diverse biological activities and unique structural features. [12]
. Particularly, the nitrogenated diterpenes that include hypotaurocyamines (agelasidines) and
N9-adeninium alkaloids (agelasines), represent an important class of compounds for this genus
and show interesting biological activities, including antibacterial, cytotoxic, antifouling, antifungal
and inhibitory effects on Na+/K+-ATPase.[3]
As a part of our ongoing investigations into search of marine natural bioactive compounds
from organisms collected off the coast of the Yucatan Peninsula (Mexico)[4], we have focused our
attention to the sponge A. citrina because its methanolic extract showed antibacterial activity
against multidrug-resistant (MDR) bacterial pathogens. Our previous chemical investigation of
this sponge led to the isolation of the major known compound (-)-agelasine B[4], which displayed
high anti-bacterial activity against the two Gram-positive bacteria S. aureus strains at 2 mg/L. A
deeper study of methanolic extract of this sponge allowed us to isolate three new diterpene
alkaloids, which we named as (+)-isoagelasine T, (+)-isoagelasine B and (+)-12-hidroxy
agelasidine C, along three known compounds (+)-ent-agelasine F, (+)-agelasine B and (+)agelasidine C (Figure 1).

Figure 1
Their chemical structures were determined by 1D and 2D NMR spectroscopy, mass
spectrometry and comparison with literature data. The absolute configurations of the new
compounds were achieved by comparative analysis of optical rotations, Mosher’s method and
Electronic Circular Dichroism DFT-calculations. Some of them displays promising antibacterial
activity in antimicrobial assays against Gram-positive bacteria.
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Branched esters have a wide range of applications, being particularly suitable for lubricants
and cosmetics due to their characteristic properties: low pour point, high viscosity index, high
thermal and oxidative stability, good biodegradability, low surface tension, high solubility of the
corresponding salts in aqueous and organic solvents, low packing density and high
dispersibility[1].
Traditionally, the production of these esters has been carried out chemically using high
temperatures, which implies the development of secondary reactions that require, if high purity
products are to be obtained, a post-treatment of the product before being marketed, which makes
the process more expensive and environmentally unsustainable. The growing concern for the
environment has encouraged the synthesis of these products by enzymatic means, developing
more environmentally friendly processes that satisfy the principles of "green engineering". In
addition, they allow the product obtained to be labelled as "100% natural", which is an added
value in a market that is increasingly committed to the environment.
The branching can come from acid, alcohol or both, giving rise to a wide variety of esters
with different properties and applications[2]. In this work, the enzymatic process of synthesis of
twenty new esters of 2-methylhexanoic acid and different alcohols (linear monohydroxylated and
dihydroxylated, branched monohydroxylated and dihydroxylated, branched monohydroxylated
and dihydroxylated) has been developed, in the absence of solvents, using Novozym® 435 lipase.
The characterization of these products by means of kinematic and dynamic viscosity
measurements and the determination of the viscosity index has allowed us to analyze their
possible application as biolubricants or cosmetic additives. Based on their viscosity index, some
of the esters obtained in this work have properties suitable for use as biolubricants.
Product
Viscosity index (VI)
2-octyl-1-dodecanol 2-methylhexanoate
204,43
1,10-decanediol 2-methylhexanoate
196,16
1,12-dodecanediol 2-methylhexanoate
187,84
Considering the calculated VI, three of the esters synthesized in this work can be used to
formulate lubricants in cold climates, since their VI have values close to 200. These high values
indicate that the compound presents a stability, in terms of its viscosity value, in a wide range of
temperatures, which makes them very suitable for this type of applications [3].
Among the other esters obtained, some others could also be used as lubricants
(1-hexadecyl 2-methylhexanoate, VI=143,58), and the rest do not have the optimal properties for
this use, but present viscosity and density values suitable for use in cosmetic applications.
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Marine microalgae from the dinoflagellate group are a scarcely exploited source of
biotechnological applications. This is due to the fact that for decades they have presented serious
difficulties for their massive and intensive cultivation, with low yields of biomass and bioproducts.[1]
Dinoflagellates produce a wide variety of substances with extremely complex structures
and potent pharmacological activities, which make them extremely useful as tools for the study
of cellular processes. Despite the interest in these substances, very few are commercially
available, always from specialized laboratories and at very high prices.[2]
Based on our previous trajectory, this work aims to bioprospect for dinoflagellate strains of
the genus Amphidinium in Canary waters for their biotechnological application in the industrial
production of high value-added substances.[3-4] Experiments were carried out surveying 15
strains that were isolated and cultured at a laboratory scale. Two extracts were prepared for each
strain (biomass and cell free culture medium) and, thus screened to provide information on antiproliferative, antikinetoplastid, antiamoebic and anticholinesterase potential.
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L. Souto, J. J. Fernández, M. Norte, F. García-Camacho, E. Molina-Grima. A Pilot-scale
Bioprocess to Produce Amphidinols from the Marine Microalga Amphidinium carterae: Isolation
of a Novel Analogue. Algal Research. 2018, 31, 87-98.

1365

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

PP-843

CHARACTERIZATION OF GENES INVOLVED IN THE BOTRYDIAL
BIOSYNTHETIC PATHWAY
I. Izquierdo-Bueno1,2, J. Moraga1,2, I. Suarez-Caceres1,2, P. Gilabert1, L. Rodriguez-Rivero1, V. E.
Rodriguez-Gonzalez2, C. Garrido2, J. M. Cantoral2, I. G. Collado1
1
2

Department of Organic Chemistry, Faculty of Sciences, UCA, Puerto Real, Spain.

Laboratory of Microbiology, Department of Biomedicine, Biotechnology and Public Health, Faculty
of Marine and Environmental Sciences, UCA, Puerto Real, Spain.
Inmaculada.izquierdo@uca.es
Keywords: Botrytis cinerea, secondary metabolites, biosynthetic pathway

Botrytis cinerea is an ascomycetes necrotrophic fungus that induces gray mold disease on more than
1400 plant species. Numerous secondary metabolites have been isolated from B. cinerea
fermentation cultures including two non-host specific phytotoxins: the sesquiterpene botrydial (BOT)
and its derivatives (botryanes) as well as the polyketide botcinic acid (BOA) and the structurally
related botcinins.
The genes involved in the production of both BOT and BOA are organized in clusters within the B.
cinerea genome. The BOT gene cluster contains five genes encoding biosynthesis enzymes.
BcBOT2 encodes a sesquiterpene cyclase which is the first fungal key enzyme demonstrated to be
able to convert farnesyl pyrophosphate into presilphiperfolan-8--ol. BcBOT1, BcBOT3 and BcBOT4
encode cytochrome P450 proteins.[1] Finally, BcBOT5 encodes a putative acetyl transferase
probably also involved in the biosynthesis of the toxin.
The genomic region of the BOT biosynthetic gene cluster was investigated and revealed two
additional genes named BcBOT6 and BcBOT7. The expression patterns indicated that the BcBOT15 genes as well as the newly identified BcBOT7 gene are dependent on the BcBOT6 protein, which
is located adjacent to five structural genes involved in BOT biosynthesis, is dedicated to the
regulation of the BOT gene cluster. [2]
The genes whose role in the production of BOT has not yet been confirmed are BcBOT5 and
BcBOT7, this is predicted to be a dehydrogenase, could be involved in the conversion of BOT to
dihydrobotrydial (DHB). The identification of BcBOT5 and BcBOT7 is the first step towards a
comprehensive understanding of the biosynthetic pathway of BOT and its ecological role in the life
cycle of B. cinerea. So, to know its true involvement in the biosynthetic pathway, knockout mutants
will be generated and a metabolomic study will be carried out again.
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Neglected Tropical Diseases (NTDs) such as Leishmaniasis and Chagas disease are
defined by World Health Organization as infections occurring in tropical and sub-topicals regions.
[1]
Also, the incidence of emerging and re-emerging Infectious Diseases especially those from
parasites have increased in recent years,[2] which include those caused by Free Living Amoeba
(FLA). The lack of effective and less toxic chemotherapeutic approaches to treat of these
infections require development of new alternative treatments.
As part of an ongoing research on the isolation and characterization of antiparasitic
chemical models from marine sources, this work describes the isolation of a series new active
meroditerpenoids from the organic extract of the brown algae Gongolaria abies-marina. The
structure of the new compounds has been determined by HRESIMS, 1D and 2D NMR
spectroscopy. The antiparasitic activity of the isolated compounds has been tested in vitro against
kinetoplastid parasites of genera Leishmania and Trypanosoma, as well as against
Acanthamoeba castellanii.
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The marine environment is a well-established source of bioactive natural products.
Studies on marine extracts and compounds have reported anti-leishmanial, anti-malarial, antiplasmodial, anti-trypanosoma and anti-amoebic properties.[1] As part of our research interest to
access new anti-amoebic chemical entities from marine sources we have identified the chemical
classes of indocarbazoles[2] and sesquiterpenoids[3] to treat primary amoebic meningoencephalitis
(PAM), a central nervous system (CNS) disease.
In this work, we aimed to evaluate the effects of laurinterol and debromolaurinterol, two
cyclolaurane-type sesquiterpenes isolated from the red seaweed Laurencia johnstonii[3] by
measuring DNA condensation, damages at mitochondrial level, cell membrane disruption and
production of reactive oxygen species (ROS). Additionally, we have developed a computational
study to establish and compare the pharmacological properties in an in silico ADME/Tox analysis.
The effects of laurinterol and debromolaurinterol to induce PCD/apoptosis-like events in Naegleria
fowleri revealed cyclolaurane metabolites as plausible molecular models to develop PAM
treatments by inhibition of parasite ATPases.
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NLRP3 inflammasome plays a critical role in inflammation-mediated human diseases and
represents a promising drug target for novel anti-inflammatory therapies. Hispanolone is a
labdane diterpene isolated from the aerial parts of Ballota species[1]. This diterpene and some
derivatives have demonstrated to exert anti-inflammatory effects in classical inflammatory
pathways.
In the present study, a series of dehydrohispanolone derivatives (1-19) were synthesized
and their anti-inflammatory activities toward NLRP3 inflammasome activation were evaluated.
The structures of the dehydrohispanolone analogues were elucidated by NMR spectroscopy and
mass spectrometry. Four diterpenes were identified as anti-inflammatory agents able to reduce
IL-1β secretion, being 15 and 18 the most active (IC50 =17.7 and 12.7 µM, respectively). Analysis
of IL-1β and caspase-1 expression revealed that new diterpenes 15 and 18 were selective
inhibitors of NLRP3 inflammasome, reinforcing the anti-inflammatory properties of hispanolone
derivatives[2].
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-
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18
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“Calima” is an atmospheric phenomenon that consists in a haze formed of small particles of sand,
ash, clay, or dust in suspension in the atmosphere. In the Canary Islands, its origin is the Sahara
Desert. This phenomenon causes the transport of trace metals and promotes the fertilization and
growth of phytoplankton species in the North Atlantic, Mediterranean Sea, Gulf of Mexico, and
Caribbean Sea[1]. Therefore, its influence can stimulate the formation of harmful algal blooms
(HAB). Some of these microalgae are producers of secondary metabolites with biological
activity[2]. Due to its proximity to Africa, Canary Islands are constantly affected by Sahara dust.
However, in this area there are few studies of the effects of Sahara dust on phytoplankton. During
February 2020 in Tenerife Island, after an intense “calima” episode, particulate dust was collected,
and an extract was prepared by dissolution and the trace metals profile was analyzed. The growth
rate of the toxics dinoflagellates Amphidinium carterae and Gambierdiscus excentricus was
evaluated in culture with GK and GSe media enriched with Sahara dust extract and soil extract.
During the late exponential phase, dinoflagellates cells were harvested and the concentrated
methanolic extracts were prepared. Afterwards, their chemical profiles, the antiparasitic, antiproliferative and anticholinesterase activities were evaluated. Differences were found in the
concentration of trace metals (Co, Cu, Fe and Mn) in the “calima”. This metal input was
responsible for differences in microalgal growth (cell abundance and growth rate), chemical
profiles and biological activities. Our results suggest that “calima” events may have a positive
effect on growth and metabolite production in potentially harmful benthic dinoflagellate species.
Acknowledgements: Spanish Ministry of Science and Innovation, PID2019-109476RB-C21;
Fundación CajaCanarias–Fundación Bancaria “La Caixa”, 2019SP52; Gobierno de Canarias
(ProID 2020010123); Agustín de Betancourt Program (Cabildo de Tenerife, TFinnova Programme
supported by MEDICAN and FDCAN funds).
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The use of bark from important agroforestry residues (Populus sp.) as a source for valuable
compounds was explored. Extracts were prepared by means of Soxhlet extraction using five
different solvents with increasing polarity order: hexane, dichloromethane, ethyl acetate,
methanol and water. The extracts were subjected to thin layer chromatography (TLC) and flash
column chromatography, and the fractions obtained were characterized by means of gas
chromatography coupled with mass spectrometry (GC-MS).
Different molecules with antioxidant could be isolated in the extracts as well as hydrolyzed
sugars including arabinose and mannose among others. In addition, the total phenolic content
(TPC) was determined by means of the Folin-Ciocalteu method[1] and the antioxidant activity was
determined using the free radical 2,2-Diphenyl-picrylhydrazyl (DPPH)[2]. Excellent correlation was
found between TPC and antioxidant activity.
Overall, extracts obtained from methanol solvent showed the highest phenolic content, as
well as the greatest antioxidant activity.
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The use of macro- and microalgae is becoming increasingly important for human nutrition,
even in Western diets, due to their healthy effects. These are predominantly attributed to algae
composition, including the presence of minor components with interesting biological activities as
glycolipids and their constituent fatty acids. In microalgae, the glycolipids are galactolipids,
namely, monogalactosyldiacylglycerols (MGDG) and digalactosyldiacylglycerols (DGDG),
together with sulfoquinovosildiacylglycerols (SQDG) [1].

In particular, MGDGs and DGDGs are the major constituents of thylakoid membranes
rendering approximately 50 and 30% of chloroplast lipids, respectively, and play an important role
in the maintenance of chloroplast morphology and the response to abiotic stress [2]. Moreover,
MGDGs and DGDGs are characterized by their high content in polyunsaturated fatty acids
(PUFAs), including n-6 PUFAs as linoleic acid and arachidonic acid, and n-3 PUFAs such as linolenic acid, EPA, and DHA. These fatty acids are granted with biological activities and beneficial
health effects, contributing to the balance in the ratio n-3/n-6 fatty acids in human diets [3].
However, despite these important features, the potential of glycolipids remains untapped due to
the difficulty in the application of analytical approaches for their individual characterization and
quantification, especially for SQDGs, and for obtaining them in appropriate quantities and high
purity.
In this work, we carried out a glycolipidomic study of two cultivable EPA-producing
microalgae, Tetraselmis suecica and Chaetoceros gracilis, aimed to define the natural distribution
of their glycolipids and their intact molecular structures. The methodology used include sample
preparation with solid-phase extraction and a sensitive liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS) method with soft ionization procedure for the simultaneous
identification and characterization of these compounds.
References
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Plants?. Front. Plant. Sci. 2018, 9, 126.
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Microalgae in health and disease prevention. Levine, I. A., Fleurence, J. (Eds.), Academic Press,
2018, pp. 109-131.
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Polyphenols of vegetable origin are gaining importance in the recent years because of their
biological properties. Among them, hydroxytyrosol (HT, 3,4-dihydroxyphenyl ethanol) is naturally
present in olive and olive oil and possesses anti-inflammatory, neuroprotective and antitumoral
properties [1, 2]. HT is the only polyphenol in the market that supports a European Food Safety
Authority health claim. However, the bioavailability and stability of HT need to be improved. This
fact could be solved through its glycosylation. Different authors have previously obtained
glycosides of HT [3, 4, 5, 6] at the aliphatic alcohol. Since the phenolic alcohols are responsible
of the antioxidant capacity of this compound, the protection of these groups could enhance its
stability.
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In this work, we report the enzymatic synthesis of two glucosides of HT employing the sucrose
phosphorylase mutant R134A from Thermoanaerobacterium thermosaccharolyticum. The
reaction was performed in aqueous medium at 48 °C. The progress of the reaction, followed by
HPLC, showed the total conversion of HT into its glucosides. The products were purified by silica
gel chromatographic column. The ESI-MS revealed that the purified HT derivative is a
monoglucoside. The NMR showed that there were two monoglucosides: the substituted at 3-OH
and 4-OH positions, in equal proportion.
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New legislation of the European Union have increased demands for biopesticides because
of restrictions in synthetic pesticides [1]. Therefore, the search of new sources of natural
pesticides has recently become a field of increasing interest. Considering that Spain is the fourth
in forest resources of all Europe [2], the revalorization of forest residues – as the large Sabines
woodlands, could be an important potential source of new biopesticides. In this sense, we have
studied Juniperus thurifera and J. phoenicea, harvested from Sierra de Albarracín, in the province
of Teruel, Spain.
The extraction process of bioactive molecules was carried out independently for each plant
part (berries, woods, and leaves). First, the vegetal material was crushed and dried, and then
subjected to hydrodistillation using a Clevenger dispositive. Thus, essential oils were obtained,
along with the corresponding hydrolats. Then, the remaining plant residues were extracted with
solvents (hexane and ethyl acetate) using a Soxhlet apparatus.
Silica gel column chromatography and HPLC of essential oils and extracts, followed by
NMR/GC-MS of the isolated samples allowed the identification of the major molecules of each
sample. These extracts analysis showed different chemical composition from the different species
and smaller changes between leaves, berries, and woods of each species.
Bioactivity tests of the samples against the following pests, the thick Hyalomma
lusitanicum, the fungus Aspergilus niger and the nematode Meloidogyne javanica we performed.
It should be underlined that the essential oil and extracts from the wood of J. thurifera present a
good bioactivity. This activity could be related to their high percentage of α-cedrol, thujopsene,
communic acid, hinokiic acid or widdrol (all sesquiterpenes except communic acid). With
respect to J. phoenicea, the essential oil from berries and the ether and ethyl acetate extracts
from the wood showed anti-tick and antifungus activity. In this case of the essential oil, α-pinene,
cariofilene, α-cedrol, thujopsene and nootkatone are likely the responsible of that
bioactivity. Finally, preliminary tests with the corresponding hydrolates of the essential oils also
showed promising activities, most likely due to the presence of oxygenated monoterpenes these
samples were proven to contain.
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Leishmaniasis and American trypanosomiasis (Chagas disease) are two neglected tropical
diseases (NTDs) causing thousands of deaths worldwide every year, and an emerging health
problem in developed countries. Leishmania species and Trypanosoma cruzi are the parasites
responsible for these diseases. The lack of field-adapted treatments to address these diseases
due to limitations including suboptimal efficacy, drug resistance, adverse effects poses serious
threats to human health, and new therapeutic solutions are required [1,2]. Natural products (NPs)
are unique sources of chemical diversity and have been historically prolific sources of new
bioactive compounds, with many drugs still used today in clinical practice [3]. Microbial NPs are
still today a unique and untapped source for the identification of novel bioactive compounds in
NTDs.
As part of the ongoing partnership of Fundación MEDINA with Institut Pasteur Korea (IPK)
and Drugs for Neglected Diseases Initiative (DNDi) to discover new natural products active
against T. cruzi and L. donovani, MEDINA natural products libraries are being explored in the IPK
phenotypic screening platform against both parasites. MEDINA is a reference center in microbial
NPs research and its unique NPs libraries (200K extracts) represent an underexploited reservoir
of chemical diversity for the discovery of new drugs in NTDs. A subset of 40K microbial extracts
representative of the microbial diversity of MEDINA library was selected for this project. Among
the first 10K microbial extracts screened on intracellular parasite models of T. cruzi and
Leishmania, we have identified 342 positive samples against T. cruzi (3.3%) and 95 positive
samples against Leishmania (0.9%). Active samples were subjected to LC/MS dereplication
against proprietary and public natural products libraries. The most promising hits were prioritized
to proceed with medium scale cultures and subsequent activity confirmation followed by bioassayguided isolation of the active molecules. The new siderophore madurastatin D3 was isolated from
an active hit on T. cruzi following this methodology and produced by the strain of Actinomadura
madurae CA-135719. The planar structure of the new molecule was determined using HRMS,
ESI-qTOF-MS/MS, and 1D and 2D NMR data. Madurastatin D3 was confirmed to be active
against T. cruzi. The presence of an unusual 4-imidazolidinone ring in madurastatin D3 as well
as in madurastatins D1 and D2 detected in acetone extracts prompted to perform a new extraction
of culture broths with methanol and the screening of the rest of congeners of the madurastatin
family to evaluate the activity profile of this structural class. The workflow in the discovery of new
antiparasitic drug candidates, the bioassay- guided isolation, structural characterization and
activity profile of this family of siderophores will be described in this communication.
Acknowledgements. The project leading to these results has received funding from ”la Caixa”
Foundation under the project code HR20-00584
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Microbial natural products (NPs) are one of the most prolific sources for the discovery of novel
leads with still a large number of molecules and analogs today in the clinic. NPs present a unique
chemical space with potency and selectivity being the result of an extended evolutionary
selection. New integrated NPs Drug Discovery approaches are playing a key role in the
identification of new molecules to be developed to fill the microbiome, antibiotics, cancer,
neuroprotection and immunomodulation pipelines.
Metabolomics depend very much on the chemical analyses used to characterize the samples and
the management of these data. To interrogate the information with bio-logical hypotheses,
scientist require a user friendly and manageable way of processing Big Data. Natural Products
Drug Discovery from microorganisms is getting benefit from these techniques for a detailed
evaluation of the changes in chemical diversity that a different treatment can induce in a given
producer strain.
Liquid Chromatography in tandem with Mass Spectrometry (LC/MS) is considered the best costeffective technique to analyze biological samples that contain natural products. Simplify the
complexity of these LC/MS sources in a human friendly way can help with the interrogation of the
information for a correct use of statistics and the test any scientific hypothesis. We describe herein
MASS Studio 2.4.9, a new generation software utility that simplifies LC/MS data in different
possible ways to allow performing metabolomics on large sets of Natural Products samples from
microbial origin in a Drug Discovery environment.
From previous experience in the lab in the designing of software tools and commercial offering of
services on metabolomics from ultraviolet data, we decided to get benefit of the best advantages
of every technique instead of trying to develop a single methodology/solution for the whole
process. In this sense, we decide to use low resolution mass spectroscopy for generating large
sets of data in a fast and robust way and focus on developing a bioinformatics solution that could
produce simplified datasets in a friendly environment for their use in already available commercial
statistics solutions (ie: Microsoft Excel or Applied Maths BioNumerics). Once the metabolites of
interest or trends of interest could we labeled, already available high-resolution mass
spectrometry techniques developed in house would be applied for identifying all the metabolites
of interested.
MASS Studio, a software tool for Mass Spectrometry comparison of Library large sets of samples,
has allowed us to perform multiple uses of metabolomics on microbial Natural Products from
extracts or fractions. It collapses the time dimension during analytical LC-MS runs to simplify their
complexity when comparing hundreds of samples, keeping their high amount of MS information
when compared to LC-UV runs. Therefore, this tool improved the selection of fermentation
conditions for individual microbial strains by quantifying and highlighting clearly the differential
secondary metabolites induced in specific fermentation conditions, for example, during the
selection of growth morphology biomarkers. It also allowed the creation of Purification Charts for
a multidimensional detailed evaluation of a chromatographic fractionation run and allowed the
use of chemical MS information for comparing strains diversity for the identification of species
specific chemotypes.
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Millepora alcicornis, known as fire coral, is an invasive species settled in waters of the
Canary Islands [1]. This hydrocoral biosynthesizes toxins as a main chemical defense
mechanism. Toxicological studies have shown that the venom contained in the nematocysts of
Millepora species is mainly composed of thermolabile proteins that display hemolytic activity,
causing skin irritation and burn-like lesions upon contact. The chromatographic fractionation of
the aqueous extracts of Millepora alcicornis has confirmed the coexistence of two proteins of
different nature responsible for the hemolytic effects of red blood cells through two different
mechanisms. Aside from the already described phospholipase A2 activity (PLA2) [2], the
presence of milleporin, a pore-forming protein (PFP), has been established for the first time. The
hemolytic effects, biological target, and the evolution of the hemolytic damage produced at the
nanoscale have been studied using atomic force microscopy (AFM). The pore-forming protein
responsible for this mechanism, milleporin, has been sequenced and characterized.
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The use of triplet oxygen (3O2) as reagent for olefin autooxidations is a very attractive tool
due to its low-cost and green character.[1] In this communication, we will present the results in the
oxidation of some naturally abundant sesquiterpenoid compounds as -caryophyllene, isocaryophyllene, -humulene, -cedrene, germacrone and 4,5-epoxygermacrone, either directly
with triplet oxygen or by using -caryophyllene hydroperoxides (Scheme 1). These
hydroperoxides were synthesized previously by oxidation of -caryophyllene with singlet oxygen
(1O2).[2]
In order to gain knowledge about the oxidation processes with 3O2, some structural
(torsional angles) and thermodynamical (enthalpies of allylic radicals formation) data were
calculated. Then, a prediction of the mechanism for each sesquiterpene could be rationalized. In
general, compounds possessing a great torsional tension will lead mostly to epoxides (as,
germacrone, -caryophyllene or -humulene) whereas those lacking strain will react giving mainly
hydroperoxides via abstraction of an allylic hydrogen.
The experimental results of 3O2 autooxidations employing different ecofriendly solvents or
without solvents, different temperatures, concentrations, or oxidants will be discussed. Also,
reactions of sesquiterpenes with -caryophyllene hydroperoxides yielding epoxides and allylic
alcohols were also described. This transformation constitutes a two steps oxidation based on
molecular oxygen, in this case in its singlet state, thus- giving valuable mechanistic information.
The importance to obtain epoxide sesquiterpene compounds lies not only in the interest to
find greener alternatives to the standard epoxidation reagents, but also in the increasing
importance of these compounds due mainly to their potent biological properties, including control
pest.[3]

Scheme 1: Summary reactions about strained terpenoids.
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Platensimycin is a potent antibiotic against resistant Gram-positive bacteria, including methicillinresistant Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci (VRE).1 Its novel
mechanism of action and the lack of effective antibiotics against resistant bacteria has justified
previous synthetic efforts, with this compound being one of the most studied antibiotics in the last
decade. Syntheses described to date manage to obtain the target molecule although with a
considerable number of steps and low yields.1,2 For years, various available chiral terpenes (chiral
clustering) have been used in the synthesis of complex natural products.3 Following this area of
research, we envisioned that platensimycin could be synthesized from the kaurane diterpenes
ent-kaurenoic acid extracted from the waste of Helianthus annuus,4 and from grandiflorenic acid
obtained from Stevia lucida.5 Scheme 1 shows the synthetic strategy planned to achieve our
objective.
In this communication we will present the latest advances in the synthesis of platensimycin from
ent-kaurenoic and grandiflorenic acids obtained from the sunflower Helianthus annuus waste and
Stevia lucida plant.

Scheme 1. Work Hypothesis
Acknowledgments. This work is part of the I+D+i project PID2019-106222RB-C32 “Optimización
de Bioproductos: Obtención, Diversidad Molecular y Relaciones Estructura-Actividad” funded by
MCIN/ AEI/10.13039/501100011033/
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The phosphatidylinositol 3-kinase (PI3K) pathway couples receptor-mediated signaling to
essential cellular functions by generating the lipidic second messenger phosphatidylinositol-3,4,5trisphosphate. This pathway is involved in several cellular processes that are critical for cancer
progression (growth, survival, motility and metabolism). The discovery of new inhibitors of the
PI3K pathway represents a great opportunity for the treatment of cancer, with the potential to
reduce cell proliferation and even cause cell death.
A bioactive acetone extract from a culture of the fungus Abortiporus biennis CF-080365,
was selected for further studies after a High Throughput Screening (HTS) bioassay (using the
inhibition of the PI3K pathway in a Saccharomyces cerevisiae model) from 9600 fungal extracts
from the MEDINA Foundation library.
The whole broth of a 2L scaled-up fermentation of the fungus in SMK medium was
extracted twice with methyl ethyl ketone (MEK) and the resulting crude was subjected to bioassayguided fractionation using reversed-phase C-18 chromatography combined with semipreparative
HPLC. As a result of this approach, two novel alkylglucopyrones were isolated and their structures
elucidated by HPLC-HMRS and NMR spectroscopy. Both compounds displayed bioactivity IC50
values in the micromolar range when tested in the bioassay.
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NEW TRI-NOR-EREMOPHILENOLS PRODUCED BY B. cinerea AND ITS
BIOSYNTHETIC RELATIONSHIP WITH THE Bcstc7 GENE
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The ascomycetous fungus Botrytis cinerea is responsible of the crops disease known as
grey mould on a wide variety of commercial crops leading to significant economic lost all over the
world, which infects at least 1400 species[1,2].
Cultivation of the phytopathogenic fungus using sublethal amounts of copper sulfate
yielded a cryptic sesquiterpenoids family, which displayed the basic chemical structure of (+)-4epi-eremophil-9-ene [3,4]. The recent resequencing of the genome of the B05.10 strain using
PacBio technology and the resulting update of the Ensembl Fungi (2017) database in the genome
sequence have been instrumental in identifying a new sesquiterpene cyclase (STC) coding gene
(Bcstc7).
This communication revealed the isolation and structural characterization of (+)-4-epieremophilenol and 11,12,13-tri-nor-eremophilene derivatives isolated from B. cinerea. The study
was conducted by a comparative analysis of the secondary metabolites production of four strains:
two wild-type strains, B05.10 and UCA992, the null and the complemented mutant
compl
ΔBcstc7niaD.
The results obtained allowed to characterize four new compounds with basic eremophilene
skeletons and six new 11,12,13-tri-nor-eremophilene derivatives. This family of metabolites is
reported for the first time in this genus of fungi, and the chemical analysis of null and complement
transformants suggest that STC7 is the principal enzyme responsible for the production of new
compounds with structure of tri-nor-eremophilene derivatives.
References
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Oxidative stress can lead to deleterious effects on cells, tissue damage, and accelerated cell
death[1], which in turn makes this process one of the main mechanism involved in photoaging[2],
as well as pathologies like diabetes mellitus, rheumatoid arthritis, among others[3]. In order to
counteract the effects generated by this oxidative process, great efforts have been made in search
of different antioxidant compounds, especially the use of plant metabolites. Physalis peruviana L.
is a plant belonging to the Solanaceae family native in the Andes region, with the presence of
antioxidant secondary metabolites like phenolic acids, flavonoids, anthocyanins, carotenoids,
among others, in extracts coming from fruits and calyces. This extract composition, which also
contains other metabolites like sucrose esters[4][5] has shown antiinflammatory properties,
antihyperglycemic activity[4], as well as skin-aging activity[5], this last one can be exploited in
cosmetics uses. Considering the potential use in the cosmetic sector, this study aims to evaluate
the antioxidant activity of a yield Physalis peruviana fruit extract to find new applications in
bioactive functional ingredients preparation. In first place, a Placket & Burman model was
developed to determine if certain independent variables or factors of the extraction process had
statistically significant importance on the variable response, the ABTS+ radical inhibition.
Furthermore, in order to evaluate the antioxidant activity, the radical ABTS elimination assay was
carried out in accordance with Re et al (1998)[6] performed with minor modifications. The radical
elimination assay was expressed as ABTS+ radicals inhibition percentage for all the samples.
The samples’ radical eliminatory activity was calibrated with a Trolox standard curve and was
expressed as Trolox equivalent milligrams (mg of TEAC/g of sample). The outcomes for the
analyzed extract show ABTS+ radicals inhibition percentage between 1.6% and 31.0%, which
expressed in Trolox equivalents corresponds to the range 0,069 mg Trolox/g sample y 0,257 mg
Trolox/g sample and even though some differences between the extract process variables were
observed, it was not found that these differences had significant importance. These results
demonstrated that the extracts exhibit an important free radical elimination activity, and the
extraction process variables can be adjusted in terms of yield. The antioxidant activity found in
this study shows the possibility that this extract could be used as raw material in the development
of cosmetics with perspectives as anti-aging agent.
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al. Carbohydr Res. Peruvioses A to F, sucrose esters from the exudate of Physalis peruviana fruit
as α-amylase inhibitors. 2018. 461, 4.
[5] E. Cicchetti, L. Duroure, E. Le Borgne, R. Laville. J Nat Prod. Upregulation of skin-aging
biomarkers in aged NHDF cells by a sucrose ester extract from the agroindustrial waste of
Physalis peruviana calyces. 2018. 81,1946.
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Physalis peruviana L. is a perennial plant from the Solanaceae family, native from the Andean
altitudes of South America. Its edible fruit, known in Colombia as uchuva, and worldwide as
golden berry, has been traditionally used for many medicinal applications due to its potential
anticarcinogenic, antibacterial, and immunomodulatory activities, among other therapeutic uses,
such as treatment of malaria, asthma, hepatitis, edema, and rheumatic issues [1,2]. Its antidiabetic
activity has been also studied over the last years using different in vivo and in vitro models,
including works developed by our research groups[3–6]. Furthermore, it has been evident the
potential of the extracts to inhibit the in vitro activity of some intestinal carbohydrases, related to
carbohydrate absorption and the rising of post-prandial glycemic levels [6], mainly as a response
to compounds called peruvioses [3]. Considering this potential and the knowledge about the active
compounds, this study aims to obtain a new extract optimized in terms of its yield and its in vitro
α-amylase inhibitory activity, as a possible model for antidiabetic agent assessment, using a
Placket & Burman design of experiments to understand the statistical importance of some of the
process variables like temperature, exposition time, fruit/solvent ratio, stirring and batch size. The
performed experiments showed that the main factors that affect the yield and the in vitro activity
of the obtained extracts are related to contact time, fruit-solvent ratio, and temperature. These
findings allowed modifying the extraction method and to obtain an extract with an enhanced in
vitro α-amylase inhibitory activity and an enhanced yield. Additionally, as an attempt to improve
the in vitro biological activity evaluated, some fractionations were performed with different
solvents achieving more extracts with increased activity (more than 5 times related to the raw
extract), especially using ethanol as a solvent. The presence of peruvioses, compounds that could
be considered as responsible for the in vitro α-amylase inhibitory activity according to our previous
research [3], was confirmed in all the extracts obtained by Nuclear Magnetic Resonance (NMR).
The perspectives of this study are to move ahead into the extract characterization and, in the
developing of a novel delivery system with the extract, as a coadjuvant in type-II diabetes
treatment.
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Alkaloids are natural products frequently used for the design and development of drugs.[1,2]
Pyrrolo[2,1-a]isoquinoline derivatives alkaloids are well known and they are used in the traditional
medicine of tropical and subtropical areas.[3,4] One of them, Crispine-A, which was isolated for the
first time in 2002 by Zhao et Al., from extracts of Carduus crispus, has been found to inhibit the
proliferation of human cancer cell lines.[5] Several synthetic strategies have been developed for
its preparation,[6] however, few attention has been paid to the synthesis and analysis of activity of
analogues that present modifications in C ring.
Here we present the synthesis of several oxazolo[2,1-a]isoquinolines starting from 2-(3,4dimethoxi-phenetilamine (1), together with the analysis of their activity against the colorectal
cancer (CCR). The synthesized compounds present an oxazolo ring C instead of the pyrrole
moiety present in Crispine-A. The stereoselectiviy of the reaction and the effect of the Lewis acid
catalyst (triflates of iterbium, gadolinium or copper, among others, and chiral ligands as (R,R)-PhPYBOX y (S,S)-t-Bu-BOX) are also studied.
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Podophyllotoxin is a natural product, belonging to the cyclolignan family, isolated from
different species of Podophyllum that is included in several Pharmacopoeias as antiviral agent.
Its cytotoxic properties were also of interest and several structural changes led to the development
of semisynthetic derivatives such as etoposide, approved as anticancer agent and used in several
chemotherapeutic protocols. Both podophyllotoxin and etoposide have different mechanism of
action. While podophyllotoxin prevents the formation of microtubules through interaction at the
colchicine binding site, etoposide inhibits the activity of the enzyme DNA-topoisomerase II.[1]
These changes in the mechanism of action are related to the chemical modifications performed
on the cyclolignan skeleton, such as epimerization and bulky substituents at position C-7 and
demethylation of the C-4’ methoxyl group.
Our research group has been involved in the chemomodulation of podophyllotoxin for many
years and we were able to get derivatives with very interesting properties as podophyllic aldehyde,
a non-lactonic derivative with improved cytotoxicity and selectivity towards certain tumour cell
lines and with the same mechanism of action as podophyllotoxin.[2] In this communication we
present the preparation of biscyclolignans, as part of a hybrid family that combines in a single
molecule, the structure requirements to target both tubulin and Topo-II.[3] They are formed by two
cyclolignan fragments, one derived from podophyllic aldehyde as tubulin polymerization inhibitor
(fragment I) and the other from epipodophyllotoxin as Topo-II inhibitor (fragment II).

Podophyllotoxin is the starting material for both fragments. It is isolated from commercially
available podophyllin resin by an optimized chromatographic procedure and then transformed
into the fragments that are connected through different linkers. Their synthesis and cytotoxicity
evaluation will be presented and discussed in this communication.
Acknowledgments: Financial support came from MICINN (PID2020-118303GB-I00) and Junta
de Castilla y León, co-financed by Fondo Social Europeo (SA076P20).
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Abstract:
Dittrichia viscosa, popularly called “olivarda”, is a woody plant distributed throughout the
Mediterranean area that has been used in traditional medicine because of its antipyretic, antiinflammatory, and anthelminthic properties [1]. These properties, among others, explain why the
chemical components of the aerial parts of this species have been extensively studied [1] [2] [3],
However, few references focused on the composition of the plant roots can be found in the
literature [4]. In this communication, we will show the results of a study on chemical components
of the roots of Dittrichia viscosa recollected in Granada in 2017.
The roots were crushed and extracted under reflux using a Soxhlet apparatus and
solvents of different polarity. Three sesquiterpenes (1-3) not previously reported (Figure 1) were
isolated from tert-butyl methyl ether extract, along with some known compounds.

Figure 1. Some molecules found in the roots of Dittrichia viscosa.
The activity of the isolated compounds has been tested against some animals pests like
nematodes, aphids or ticks. Some promising results have been obtained.
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Siderophores are small high-affinity ferric iron chelators that bacteria secrete into the media
to scavenge iron and they are considered very important virulence factors.[1]
In 2012, we reported the isolation and characterization of piscibactin (Pcb, 1) as the
siderophore responsible for iron uptake in the Gram-negative bacterium Photobacterium
damselae subsp. piscicida which is the aetiological agent of the infectious disease
photobacteriosis in diverse cultured fish such as sea bream and sea bass. [2] Recently, we have
found not only that Pcb (1) is also produced by several species of the Vibrio genus, but also that
it contributes to the virulence of V. anguillarum, responsible of vibriosis, more than the siderophore
vanchrobactin.[3]
In this communication, we wish to present the stereoselective total synthesis of Pcb (1)[4]
along with the preparation of several Pcb-thiazole analogues with different configurations at
positions 10 and 13. A convergent synthesis was employed for the synthesis of these compounds
through the condensation of A with B or D fragments using the retrosynthetic analysis shown in
Figure 1.

Figure 1
The evaluation of the siderophore activity of the Pcb analogues allowed us to determine
some key structural requirements for this type of compounds to be active. Since siderophores are
critical for the growth and virulence of the producer pathogens, the bacterial iron acquisition
systems are promising targets for the design of new antimicrobial strategies.
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The arid zone located in the south of the Iberian Peninsula is distinguished by its dry and
warm climate, as well as its saline and gypsum soils. These unique environmental conditions can
only be colonized by highly specialized organisms. In this sense, this hotspot constitutes a good
starting point for the hunt of new compounds with agro-food interest.
In order to isolate and identify novel bioactive metabolites, we explored the antifungal
activity of extracts from soil-associated bacteria. One of the most promising strains was CA297274, a Streptomyces strain isolated from the arid region of Escúzar (Granada, Spain). Acetone
extracts of a culture broth of this strain showed potent inhibitory activity against the wheat
phytopathogen Zymoseptoria tritici.
After bioassay-guided fractionation, the four most active fractions were found in the less
polar zone of the chromatogram. These fractions were analyzed by HPLC-HRMS and their main
peaks were associated with m/z and molecular formulae value, not showing matches in the main
data bases of natural products.
The isolation and NMR analysis of these metabolites determined them to be four novel
cyclic lipopeptides included in the family of the glycinocins[1]. In general, these bacterial peptides
are characterized for their cyclic structure of nine amino acids linked via a 2,3-diaminopropionic
acid (Dap) residue with an aspartic acid unit which is connected to a fatty acid moiety. During our
study, the structure of the compounds was established by HRMS and NMR analysis and their
absolute configuration was determined by Marfey´s analysis. The cytotoxicity of these four novel
pure compounds and their antibiotic activity will also be presented in this communication.
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As part of a study on medicinal and/or aromatic plants from southern Spain and northern
Morocco carried out by Barrero et al., it was described the isolation and elucidation of new
longipinenes found in the aerial parts of Santolina viscosa Lag. (Compositae).[1] Structurally, these
compounds share a sesquiterpene rigid skeleton with a highly stressed four-carbon ring. This
attractive system motivated us to choose these molecules as precursors in our study to obtain a
variety of new structures via carbocation rearrangements or other straightforward transformations
of the natural feedstock. In addition, it is intended to study the biocidal potential associated with
the molecules obtained.
Santolina viscosa was collected in Las Yeserías (Almería, Spain) in July 2020. A previous
treatment of the hexane extract allowed the fractionation of compounds. From the acidified
fraction, we achieved three major longipinane acid derivated as methyl esters and, from the basic
fraction, four major compounds were isolated with longipinene structure. These compounds were
treated with different Lewis acids [2] and heterogeneous catalysts, and a series of structural
rearrangements in the longipinane skeleton were observed (Figure 1):
1. The migration of the double bond in the sesquiterpene tricyclic system.
2. A rearranged tricyclic lactone, formed by attack of the acyl group on the carbocation at position
1.
3. A rearranged tetracyclic lactone, formed by attack of the acyl group on the carbocation at
position 2.
4. A rearranged tricyclic oxepane formed by attack of the hydroxyl group on the carbocation at
position 1.
5. A rearranged tetracyclic tetrahydrofuran formed by attack of the hydroxyl group on the
carbocation at position 2.

Santolina viscosa

Figure 1. Transformations of longipinane skeleton of compounds from Santolina viscosa.
A) and C) Lewis acids and heterogeneous catalysts. B) m-chloroperbenzoic acid (mCPBA).
On the other hand, natural longipinenes were treated with mCPBA to achieve the
corresponding epoxides. Opening epoxide was treated with the same reagents mentioned above,
and gaving rearrangement with afforded a new bicyclic aldehyde as the more stable molecule
(Figure 1). A study of biocide activity of the extracts and the compounds obtained of Santolina
viscosa is currently in process. The most recent results show us that he esterified acid extract
presents insecticidal activity against Spodoptera littoralis, Myzus persicae and Rhopalosiphum
padi.
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MARINE-DERIVED Streptomyces chumphonensis USING THE OSMAC
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Cádiz, 11510, Puerto Real, Cádiz, Spain
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The oceans cover almost 70% of the earth's surface and are home to great ecological, biological
and chemical diversity [1]. Due to the extreme conditions that can occur in the marine habitat, such
as high and low temperature environments, high salinity and high pressures, marine organisms
can produce a wide variety of novel molecules that exhibit great diversity and unique structural
and functional characteristics, which differ from compounds derived from terrestrial organisms [2].
Marine organisms represent a unique opportunity to discover new bioactive compounds with great
potential in the pharmaceutical, food, nutraceutical or cosmetic industries [3]. However, the marine
habitat has not yet been explored in depth. It is estimated that, despite more than two centuries
of taxonomic classification and more than 1.2 million catalogued species, about 91% of marine
species have not yet been described [4].
In this study, the secondary metabolism of the marine actinomycete Streptomyces
chumphonensis, isolated from sediment samples collected from an intertidal gradient in the Bay
of Cádiz, has been studied as a possible source of new compounds with pharmacological activity.
For this purpose, following the OSMAC (One Strain Many Compounds) approach, the
microorganism was cultured using different culture conditions, such as the composition of the
culture medium, aeration, type of culture flask, incubation time, etc. The extracts obtained were
analyzed by TLC and HPLC-DAD. A comparative study of metabolomic profiles identified optimal
culture conditions for increasing the metabolite diversity of S. chumphonensis. Based on this
information, the solid medium ISP2 was selected for a large-scale fermentation of
S. chumphonensis.
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Eutypa lata through OSMAC approach
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Eutypa lata is a phytopathogenic fungus responsible in various agricultural crops for a disease
commonly called "eutypa dieback" or "eutypiosis".[1] It causes significant economic losses
worldwide since its mechanism of internal infection adds great difficulty to its control.[2] This
justifies the need for a complete study of the fungus metabolism aiming to elucidate the details of
its infection mechanism, consequently learning how to control it.
For that reason, many research groups have contributed to shed light on this problem by studying
the secondary metabolism of E. lata. Toxins and detoxification products have been continuously
isolated and identified from cultures of different strains of the fungus under various growth
conditions.[3]
With the same purpose, this work seeks to provide a different approach to this study applying the
OSMAC (One Strain, Many Compounds) approach.[4] This consists in the use of diverse culture
media and conditions aiming to enhance the cryptic metabolites production of the fungus.
Six-week fermentations of Malt Yeast Broth (MYB) and Potato Dextrose Broth (PDB) media under
both static and shaken conditions, as well as four weeks fermentations of Malt Yeast Agar (MYA)
and Potato Dextrose Agar (PDA), were studied. After the fermentation time, culture media were
extracted with ethyl acetate. The organic extracts obtained were fractionated by column
chromatography (CC) and the most interesting fractions were purified by high-efficiency liquid
chromatography (HPLC).
PDB and solid media growth conditions have shown to be the most interesting in this study. Two
compounds not previously reported in E. lata cultures were isolated from PDB static fractions (1,
2)
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Aeromonas salmonicida subsp salmonicida is a marine pathogenic bacterium
responsible for furunculosis, an infection that affects a wide variety of fish species.[1] The great
mortality caused by infections of this bacterium and the increase in resistance to common
antibiotics have caused serious economic losses in the aquaculture sector.[2]
One of the most widespread mechanisms to obtain iron from the host in both Grampositive and -negative bacteria is the production of siderophores.[3] A. salmonicida produces two
types of siderophores, acinetobactin and amonabactins.[4] Conjugation of a fluorophore such as
rhodamine with a siderophore permits detection of bacteria in the medium.[5]
The objective of this work is the preparation of fluorescent probes based on the
siderophore amonabactin and differing in the linker, to be tested in zebrafish infected with A.
salmonicida to visualize which organs are affected.
We will present the synthesis of two fluorescent probes AMB-SRB (AMonoBactinSulfoRhodamine B) (1 and 2) using two different approaches. A click reaction between a
maleimide-SRB building block and a thiolated amonabactin analog (AMB-thiol) will be used in the
synthesis of 1.[6] [7] A different approach will be addressed to obtain probe 2: the fragment with the
fluorophore will be coupled with the chloride of sulforhodamine B and the amine AMB-NH-PEG2NH2 prepared from a commercially available spacer. All the structures of these compounds will
be characterized by NMR and MS.
Zebrafish models along with fluorescence microscopy will be used to visualize which
organs are affected by the synthetic probes 1 and 2. This study opens the possibility of developing
new antimicrobials against A. salmonicida subsp. salmonicida taking advantage of this iron
uptake pathway.
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Zoanthamine, isolated from colonial zoanthid Zoanthus sp., was identified as the first
member of a new family of alkaloids with an original skeleton. The zoanthamine-alkaloids have
attracted much attention due to their uniqueness in some species of Zoanthus and their
unprecedented chemical architecture embedded with promising pharmacological potential.
Several zoanthamine analogues were isolated from various species of zoantharian and other nonzoantharian invertebrates. Despite their history of more than 35 years, relatively little is known
about the biosynthesis of this family of alkaloids, including the role that symbiotic dinoflagellate
algae, commonly contained in zoanthids, possess in the secondary metabolism.[1] Marine
invertebrates frequently host diverse microbial communities. These symbiotic organisms very
often may be involved in the metabolic complementation/handoffs of small molecules that may
become building blocks for the resulting metabolites, that likely leads to an enhanced natural
product diversity.[2] This study intends to provide our contribution to the research on this still
unanswered matter of debate: the real biosynthetic origin of zoanthamine alkaloids. Here, for the
first time, we report on the isolation of zoanthamine and norzoanthamine alkaloids from symbiotic
dinoflagellates isolated from the zoanthid Z. pulchellus. This finding shed light on the algal
involvement in the biosynthesis of these alkaloids.
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Neurodegenerative or cerebrovascular injuries, such as Alzheimer's disease, cause
disorders of the central nervous system. These traumas produce irreversible brain damage that
remains untreated. It has been shown that phorbol-derived and ingol-type diterpenes (Figure 1),
such as 12-deoxyphorbol-13-acetate (Prostratin, 1), 12-deoxyphorbol 13-isobutyrate (DPB, 2),
phorbol 12,13-di-isobutyrate (3) or 12-desoxy-16-hydroxyphorbol 13-phenylacetate-16isobutyrate (4), and 3,12-di-O-acetyl-8-O-tigloilingol (5) or 3,8,12-tri-O-acetyl-7-O-(4methoxyphenyl)acetylingol (6), induce adult neural progenitor cell proliferation and neuroblast
differentiation via PKC activation.[1,2] Therefore, they are postulated as good candidates to
produce potent pharmacological drugs that promote neurogenesis and facilitate functional repair
of damaged brain tissue.
These compounds are found in plants of the Euphorbia genus but in small amounts forming
part of a complex mixture. Their isolation using conventional repeated column chromatography
and semi-preparative or preparative HPLC is time-consuming and laborious. To simplify the
identification and purification process is very convenient to develop an efficient recognition and
target-guided isolation method.
This communication describes the development of an analytic methodology based on
UHPLC-HRMS analysis, to identify the occurrence of Euphorbia diterpenes in a complex mixture
and its application to the analysis of E. resinifera latex extract.

Figure 1. Phorbol-derived and ingol-type diterpenes.
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Álvarez García, Jonathan, PP-519

Ameloot, Rob, S16-FP02

Álvarez Guerra, Manuel, PP-832

Amesty, Ángel, PP-846

Álvarez Gutiérrez, Daniel, PP-311, PP-706

Ammazzalorso, Alessandra, S1-FP35

Álvarez Lloret, Pedro Domingo, PP-680

Amo Ochoa, Pilar, S7-FP23

Alvarez Malmagro, Julia, S9-OC07

Amorín López, Manuel, S11-OC07, S7FP11,PP-551, PP-636

Álvarez Manzaneda, Juan De Vicente, PP667

Amoza, Martín, PP-767

Álvarez Márquez, Manuel, PP-357

Amutio, Maider, PP-826, PP-829

Álvarez Miguel, Lucía, PP-061, PP-083

Anaya, Miguel, S16-FP10

Álvarez Pérez, Berta, PP-741

Anderson, Harry L., S13-FP03, PP-770

Álvarez Pez, José María, S7-FP16
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Andrada, Diego M., S6-FP10, PP-435

Aragó, Juan, S13-OC10, PP-550

Andréasson, Joakim, S8-OC02

Aragó March, Juan, S11-FP04

Andreo, Jacopo, PP-218, PP-268

Aragón Artigas, Jordi, S6-FP17

Andreoni, Leonardo, S8-FP03

Aramendía, Maite, S9-OC03

Andrés, Juan, PP-042

Arán Ais, Rosa M., PP-416

Andrés, Miguel V., PP-695

Aranburu Leiva, Ane Izaskun, PP-317, PP322, PP-442

Andres-Garcia, Eduardo, S10-OC01, S14FP26,PP-497

Aranda, Daniel, PP-485, PP-550

Andrés García, José María, S1-FP26

Aranda, Pilar, PP-592

Andres Yeves, Maria Fe, PP-837

Arandes Esteban, José María, S14-FP23, PP802

Andreu, I., PP-660

Arauzo Pérez, Jesús, PP-784

Andreu Olaria, Jose Juan, PP-590

Arberas Jiménez, Iñigo, PP-845

Andreu Ros, Inmaculada, S7-OC19, PP-609,
PP-627, PP-628

Arcas, Ramón, PP-062

Andreu Ros, María Inmaculada, PP-623

Ardá, Ana, S7-OC14

Andrian, Teodora, PP-132

Ardakani, Mahmoud, PP-389

Angelastro, Antonio, PP-607

Ardevines Asín, Sandra, PP-334

Anglaret, Eric, PP-702

Arduini, Arturo, S8-FP03

Angosto, José M., PP-810

Arellano, Luis M., S13-OC01

Angulo, Jesus, S7-OC21, PP-639

Arenal, Raul, PP-708

Aniceto Ocaña, Paula, PP-003, PP-073

Arenas Esteban, Daniel, S16-OC01

Ansino, Matilde, PP-584

Arenas Vivo, Ana, S16-OC08

Antiñolo García, Antonio Fermín, PP-032,
PP-463

Arenillas De La Puente, Ana, S3-OC16

Antiñolo Navas, María, PP-816

Arévalo Pérez, Beatriz, PP-151, PP-162, PP173

Antón Cánovas, Teresa, S1-FP34

Argibay Otero, Saray, PP-502

Antonio, José, S15-IL01

Arias, Sandra, PP-751

Anđelković, Milorad, S5-FP09

Arias Escanciano, Itziar, S14-FP19

Aparicio, Borja, PP-317, PP-322, PP-442

Arima, Hironari, PP-524

Aparicio, Carlos, PP-821

Armand, Michel, S3-FP15

Aparicio Hernández, Fátima, PP-557

Armani-Calligaris, Giacomo, S16-OC15

Aparicio Muriana, M. Del Mar, PP-135

Armengol-Relats, Helena, S1-OC14, PP-307

Aragay, Gemma, PP-569

Armentano, Donatella, S16-IL04, PP-206,
PP-259, S16-FP09
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Armiñan, Ana, S7-FP13

Atienzar, Pedro, PP-255, PP-419

Arosio, Daniele, PP-119

Atiénzar Corvillo, Pedro, PP-746

Aroyo, Mois Ilia, S10-OC08

Augustyniak, Adam W., PP-219, PP-233

Arozamena, Eduardo, PP-223

Aullón López, Gabriel, PP-103, PP-113, PP754

Arpa González, Enrique M., PP-111

Auria Luna, Fernando, PP-317, PP-322, PP337, PP-442

Arqueros, Cristina, PP-234
Arranz De La Calle, Isabel, PP-313

Autor Luquin, Elsa, PP-848

Arregi, Aitor, PP-826, PP-829

Avalos Belmontes, Felipe, S3-OC22

Arribas Domingo, Andrés, S1-FP12

Avella, Manuel, PP-719

Arrieta, Ana, PP-286

Avella Oliver, Miquel, PP-695

Arroba, Ana, S7-FP17
Arroyo, Pau, PP-128, PP-130

Avenoza Aznar, Alberto, PP-599, PP-645,
PP-652

Arroyo Bondía, Ana, S1-FP24

Avila, Elena, S16-FP10

Arroyo Manzanares, Natalia, PP-149, PP172, PP-176, PP-183

Ávila Brande, David, S16-OC15, PP-396
Avila Ortega, Alejandro, PP-229

Arruebo Gordo, Manuel, PP-696

Ávila-Bolívar, Beatriz, S3-OC18

Arsenyan, Pavel, PP-719

Axet, M. Rosa, S6-OC15, PP-039

Arsuaga Ferreras, Jesús María, PP-092

Ayala Díaz, Juan Heliodoro, PP-490

Artero, Vincent, S02-IL02, S2-FP07

Aygun, Mehtap, S3-FP19

Artetxe, Beñat, PP-235, PP-568

Azcoaga, Leire Celaya, PP-213

Artetxe, Maite, PP-789, PP-803

Azzali, Alessandra, PP-508

Artiaga, Ramón, PP-475, S3-FP03

Azzan, Hassan, PP-389

Artiaga Ayuso, Gema, PP-170
Asad, Karam, PP-540
Asencio Cegarra, Isaac, S14-FP31, PP-402
Asensio, Gregorio, S1-OC09, PP-277

B

Asensio, Juan Manuel, PP-540

Baas, Sander, S15-OC10

Asensio Rivas, María, PP-816

Baciu, Bianca Catalina, PP-761

Ashmus, Roger, S7-FP09

Badía, Adrian, PP-454

Assebban, Mhamed, PP-709

Badía Domínguez, Irene, PP-526, PP-759

Ateka Bilbao, Ainara, PP-788, PP-790, S14FP28

Badir, Shorouk O., PP-375
Badosa Romañó, Esther, S7-OC22

Athanassiou, Athanassia, S14-FP20

Baena Alonso, María Jesús, PP-539
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Baena Aristizábal, Yolima, PP-859, PP-860

Barbero Pérez, Asunción, S1-OC02, PP-374,
PP-381

Baeza, Alejandro, S1-FP46

Barcenilla, María, PP-535

Baeza, Jose Alberto, S14-FP06

Barciela Alonso, Maria Carmen, PP-193

Baeza Caracena, Antonia, PP-823

Bardají Luna, Manuel, PP-539

Baeza Herrera, Jose Alberto, S14-FP22
Baglioni, Piero, S5-FP19

Barderas Manchado, Rodrigo, S9-OC05, PP151, PP-154, PP-173

Bailón García, Esther, S16-OC13, PP-232,
PP-241, PP-263, S16-FP13, S16-FP14, S16FP15

Barea Martínez, Elisa M., S7-FP22, PP-221,
PP-250, PP-252
Barqueros, Cristina, PP-840

Baker, James R., S7-FP10

Barquín Díez, Carmen, PP-820

Balado, Miguel, S15-OC03, PP-864, PP-870

Barrabés, Noelia, S2-FP03

Baldino, Lucia, PP-827

Barranco, Sergio, PP-346

Baldoví, José J., S13-OC04
Ballester, Pablo, S11-IL01, PP-525, PP-569

Barranco López, Ana María, S16-FP13, PP263

Ballesteros Gimeno, Alfredo, S1-FP19, PP378

Barras García, Inés, S14-FP32
Barravecchia, Liliana, PP-513

Ballesteros Olmo, Antonio, PP-601, PP-850

Barreiro Piñeiro, Natalia, PP-621

Ballesteros Plata, Daniel, PP-041

Barrejon, Myriam, S13-OC01

Ballesteros Ruiz, Bernabé, PP-110

Barrena, Daniel, PP-115

Ballesteros Soberanas, Jordi, PP-068

Barriendos Pérez, Irati, PP-429, PP-436

Balocco, Simone, S5-FP21

Barrio, Pablo, PP-358

Bals, Sara, S16-OC01, PP-722

Barrios González, Daniel, S3-OC06

Bañales, Jesús, S5-FP25

Barth, Nicole, S8-OC06

Bandosz, Teresa J., PP-723

Bartolomé Díaz, Manuel, PP-203

Baños-Jaime, Blanca, S07-IL05

Basabe, Lourdes, S9-OC04

Bansal, Vipul, S12-FP02

Basallote, Manuel G., PP-019, PP-042

Bañuls, María-José, S9-FP02, PP-120, PP141

Bascuas Jiménez De Bagüés, Isabel, PP-285

Bañuls Polo, María José, PP-165

Bassan, Elena, PP-024, PP-074

Baran, P. S., S7-OC10

Bassu, Gavino, S5-FP19

Barawi Morán, Mariam, S3-OC01, S13FP15, S3-FP08, S3-FP12, PP-014, PP-404

Bastida, Ágatha, S7-FP23
Bastida, Josefa, PP-840

Barbeira Arán, Sergio, PP-300

Battaglia, Federica, S09-IL04
Baúlde, Sandra, S7-OC06, PP-102
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Baúlde Álvarez, Sandra, PP-736

Benedé, Sara, PP-162, PP-184

Baumann, Kevin N., S12-OC07

Benhamú, Bellinda, PP-586

Bautista Cerezo, Delia, PP-451, PP-548

Benítez De La Torre, Almudena, S3-OC23,
S14-FP14, S3-FP18, PP-392, PP-787

Bautista Hernández, Rocio, PP-327, PP-647

Benítez Cruz, G., PP-865

Bauzá, Antonio, PP-537

Benítez Jiménez, José Jesús, S14-FP02, S14FP20

Bauzà Manzanares, Marta, PP-212, PP-244,
PP-253

Benitez-Martin, Carlos, S8-OC02, S8-FP01

Baya García, Miguel, S6-OC02

Benito, Ana M., PP-174

Bayón, Alfonso, S07-IL01

Benito Hernández, Juan Manuel, PP-605

Bayón Fernández, Alfonso, PP-636

Benito Peña, Elena, PP-163

Bazo, Antonio, S9-OC03

Benito-Peño, Elena, S09-IL01

Bdiri, Bilel, S11-IL03

Bennett, Thomas, PP-495

Beaton Garcia, Alexander Forbes, S6-FP06

Bennett, Thomas D., S10-OC02

Beceiro, Alejandro, PP-839

Beobide, Garikoitz, PP-568

Bech Holde, Freja, S2-FP08

Beobide Pacheco, Garikoitz, PP-269, S16FP06

Béché, Armand, S16-OC01
Bedia, Jorge, S14-FP01

Berbés Martínez, Roberto, PP-460

Belabbes, Asmaa, PP-359

Berenguer, Jesús Rubén, PP-465, PP-676

Belda Arroyo, Leland, PP-296
Belderrain, Tomás, PP-471

Berenguer Marín, Jesús Rubén, S6-FP19,
S8-FP05

Bellido, Marina, PP-376

Bergamini, Giacomo, PP-074

Bello, Tamara, S1-OC01

Berger, Jan, PP-744

Bello García, Jesús, PP-011

Bergueiro, Julián, PP-751, S11-FP01

Belmonte Reche, Efres, S7-OC11

Bermejo López, Alejandro, S14-FP27, PP777, PP-812

Beloqui, Ana, S7-OC08, PP-587, PP-637,
PP-664, S12-FP05

Bermejo Barrera, Pilar, PP-188, PP-193
Bermejo González, Francisco Alberto, PP328

Belov, Dmitry S., S6-OC10
Beltrán Mir, Héctor, PP-493

Bermejo Román, Ruperto, PP-593

Belver, Carolina, S14-FP01
Ben Mbarek, Wael, PP-401

Bermúdez García, Juan Manuel, S3-FP03,
PP-475, PP-478

Benassi, Enrico, PP-419

Berna, Jose, PP-570

Benavides Pasachoa, Diana Marcela, PP794

Berná Cánovas, José, PP-530
Bernal Del Nozal, José, S4-OC06
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Bernardes, Gonçalo, PP-645

Blair, Jessica M. A., S12-FP08

Bernardo Bermejo, Samuel, PP-190

Blanc, Christophe, PP-702

Bernardo González, Olaya, PP-370

Blanchard, Nicolas, S01-IL06

Bernardo-Seisdedos, Ganeko, S7-FP24, S7OC16, PP-633

Blanco, Ester, S1-OC01

Bernat Quesada, Francisco, PP-038

Blanco, Victor, PP-545, PP-565, PP-711,
S11-FP02

Bernechea, María, S3-FP16

Blanco Elices, Cristina, PP-681

Bernechea Navarro, María, PP-747, S3FP24

Blanco Gil, Elías, PP-196
Blanco Gómez, Arturo, PP-554

Berthet, Nathalie, S7-OC07

Blanco Molina, June, S3-FP15

Bertrams, Maria-Sophie, PP-319

Blanco Suárez, Victor, PP-573, S13-FP13

Bertuzzi, Sara, S5-FP14

Blas, Carlota, PP-458

Besalú Sala, Pau, S5-FP03, PP-033

Blasco Pascual, Isabel, PP-150

Besbes, Neji, PP-782

Blay, Gonzalo, S1-OC18, PP-282, PP-299

Bescós Ramo, Sara, PP-672

Blay Llinares, Gonzalo, PP-332

Besora, Maria, S6-OC11, PP-043, S5-FP01,
S5-FP18

Blazquez, Samuel, S5-FP20
Blázquez García, Marina, PP-162, PP-173

Besora Bonet, Maria, PP-428

Blázquez González, Sergio, PP-805

Besteiro Sáez, Javier, PP-715

Blázquez Moreno, Jesús Manuel, S3-FP18

Bhak, Ghibom, PP-671

Blázquez Ruiz, Manuel, S13-FP04

Bianco, Valentino, S5-FP17

Blesa Moreno, María Jesús, S3-OC06

Bigini, Paolo, S12-FP03

Blieck, Rémi, PP-306

Biglione, Catalina, PP-242

Bocanegra Rojo, Rebeca, S11-FP06

Bilbao, Javier, S14-FP12

Bódalo Santoyo, Antonio, PP-774

Bilbao, Jon, S7-OC16

Boehm, Philip, S6-FP04

Bilbao, Rafael, PP-800

Boens, Noёl, PP-133

Bilbao Blasco, Iraitz, PP-314

Bofill, Roger,

Bilbao Elorriaga, Javier, PP-788

Bofill Arasa, Roger, S2-FP05, S3-OC19

Billacura, Maria Distressa G., PP-048

Bogani, Lapo, PP-770

Bimbela Serrano, Fernando, PP-848

Bohn, Antoine, S6-OC07

Biniecka, Paulina, PP-644

Bohndiek, Sarah E., S12-OC07

Bissig, Raphael, S06-IL01

Bohoyo Gil, Diego, S3-FP11

Blackmond, D. G., S7-OC10

Boix Montesinos, Paz, S7-FP13
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Boix Pérez, Raúl, PP-747

Boy Ruiz, Daniel, PP-446

Bolívar, Juan Manuel, PP-782

Boya Del Teso, Irene, PP-044, PP-575, PP611, PP-649, S7-FP14

Bonardd Salvador, Sebastián, PP-706

Bozal-Ginesta, Carlota, S6-FP28

Bonastre Álvarez, José María, PP-766

Brabec, Christoph J., S03-IL03

Bonaterra Carreras, Anna, S7-OC22

Bradley, Mark, S7-OC18

Bonet Aleta, Javier, PP-688, S12-FP04

Bradshaw, Ben, S1-OC07, PP-279, PP-373

Bonilla Toledano, Álvaro, S3-OC23

Brandariz, Isabel, PP-634

Bonjoch Sesé, Josep, S1-OC07, PP-279, PP369, PP-373

Brandariz Lendoiro, Isabel, S7-OC04

Bonnard Salvador, Sebastian, PP-504

Brandell, Daniel, S3-OC24

Borderie, Arnaud, PP-681

Brandmeier, Julian C., S09-IL01

Bordoni, Silvia, S6-FP16

Bravo, Isaac, PP-682

Borges-González, Jorge, PP-070

Bravo, Iván, PP-121

Borodin, Oleg, PP-540

Bravo Pérez, Iván, PP-556, PP-686, S8-FP14

Borrego Algarra, María, PP-811

Bravo Yagüe, Juan Carlos, PP-487

Borrego Blanco, Elena, PP-289

Brea Fernández, Roberto Javier, PP-515

Borrego Marín, Emilio, PP-221, PP-252

Brennan, Kevin, S2-FP04

Borrell Recasens, Margarida, S2-FP01

Bresolí-Obach, Roger, S8-OC04

Bosch Cartes, Joan, S1-OC13, PP-302, PP340, PP-350, PP-836, S1-FP31

Bretón, Carmen, PP-648
Briñas, Elena, PP-755

Boselli, Luca, S12-FP03

Bringas, Eugenio, S14-FP03

Bosque Martínez, Irene, PP-096, S1-FP10

Briones Gil, Laura, S14-FP32

Botta, Mauro, PP-634

Brites, Carlos D.s., S12-FP06

Bottari, Giovanni, S13-OC13, PP-743, PP760

Brito Alayón, Nélida Emilia, S15-OC01
Bronk, Pawel Jaroslaw, PP-761

Botubol Ares, José Manuel, PP-446

Broto Ribas, Anna, S16-OC05

Bou Iserte, Lledó, PP-331, PP-578

Brotons, Artur, S6-FP01

Bou Plaza, Gemma, PP-578

Brouard, Ignacio, PP-622

Boughbina Portolés, Aaron, PP-139, PP-142

Bru, Gerard, PP-274

Boussetta, Nadia, PP-164

Bruna, Lauriane, S6-OC15

Boutonnet, Marin, S8-FP13

Bruno, Rosaria, PP-206, S16-FP09

Boutureira Martín, Omar, PP-285

Bruzzone, Santina, PP-644

Bouzada Reboredo, David, S7-OC17, PP102

Buaki Sogó, Mireia, S3-FP02
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Buedenbender, Larissa, S15-OC03

Caballero, Ana, S6-FP18

Bueno López, Agustín, S16-OC13, PP-232,
S16-FP14

Caballero, Gema, PP-325
Caballero Amores, Álvaro, S3-OC23, PP787, S14-FP14, S3-FP18

Bujalance Fernández, Javier, PP-197
Bujosa Vidal, Sergi, S11-FP04, PP-552, PP567

Caballero Bevia, Ana, PP-289

Bukhryakov, Konstantin V., S6-OC10

Caballero Espinosa, María Del Prado, S6FP20

Bulach, Véronique, PP-228

Caballero Hernández, Ana Belén, S7-OC09

Buñuel, Elena, PP-324

Caballero Pérez, Antonio, PP-547, PP-566

Buñuel Magdalena, Elena, PP-325

Cabanillas-Gonzalez, Juan, S10-FP01, S13FP11, PP-239

Buonsanti, Raffaella, S02-IL04

Cabeza Pulido, María Camila, PP-859

Burel Vandenbos, Fanny, PP-681

Cabezon Vizoso, Alfonso, S5-FP10

Burg, Thomas, PP-218

Cabo Palacios, Diego Alexandre, S6-FP02

Burlingham, Sarah Jayne, PP-022

Cabré, Albert, S1-FP22

Burrows, Cynthia, PL7

Cabrera, Gustavo, PP-425

Burzurí, Enrique, S13-OC02, PP-258, PP704, S16-FP11

Cabrera Afonso, María Jesús, PP-375

Burzurí Linares, Enrique, PP-733

Cabrera Gómez, Nuria, PP-583

Busqué, Félix, PP-690, S8-FP10

Cabrera González, Justo, PP-684, S13-FP05

Busqué Sánchez, Félix, PP-589, PP-598

Cabrera Herranz, Silvia, PP-382

Busquets Hernández, Carla, PP-656

Cabrera Reyes, Paula, S14-FP13

Busto, Natalia, PP-754

Cabrera Trujillo, Jorge Juan, S5-FP02

Busto Sancirián, Jesús Héctor, PP-599, PP645, PP-652

Cabrero Antonino, María, S3-OC09, S16FP01

Busto Vazquez, Natalia, S13-OC06

Caffa, Irene, PP-644

Butler, Patrick, PP-510

Calahorra Rio, Luis, PP-560

Byun, Sooyoung, PP-852

Calbo Roig, Joaquín, S10-OC01, S13-OC10,
PP-215, PP-553
Calbó Zabala, Arnau, S1-OC13
Caldenty, Xisco, S6-OC11

C

Calderon, Marcelo, PP-701, S12-FP05

Caamaño, Katia, S16-OC10

Calderón Celis, Francisco, PP-136, PP-153

Cabal Naves, Maria Paz, S1-FP42, PP-357

Calderón Montaño, José Manuel, PP-424

Cabaleiro, Santiago, PP-193

Calero, Sofía, PP-486
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Calero Berrocal, Rubén, PP-771, PP-786,
PP-807

Cámpora Pérez, Juan, S1-FP44, S6-FP02
Campos, Jesús, PP-440, PP-464

Calle-Vallejo, Federico, S2-OC01

Campos Manzano, Jesús, PP-434

Calles, Maria, PP-570

Campuzano, Susana, S9-OC05, PP-151, PP154, PP-162, PP-173, PP-184

Calogero, Francesco, PP-024, PP-074
Caltagirone, Claudia, PP-654

Cañada Barcala, Andrés, PP-771, PP-786,
PP-807

Calvelo, Martín, S1-FP13

Cañada Vicinay, Javier, S7-OC14

Calvelo Souto, Martín, S1-FP12, S5-FP10

Canales, Angeles, S15-IL04, PP-163, PP586, PP-624

Calvente Pacheco, Juan José, S2-OC03, S3FP07

Cancho-Grande, Beatriz, PP-138

Calvino Gámez, José Juan, S2-OC03, S10OC09, PP-003, PP-077, PP-079, PP-476

Caneda-Martínez, Laura, PP-577

Calvo, Luisa, S14-FP06

Canet, Josep, PP-756

Calvo Gredilla, Patricia, PP-754

Caniparolli, Ulysse, PP-295

Calvo Hernández, Luisa, S14-FP22

Cano, Joan, S10-FP05

Calvó-Tusell, Carla, PP-095

Cano, Manuel, PP-392, PP-403

Calzada Funes, Javier, PP-688

Cano Asensio, Judit, PP-001

Camacho, Luis, PP-565, S11-FP02

Cano Escario, Miguel, S14-FP10

Camacho Delgado, Luis, PP-545, S3-FP11

Cano Galey, Manuela, PP-658

Camacho Quesada, María Encarnación, PP650

Cano Luna, Manuel, S3-FP09
Cano Martín, Alba, S9-OC05

Camapaña, Araceli G., PP-545

Cano Plá, Sandra María, S12-OC06

Cámara Herrero, Carlos, PP-368

Cano-Cortes, Maria Victoria, PP-582

Cámara Sánchez, Patricia, S12-OC09

Canosa, André, PP-110

Camarillo Blas, Rafael, S14-FP31, PP-402

Cantaragiu, Silvia, S9-OC05

Caminati, Gabriella, PP-163

Cantoral, Jesús Manuel, PP-843, PP-858

Camó Marín, Cristina, S7-OC22

Canudo Barreras, Guillermo, S6-FP24

Campaña, Araceli G., S13-FP02, PP-565

Capdevila, Lorena, S6-FP01

Campbell, Colin, S8-FP11

Capdevila, Mercè, S07-IL02

Campillo, Natalia, PP-149

Capitan Vallvey, Luis Fermin, S9-OC02, PP150, PP-204, S8-FP07

Campillo Seva, Natalia, PP-176, PP-183
Campins Falcó, Pilar, PP-137, PP-139, PP142, PP-152, PP-171, PP-180

Caravaca Fuentes, Pau, S7-OC22
Carbajo, Daniel, PP-561

Campo, A., S3-OC22

Carbajo Gordillo, Ana Isabel, PP-605
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Carbó, Jorge J., PP-043, PP-101, PP-274, PP379

Carral Menoyo, Asier, PP-072
Carranza Avila, Jannier, PP-687

Carbó Martín, Jordi, S6-FP09

Carrasco, Alegría, S09-IL02

Carbonell Rozas, Laura, S9-FP03

Carrasco, Carlo J., PP-466

Cárcel, María, S1-OC09, PP-277

Carrasco, Javier, S3-OC13

Carceller, Laura, PP-282

Carrasco, Jose A., PP-709

Carda, Miguel, PP-643

Carrasco Carrasco, Carlos Jesús, PP-424

Cardea, Stefano, PP-827

Carrasco Jiménez, María Paz, PP-729

Cárdenal, Diego J., PP-324

Carrasco Marín, Francisco, PP-241, PP-263,
S16-FP13, S16-FP14, S16-FP15, S3-FP22

Cárdenas Aranzana, María Soledad, PP-057
Cárdenas Morales, Diego J., PP-325

Carrasco-Pancorbo, Alegría, PP-088, PP138, PP-160, PP-167

Cardo, Lucia, S12-OC04

Carreira Barral, Israel, PP-321, PP-368, PP612, PP-654

Cardona, Y., S14-FP17
Cardona Lamarca, Teresa, S13-OC02, PP713

Carrera Fernández, Manuel, S13-OC08,
S3-OC12, PP-548, S3-FP10

Cardona-Farreny, Miquel, S6-OC15

Carrero Ferrer, Iván, PP-180

Cardozo, Claudia, PP-635

Carretero, Juan Carlos, S01-IL02, PP-341

Carell, Thomas, PP-511

Carretero Gonzálvez, Juan Carlos, S1-FP01

Carissimi, G., PP-821

Carretero Peña, Selena, PP-089, PP-090

Carli, Benedetta, S1-OC04

Carrillo, Celia, PP-723

Carlos, Luis D., S12-FP06

Carrillo, Romen, S11-OC11, PP-505

Carmona, Ana T., PP-353, PP-644

Carrillo Del Teso, Alfonso, PP-422

Carmona, Daniel, S6-FP15

Carrillo Fumero, Romen, PP-534

Carmona Carmona, Jose Alberto, S1-FP25

Carrillo Hermosilla, Fernando, PP-032, PP463

Carmona Esteban, María, PP-429

Carrión Peregrina, María Dora, PP-650

Carmona Fernández, Francisco Jesús, PP250, S7-FP22

Carter-Martos, Daniel, PP-707

Carmona García, Javier, S5-FP22

Carvajal, David, PP-030, PP-085

Carmona Gascón, Daniel, PP-015, PP-429,
PP-458, PP-474

Carvajal Guayapero, David, PP-062
Carvajal Rodríguez, Miguel Ángel, PP-204

Carmona Molero, Rocio, PP-135

Carvela Soler, Mireya, S14-FP29

Carné Sánchez, Arnau, PP-266

Casadeval, Carla, S16-FP07

Caro León, Francisco Javier, PP-669

Casadevall, Carla, S2-OC05

Caro Moreno, Marta, S7-OC11
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Casado, Sara, PP-580

Castellón, Enrique R., PP-412

Casado Coterillo, Clara, PP-778, S14-FP30

Castells Gil, Javier, S10-OC05, S16-FP02,
S16-FP03

Casado-Combreras, Miguel A., S07-IL05

Castelo-Branco, Vanesa N, PP-160

Casanova, Eva, PP-800

Castillo, Aly, PP-146

Casares González, Juan A., PP-445

Castillo, Carmen E., PP-019

Casares Gonzalez, Juan Ángel, PP-431, PP539

Castillo, Celia, S10-OC02

Casares Lopez, Raquel, PP-742, S1-FP43

Castillo, E, S3-FP20

Casares Porcel, M., PP-865

Castillo, Javier, S6-FP15

Casas, Jose A., PP-808

Castillo, Oscar, PP-213, PP-568

Casas, Jose Antonio, S14-FP34

Castillo Blas, Celia, S10-OC04

Casas Cabanas, Montserrat, PP-410

Castillo García, Oscar, PP-269, S16-FP06

Casas De Pedro, Jose Antonio, PP-773

Castillo González, Carmen Esther, PP-003,
PP-033, PP-073, PP-077, PP-079

Casas Garrido, David, PP-593

Castillo Hernández, Carolina, S7-FP21

Casciotti, Martina, PP-305

Castillo Martínez, Elizabeth, PP-396

Casero Junquera, Elena, PP-196

Castillo-Blas, Celia, PP-495, S10-FP01

Cases Díaz, Jesús, S16-OC10

Castillón, Sergio, S1-FP04

Cases Díaz, Jesús Antonio, PP-703

Castillón Miranda, Sergio, PP-285

Casini, Angela, S11-OC06

Castro, María Ángeles, PP-371

Casitas Montero, Alicia, S6-OC01, PP-462

Castro, Nerea, PP-198

Castañar, Laura, S15-IL03

Castro Osma, José Antonio, S6-FP20

Castañeda, Gregorio, PP-148

Castro Esteban, Jesús, S13-FP09

Castarlenas, Ricardo, PP-104

Castro García, Socorro, PP-478, S3-FP03

Castarlenas Chela, Ricardo, PP-453

Castro González, María De Los Ángeles, PP327, PP-862

Castell Martínez, Ana, PP-176
Castellanos, Milagros, PP-697, S12-FP07

Castro Osma, José Antonio, S6-OC14

Castellanos Arrescurrenaga, Eduardo, PP541

Castro Puyana, María, PP-185, PP-190
Castro Rubio, Flor, PP-182

Castellanos Hernandez, Leonardo, PP-860

Castro-García, Socorro, PP-475

Castellanos Rubio, Ainara, PP-762

Cataffo, Andrea, S1-FP17

Castellanos Rubio, Idoia, PP-762

Catena, Juanlo, PP-129, S8-FP13

Castellanos Soriano, Jorge, PP-319, PP-706

Cauqui, Miguel Angel, PP-476

Castellón, Enrique, PP-618
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Cauqui López, Miguel Ángel, PP-003, PP077, PP-079

Chang, Jinhyun, S3-FP14, S3-FP23
Chantzakou, Veronika Olga, PP-448

Cea Mingueza, Pilar, PP-766, S13-FP10

Chaparro Garnica, Cristian,

Ceamanos Lavilla, Jesús, PP-772
Ceballos, Manuel, S16-FP12

Chaparro Garnica, Cristian Yesid, S16OC13, PP-232

Ceballos, Samuel, PP-130

Chaudret, Bruno, PP-540, PP-690

Cebrián Aznárez, Pablo, PP-159

Chávez Peraza, Miriam, PP-763

Cedrún-Morales, Manuela, S16-FP12, PP245, PP-260

Chavignon, Luc, PP-702
Chayah Ghaddab, Meriem, PP-608

Celeiro, María, PP-146

Checa-Fernandez, Alicia, PP-824, PP-831

Cembellín, Sara, S6-OC06

Chemes, Lucía B., PP-638

Cepero, Ana, PP-861

Chen, Peter, S06-IL01

Cera, Gianpiero, S8-FP03

Chen, Xiaowei, S10-OC09

Cerdá, Jesús, S13-OC10

Chen, Yueyao, S01-IL08

Cerdá Calatayud, Jesús, S11-FP04

Chester, Ashleigh M, S10-OC02, PP-495

Cerezo Navarrete, Christian, S13-FP02, S2FP06

Cheuquepan Valenzuela, William, S9-OC06
Chiabrera, Francesco, PP-705

Ceroni, Paola, PP-024, PP-074, PP-128

Chica Armenteros, José Juan, PP-344

Cerrada Lamuela, Elena, PP-469

Chien, Yu-Chuan, S3-OC24

Cerrato Álvarez, María, S4-OC08, PP-090

Chinchilla Cruz, Rafael, PP-022, PP-072

Cerro Carracedo, Manuel, PP-421

Chiu, Pauline, S01-IL08

Cervantes, Fadia V., PP-601

Cho, Ahreum, PP-852

Cervera Gabalda, Laura, PP-732

Choi, Hojun, S3-FP14

Cervigón Rey, María, PP-046

Choquesillo Lazarte, Duane, S10-OC07,
S12-OC06

Cesco, Michele, S12-OC04
Cespedes, J A, PP-683

Choquesillo-Lazarte, D., PP-071

Cester, Federica, PP-329

Choukairi Afailal, Najoua, PP-026

Cester Bonati, Federica, S8-FP03

Christoffel, Fadri, S5-OC04

Cevallos Toledo, Rita, PP-708

Chronakis, Nikos, PP-540

Cha, Jaewon, S3-FP14

Chudasama, Vijay, S7-FP10

Chacón, Joaquín, PP-390

Ciancaleoni, Gianluca, PP-022

Chacón Jiménez, Irene, PP-555

Cid, María Belén, S1-FP02

Chan, Chun-Yin, PP-511

Cid, María Magdalena, PP-519
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Cid Barrio, Laura, PP-192

Compañón, Ismael, PP-648

Cid De La Plata, Belén, PP-342

Company, Anna, PP-033

Cid Fernández, María Magdalena, PP-517

Companyó, Xavier, S1-OC12

Cimas, Francisco J., S6-OC14

Concellón Allueva, Alberto, S13-FP10

Cinca Fernando, Paula, PP-328

Conde Rivera, Laura Rosa, S16-FP14

Ciotti, Anna, S3-OC08, PP-025

Conejo, María Del Mar, PP-466

Cipollina, Andrea, S14-IL03

Conejo García, Ana, PP-608, PP-650

Cirera Fernandez, Jordi, PP-105, PP-726

Conejos-Sanchez, Inmaculada, S12-FP01,
PP-694

Cisneros, Javier, PP-870

Congost Escoin, Pau, PP-660

Clarke, Tracey, S3-OC05

Consegal, Marta, PP-129

Claros Casielles, Miguel, PP-445

Conte, Leandro O., S14-FP04

Clemente, Antonio, PP-689

Contento Salcedo, Ana María, PP-205

Clemente León, Miguel, PP-731

Contreras-García, Julia, S10-IL02

Cobas, Agustín, PP-721

Coppini, Davide Andrea, PP-312

Cobos, Eva S., PP-638

Cordani, Marco, S12-FP07

Cobos, Silvia, PP-535

Cordero, Tomás, PP-793, PP-798, S14-FP12,
S14-FP13, S14-FP16

Coca Ruiz, Víctor, S15-OC01, PP-858
Coco Cea, Silverio, PP-535, PP-539

Cordero-Lanzac, Tomás, S14-FP12

Coderch, Claire, S5-OC03

Cordoncillo Cordoncillo, Eloísa, PP-493

Codesal, Marcos D., PP-545, PP-565

Corma, Avelino, S16-IL01, PP-264, PP-352,
S2-FP06

Cohen, Boiko, PP-556

Cornejo Ibergallartu, Alfonso, PP-848

Colacio Rodríguez, Enrique, S8-OC05, PP477, PP-507

Cornella, Josep, S06-IL07, PP-423

Colangelo, Donato, S12-OC06, PP-699
Colchon, Esther, PP-613

Coronado Miralles, Eugenio, S13-IL01, S13OC04, PP-731,PP-756, S3-FP05

Colina Santamaría, Álvaro, S9-OC06

Coronado, Juan, S3-OC02

Collado, Isidro G., PP-446

Corpas, Javier, PP-341

Collepardo, Rosana, S5-OC05

Corpas Pardo, Javier, S1-FP01

Coloma Manjón, Isabel, S7-FP01

Corral, César, S15-OC06

Colombo, Valentina, S10-FP02

Corral Pérez, Inés, S5-FP23, S5-OC07, PP111, PP-631

Colomer Utrera, Ignacio, PP-380, PP-560

Corral Suárez, Carlos, PP-380

Coluzza, Ivan, PP-675

Corrales-Guerrero, Laura, S07-IL05

Comendador, Pablo, PP-789, PP-826
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Correa, Jara, S1-FP46

Crespí Sánchez, Neus, PP-251

Correa Paz, Clara, PP-211

Crespo, Iratxe, S14-FP23

Correia, Alexandra, S12-FP07

Crespo Briones, Iratxe, PP-802

Corro, Macarena, S1-FP04

Crespo Sueiro, Gloria, PP-857

Cortazar, María, PP-803, PP-829

Crespo Zaragoza, Olga, PP-436

Cortés Bautista, Sergio, PP-152

Crespo-Hernández, Carlos E., S5-OC07

Cortés Villena, Alejandro, PP-127

Crespo-Reinoso, Santiago, PP-262

Cortijo, Miguel, PP-348

Creus, Jordi, S2-FP05

Cortijo Montes, Miguel, S7-FP01

Criado, Alejandro, PP-675

Cortijos Aragonès, Albert, PP-737

Criado Fernández, Alejandro, PP-736

Cortón Debén, Pablo, PP-554

Cristóbal Gordo, Cristian, S15-OC06

Corzana López, Francisco, PP-599, PP-645,
PP-648, PP-652, S7-FP20

Crovetto González, Luis, PP-116, PP-119,
PP-122, PP-131

Cosano, Daniel, PP-002, PP-391, PP-408

Crusats Aliguer, Joaquim, S1-FP07

Cossío, Fernando P., S1-OC01, PP-317, PP322, PP-337, PP-442, PP-286, S5-FP25

Cruz, Carlos M., PP-131
Cruz López, Olga, PP-608, PP-650

Costa, Antoni, PP-552

Cruz Perdomo, Daniel Alejandro, S15OC05, PP-330, S1-FP40

Costa, Rodrigo, S1-FP05
Costa Fernández, José Manuel, PP-192

Cruz Quesada, Guillermo, PP-220, PP-262,
PP-265

Costa Torres, Antonio, PP-567

Cruz Sánchez, Rubén, PP-658

Costas, Miquel, PP-571

Cuadrado García, Cristina, S15-OC08, PP112, PP-844

Costas Salgueiro, Miquel, PP-026, PP-033,
S2-FP01

Cuadrado, Irene, PP-846

Costero, Ana María, PP-125, PP-128, PP130

Cuadri, Antonio A., S14-FP35

Cotán García, Adrián, PP-073

Cuadri Vega, Antonio A., PP-817

Cotán García, Ana, PP-869

Cubells Gómez, Aitor, S9-FP02, PP-165

Cotillas, Salvador, S14-FP04

Cubero Cardoso, Juan, PP-230

Coutinho, Joao A.p., S14-IL01

Cubillana Aguilera, Laura, S3-FP01

Cowan, Alexander J., S3-OC08, PP-025

Cubillos, Monica, PP-596

Cowley, Michael J., S6-FP06

Cucinotta, Antonino, PP-228

Cozzi, Pier Giorgio, PP-024, PP-074

Cucurull Pastor, Judit, PP-337

Craig, Michael, PP-064

Cuéllar-Zuquin, Juliana, S5-FP24

Crassous, J., S11-FP08

Cuerda Correa, Eduardo Manuel, PP-214
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Cuerva, Juan Manuel, S11-FP02, PP-116,
PP-131, PP-545, PP-565, PP-677, PP-744,
PP-765

Davó Quiñonero, Arantxa, S16-OC13, PP232
Dawson, Andrew, S11-OC01

Cuerva Carvajal, Juan Manuel, S13-OC09,
S8-OC05, PP-114,PP-742, PP-757

Dawson, Kenneth, S12-FP03
Day, Craig S., S1-FP14, PP-349

Cuerva De Alaíz, Cristián, S7-FP01

Daza Collier, Jason, PP-401

Cuesta Alvaro, Marc, PP-028

De Moliner, Fabio, S8-FP11

Cuesta Galisteo, Sergio, S1-OC03

De Aquino Samper, Araceli, S11-FP03

Cuevas, Carmen, S15-IL02

De Araujo S. De Oliveira, Juliana, PP-842

Cuevas Vicario, José Vicente, PP-719, PP754

De Armas, Pedro, PP-312

Curchod, Basile, S05-IL03

De Blas, Andrés, S4-OC10

Curiel Casado, David, S13-OC08, S3-OC12,
PP-548, S3-FP10, S8-FP04

De Cola, Luisa, S11-IL02, S11-OC06
De Conto, Juliana F., PP-412
De Cózar Ruano, Abel, S1-FP29, PP-029
De Dios Pérez, Inmaculada, PP-575, PP-649

D

De Feyter, Steven, PP-228, PP-520, PP-738
De Gendt, Stefan, PP-738

Da Lama Vázquez, Ana, S1-FP45

De Gonzalo Calvo, Gonzalo, S1-FP30

Damián Burgoa, Jesús, PP-048, PP-060, PP499

De Juan, Alberto, S11-OC09, PP-558

Danaci, David, PP-389

De Juan Fernández, Leire, PP-733

Danés Pibernat, Sergi, S6-FP10

De Juan Garrudo, Alberto, PP-521, S11FP05

Daniliuc, Constantin G., S6-OC06

De La Cruz, Carlos, S3-OC15

Dantignana, Valeria, PP-033

De La Cruz Martínez, Felipe, S6-FP20

Darawsheh, Mohanad, PP-497

De La Cruz Sánchez Badia, Pol, S6-FP25

Darder, Margarita, PP-682

De La Escosura Muñiz, Alfredo, PP-192

Dato, Víctor, S16-OC08
Dato Vargas, Víctor, PP-402

De La Escosura Navazo, Andres, PP-580,
PP-588, PP-629

David, Arthur Henry Gerard, S11-FP02, S13FP02, S13-FP13, PP-573

De La Flor, G, S10-OC08
De La Fuente, Almudena, S04-IL04

David, Rolf, S05-IL02

De La Fuente Ballesteros, Adrián, S4-OC06

Davies, Jacob, S1-FP14

De La Hoz Rodríguez, Sergio, PP-323

Davis, Gideon, S7-FP09

De La Hoz Tomás, Mario, PP-261
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De La Lastra, Jaime, PP-489

Deb, Sanjukta, S12-IL02

De La Moya, Santiago, PP-117

Debeer, Serena, S6-OC01, PP-462

De La Peña O’shea, Víctor A., S3-FP04, S3FP08, S3-FP12, S3-OC01, S10-OC10, S13FP15, S16-OC11, PP-014, PP-404, PP-405,
PP-509

Dednam, Wynand, PP-757
Del Barrio Jímeno, Manuel, S16-OC15
Del Barrio Lasheras, Jesús, S12-OC07, PP528, PP-670

De La Puente, Miguel, S05-IL02

Del Caño, Rafel, S12-OC01

De La Rica Quesada, Roberto, PP-179, PP689

Del Castillo, Paula, PP-466

De La Rosa, Miguel A., S07-IL05

Del Castillo-Velilla, Isabel, S10-FP01, S10OC03, PP-486,

De La Rubia Romero, María De Los Ángeles,
S14-FP18, PP-804, PP-818

Del Corte Solaguren-Beascoa, Xabier, S1FP37, PP-301

De La Torre Gordo, Natalia, PP-399

Del Olmo Iruela, Monsalud, PP-135

De La Torre Larrañaga, Unai, S14-FP09

Del Pino, Pablo, S12-OC08, PP-245, PP260, PP-659, PP-663, PP-666, PP-685, S16FP12

De La Torre Ponce, Gema, S11-OC03, PP692
De Las Heras, Beatriz, PP-846
De Lellis, Laura, S1-FP35

Del Pino González De La Higuera, Pablo
Alfonso, PP-211, PP-217

De Llanos Frutos, Rosa, PP-693

Del Pozo, Angel, PP-612

De Los Reyes, Carolina, PP-849

Del Pozo Losada, Carlos, PP-278, PP-292,
PP-372

De Los Ríos, Cristobal, PP-682

Del Pozo Vázquez, María, PP-196

De Los Santos Álvarez, Noemí, S9-FP01

Del Río, María Pilar, PP-454

De Los Santos Rodríguez, Jorge Armando,
S3-OC22

Del Rio Clar, Mateo, PP-243

De Marcos Ruiz, Susana, PP-158, PP-159

Del Río Nieto, Enrique, PP-082

De Meatza, Iratxe, S3-FP17

Del Río Varea, María Pilar, PP-441

De Miguel Rojas, Gustavo, PP-057, S3-FP11

Del Río-Rodríguez, Roberto, S1-FP08

De Orbe Payá, Ignacio, PP-204, S8-FP07

Del Rosal, Iker, S6-OC15, PP-540, S13FP02, S2-FP05

De Pascual-Teresa, Beatriz, S5-OC03, S7OC05

Delfau, Ludivine, PP-078

De Pedro, Nuria, PP-857

Delgado, José Antonio, PP-807

De Sá Perestrelo Gouveia, Rosa Maria, PP202

Delgado, Juan J., PP-476
Delgado, Juan José, PP-392

De Sousa Câmara, José, PP-202

Delgado, Mario, S7-OC11

De Tovar, Jonathan, S2-FP07

Delgado, Pedro José, PP-252
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Delgado, Rafael, PP-620

Díaz De Villegas Solans, María Dolores, PP776

Delgado, Sandra, S7-OC14, S5-FP14
Delgado Andrade, Cristina, PP-175

Díaz Díaz, David, S1-OC19, PP-293, PP-384,
PP-504, PP-706

Delgado Dobladez, José Antonio, PP-771,
PP-786

Díaz Flores, Paola, S16-OC14
Díaz Giménez, Yolanda, S7-FP02

Delgado Ferreiro, Ignacio, PP-478, S3-FP03

Díaz González, Selene, PP-504

Delgado Hernández, Samuel, S1-FP28

Díaz Hernández, Carmen Elisa, PP-837

Delgado López, José Manuel, PP-150, PP481, PP-667, S10-FP06

Díaz Jiménez, Àlex, PP-364

Delgado López, Pedro José, PP-221, S7FP22

Díaz Marrero, Ana Raquel, S15-OC01, PP842, PP-844, PP-845, PP-847, PP-854, PP871

Delgado Montiel, Alejandro, PP-372

Díaz Mochón, Juan J., PP-546

Delgado Pinar, Martina, PP-695

Díaz Nieto, Elena, PP-804, PP-818, S14FP18

Delgado-Ferreiro, Ignacio, PP-475
Delgado-López, José M., PP-677

Diaz Oltra, Santiago, PP-372

Delgado-Sánchez, Clara, S14-FP35

Díaz Portuondo, Emiliano, PP-804

Demello, Andrew J., PP-527

Díaz Requejo, María Del Mar, PP-284, PP432, S1-FP11

Demirbas, Derya, S6-OC01, PP-462

Díaz Sainz, Guillermo, PP-783, PP-832, S14FP33

Deng, Jie-Ren, PP-770
Deo, Claire, S08-IL03

Díaz Torres, Raúl, S13-OC02, PP-533

Deolka, Shubham, S6-FP14

Díaz Verde, Álvaro, PP-008, PP-009

Dervilly, Gaud, S9-FP03

Diaz-Mochon, Juan Jose, PP-582

Desmet, Tom, PP-850

Diaz-Moreno, Alejandro, S1-FP41

Dessi, Paolo, S2-OC06

Diaz-Moreno, Irene, S07-IL05

Destito, Paolo, PP-581

Díaz-Ortega, F., PP-507

Develioglu, Aysegul, PP-704, PP-733, S16FP11

Díaz-Sainz, Guillermo, S3-OC18

Dhaliwal, Kevin, S7-OC18, S8-OC06

Diban Gómez, Nazely, S14-FP07, PP-781

Dhanjani, Monica, S12-FP07

Diéguez Fernández, Montserrat, S1-OC10,
S6-OC11, S6-FP25, PP-428,

Diaba, Faiza, PP-369

Díez, David, PP-296

Diana Rivero, Raquel, PP-356

Diez, Elena, PP-309

Diao, Tianning, S06-IL05

Diez, Paula, PP-665, PP-673

Díaz, Yolanda, S1-FP04
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Diez Martín, David, S1-FP33, PP-280, PP327, PP-360, PP-647

Doncel Giménez, Azahara, S11-FP04
Doñoro, Carmen, PP-669

Díez Poza, Carlos, S1-OC02, PP-061, PP374

Dortez Herranz, Silvia, PP-174
Dos Santos García, A.j., PP-409

Diez Varga, Alberto, PP-754

Douhal, Abderrazzak, S16-OC12

Dinesh, G. Kumaravel, S2-OC06

Douhal Alaui, Abderrazzak, PP-261

Dinoi, Chiara, S6-OC15, S2-FP05

Dreos, Ambra, S7-FP06

Djermane, Rania, PP-671

Drius, Giacomo, S6-FP16

Dobado Jiménez, José Antonio, PP-616

Duarte, Fernanda, S05-IL01

Dolle, Christian, PP-709

Duarte Correia, Carlos Roque, PP-604

Doltsinis, Nikos L., S6-OC06

Duchosal, Michel A., PP-644

Domingo, Concepción, S13-OC02

Duerto Jordán, Isolda, S3-OC06

Domingo Torner, Carlos, PP-791

Duffy, Emma, S8-OC06

Domínguez, Carmen María, PP-824, PP-831

Dulic, Diana, S13-OC02

Domínguez, Moisés, PP-127

Durá, Óscar Juan, PP-421

Dominguez Codesal, Marcos, S11-FP02,
S13-FP13

Durá Gracia, Gema, PP-437, PP-449

Domínguez Déniz, Leandro, PP-822, S14FP21

Duran, Anna, PP-129
Duran, Jordi, S1-OC12

Domínguez Domínguez, Paola, PP-706

Durán, Rosa, PP-584

Domínguez García, Mario, PP-158

Duran Del Amor, Maria Del Mar, PP-823

Domínguez Jurado, Elena, S6-OC14

Durán Del Val, Francisco Javier, PP-488

Domínguez Martín, Alicia, S10-OC07

Durán Patrón, Rosa María, PP-583, PP-868

Dominguez Molano, Paula, PP-379

Durrant, James R., S6-FP28

Domínguez Ramos, Antonio, PP-825

D’agostino, Simone, PP-508

Domínguez Ramos, Lidia, S14-FP24

D’souza, Francis, S11-OC01

Domínguez Terol, Ana Belén, PP-724

D´urso, Annarita, S12-OC06, PP-699

Dominguez Vera, Jose M., S12-FP02
Domínguez Vera, José Manuel, PP-667
Domínguez Vera, Jose María, PP-739
Dominguez-Alfaro, Antonio, S8-OC02
Dominko, Robert, S3-FP16, S3-FP24

E

Doña, I., PP-683

E. Oropeza, Freddy, S3-FP12, S3-FP08

Donaire, Antonio, PP-076
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Eastgate, M. D., S7-OC10

Erviti Marticorena, Laura, PP-608

Ebert, Marc-Olivier, S6-FP04

Es Sih, Salima, PP-267

Echavarren, Antonio M., S1-FP17, S1-FP18,
S1-FP21, S1-FP24, S6-FP12, S1-OC14, PP295, PP-306, PP-307, PP-313, PP-320, PP329

Escalera-Moreno, Luis, S13-OC04

Echegoyen Fernandez, Luis, S13-OC02, PL4

Escarpa, Alberto, PP-174

Echeverría, Coro, PP-420

Escarpa Miguel, Jesús Alberto, PP-184, PP197

Escalona, Carmen, PP-697
Escamilla Berenguer, Paula Sara, PP-259

Echeverría López, Jorge, S10-FP03

Escobar, Luis, PP-511

Edström, Kristina, S03-IL07

Escobedo Araque, Pablo, PP-204

Egea Castro, Gonzalo, PP-035, PP-066

Escoda Acero, Lluisa, PP-401

Egues, Silvia M., PP-412

Escofet, Imma, PP-295

Eguia Barrio, Aitor, S3-FP17

Escola Sáez, José María, S14-FP32

Eizaguerri Serrano, Alberto, PP-016

Escolano, Marcos, PP-278, PP-292, PP-375

El Aouni, Nassima, PP-058

Escolástico Rozalén, Sonia, PP-422

El Guenani Mir, Nihal, PP-030

Escorihuela Fuentes, Jorge, PP-093

El Ouardi El Hamidy, Meryem, S7-OC19, PP609, PP-627, PP-628

Escorihuela López, Enrique, S13-FP10

Elcoro, L, S10-OC08

Escot Navarro, Lorena, PP-287

Elías Rodríguez, Pilar, S1-OC11

Escuder, Beatriu, PP-698

Ellis, Gary, PP-418

Escudero, Andrea, PP-673

Elorriaga Muñoz, David, PP-463

Escudero, Carlos, S2-OC02

Elosua Aguado, Cesár, PP-220

Escudero, Daniel, PP-133

Elvira, Carlos, PP-687

Escudero Escribano, María, S2-OC04, S2FP08

Emma Barahona Martín, Emma, PP-818

Espargaró, Alba, S7-OC09

Encinas, Susana, S1-OC19

Espejo-Roman, Jose Manuel, PP-582, PP650

Encinas Giménez, Miguel, S12-FP04
Encinas Perea, Susana, S7-OC20, PP-384

Esperillas, Daniel, PP-299

Enterría, Marina, PP-398

Espinal, Maialen, PP-220

Epelde Bejerano, Eva, PP-788

Espinal-Viguri, Maialen, PP-262, PP-265

Ereña Loizaga, Javier, PP-790, S14-FP28

Espinar Barranco, Laura, PP-119, PP-122

Erenas, Miguel Maria, PP-204

Espinet, Pablo, S6-OC09

Ereño Orbea, June, PP-624

Espinosa Cano, Eva, S12-OC09

Ersen, Ovidiu, S6-OC15
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Espinosa Ferao, Arturo, PP-479, PP-501

Ezzanad, Abdellah, PP-872

Espinosa Gómez, Sara, PP-110, PP-805
Esporrín Ubieto, David, S12-FP05
Esposito, Vincenzo, PP-705

F

Espuny, Irene, PP-596
Esquembre Martinez, Francisco, PP-823

F. Fondevila, Marcos, S7-OC16

Esquivel, Dolores, PP-002, PP-392, PP-393,
PP-408

F. Otero, Toribio, S3-FP05

Esquivel, Mª Dolores, PP-391
Esquivel Hernández, José Luis, PP-547

Fabregat Santiago, Francisco, PP-062, PP085

Esser, Birgit, PP-764

Facchetti, G., S11-IL02

Esteban Aranda, Alberto, S1-FP33

Faiges Marcos, Jorge, PP-428

Esteban Díez, Isabel, PP-177, PP-178

Fairen-Jimenez, David, S16-FP10

Esteban Gómez, David, S1-FP45, S7-FP19,
S7-OC04, PP-577, PP-597, PP-634,

Fajardo, Ana Sofía, PP-012

Esteras, Dorye L., S13-OC04

Fall Diop, Yagamare, PP-365

Esteruelas, Miguel A., PP-337

Fallanza Torices, Marcos, PP-806, S14-FP11

Esteve Rochina, María, S10-OC01, PP-215,
PP-553

Faller, Peter, S07-IL06

Fabregat Safont, David, PP-181

Fajardo Puerto, Edgar, S16-FP15

Falomir Ventura, Eva, PP-590, PP-643

Estévez, Francisco, PP-622

Falsig, Hanne, S2-FP08

Estévez Braun, Ana, PP-846
Estévez Guiance, Laura, PP-097

Fañanás Mastral, Martín, S6-FP11, PP-291,
PP-297, PP-300, PP-497

Estévez Varela, Carla, PP-758

Fandzloch, Marzena, PP-219

Estrada Pomares, José, PP-057

Fang, Mingynan, S16-FP05

Estrella Gutiérrez, Manuel Alejandro, PP229

Fara, Mario A., PP-546
Faria, Joaquim L., S14-FP01

Estruch Blasco, Manel, PP-096, PP-714

Faria, Melissa, PP-129

Esvan, Jerome, S6-OC15, PP-039

Fariña-Torres, Victor, PP-497

Etxebarria, Jesús, PP-535

Fark, Zdeněk, S09-IL01

Etxebarria Garcia, Naiara, PP-410

Farras Costa, Pau, S2-OC06, PP-055, PP-236

Evans, Arwyn, PP-389

Fasel, Roman, S13-OC13, PP-743

Extabe, Julen, S3-OC13

Fatayer, Shadi, PP-752, S13-FP09

Eyley, Samuel, PP-738

Fdezsedano, Lucía, S5-FP20

Ezquerrro Parmo, Cintia, S8-FP05, PP-676
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Fehse, Marcus, PP-410

Fernández Bartolome, Estefania, S16-OC06

Feixas, Ferran, PP-532

Fernández Bartolomé, Estefanía, PP-257,
S16-FP11

Feliu Soley, Lidia, S7-OC22

Fernández Blanco, Ángel, PP-248, PP-258

Feliz, Marta, PP-419

Fernández Buenestado, Marta, PP-434

Feliz Rodríguez, Marta, PP-746

Fernández Canelas, Paula, PP-358

Fenoll, Dídac A.,

Fernández Cascán, Jesús, S14-FP05

Fenoll Silvestre, Dídac Armand, S6-OC10,
PP-037

Fernández Caso, Kevin, S3-OC18, PP-832

Fenollosa Esteve, Roberto, PP-746

Fernández Castro, José Javier, S15-OC01,
S15-OC04, PP-842

Ferhati, Xhenti, PP-645

Fernández Castro, Saleta, PP-752

Fermi, Andrea, PP-074, PP-128

Fernández Conde, Carmen, PP-224

Fernandes, Soraia, S16-OC09

Fernández De La Pradilla, Roberto, S1OC16

Fernández, Eduardo, PP-762
Fernández, Elena, S01-IL07, PP-274, PP379, S1-FP27

Fernández De La Pradilla Ibáñez, Adrián,
S5-FP12

Fernández, Enara, PP-789

Fernández De La Torre, Alexander, S7-FP21

Fernández, Estrella, PP-695
Fernández, I., PP-071

Fernández De Luis, Roberto, PP-213, PP227

Fernández, Israel, S10-FP04, S5-FP02

Fernández Diaz, Leire, S3-FP15

Fernández, Javier J., PP-847

Fernández Escalante, Elena, PP-828

Fernández, José J., PP-845, PP-854

Fernández Fariña, Sandra, PP-585

Fernández, José Javier, PP-844, PP-871

Fernández Fernández, Inmaculada, PP-298,
PP-714, PP-716, S1-FP35

Fernández, Leyberth, PP-847

Fernández Fernández, Rosario, PP-339, PP361, S1-FP23, S1-FP25, S1-FP39

Fernández, M. Isabel, PP-577
Fernández, Manuel Ángel, PP-338

Fernández Fernández-Argüelles, María
Teresa, PP-192

Fernández, Paula, S12-OC05
Fernández, Rosario, S1-OC11, PP-309, S1FP30

Fernández Galán, Rafael, PP-032

Fernández, Sergio, S2-OC05, S6-FP28

Fernández García, Esperanza, PP-196

Fernández Aceñero, María Jesús, S9-OC05

Fernández García, Marta, PP-420

Fernández Álvarez, Francisco José, S10FP04, PP-457

Fernández García, Sara, PP-448

Fernández Garcia, Susana, S10-OC09

Fernández González, Javier, PP-825

Fernández Barrero, Alejandro, S15-OC07,
PP-851, PP-855, PP-856, PP-863

Fernández González, Sergio, S1-FP19
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Fernández González, Xulián, S7-FP07

Fernández Polo, David, PP-601

Fernández Gutiérrez, María Elena, S1-FP03,
S6-FP09, PP-272, PP-288

Fernández Ramos, Antonio, PP-110
Fernández Ramos, David, S7-FP24

Fernández Hernando, Pilar, PP-487

Fernández Ramos, David, S7-OC16

Fernández Herrera, Leyberth José, PP-842,
PP-871

Fernández Ramos Humanes, Miguel, PP489, PP-503

Fernández Iglesias, Antía, PP-663

Fernández Rodríguez, Manuel Ángel, PP316

Fernández Jover, Eduardo, PP-661
Fernández Lázaro, Fernando, PP-602, PP661

Fernández Saenz, Enara, PP-803

Fernández Liencres, M Paz, PP-484

Fernández Salas, José Antonio, S1-FP08,
PP-290

Fernández Liencres De La Torre, Mª Paz,
PP-593

Fernández Sánchez, Jorge Fernando, S12OC06

Fernández López, Israel, S5-FP07

Fernández Suárez, Luis Jesús, PP-822, S14FP21

Fernández López, José Antonio, PP-794, PP810

Fernández Trillo, Paco, S7-OC24

Fernández Luengo Flores, Xavier, PP-109,
S5-FP28

Fernández Trujillo Rey, María Jesús, PP003, PP-019, PP-040, PP-042, PP-073, PP077, PP-079

Fernández Marchante, Carmen María, S14FP29

Fernández Vargas, Antonio J, S8-FP04

Fernández Márquez, Manuel, S14-FP06

Fernández Veloso, Andrea, S07-IL05

Fernández Martínez, María Dolores, PP-054

Fernández Vera, Oscar, PP-760

Fernández Maza, Christian, S14-FP11

Fernandezsilva, Patricio, S12-FP06

Fernández Mena, Ismael, S14-FP29

Ferradás, Rubén, S5-FP27

Fernández Merino, Ángela, S13-FP04

Ferrando, Jesus, PP-206

Fernández Mohedano, Angel, PP-804, PP818, S14-FP18

Ferrando Soria, Jesús, S16-IL04, PP-254,
PP-259, S16-FP09

Fernández Moreira, Vanesa, PP-661, S7FP04

Ferreira, Kissia, PP-222
Ferreira, Laura Maria, PP-371

Fernández Moyano, Sara, PP-467
Fernández Palacios Campos, Sara, PP-748

Ferrer, Belén, S3-OC09, PP-038, PP-255,
S16-FP01

Fernández Pastor, Ignacio, PP-865

Ferrer, Montserrat, PP-019

Fernández Peña, Laura, S1-OC02, PP-381

Ferrer Bru, Carlos, PP-474

Fernández Peñas, Raquel, PP-680

Ferrer Cerra, Joaquina, PP-474

Fernández Piedra, Helena, PP-357

Ferrero, Carla, PP-198
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Ferruz Falcón, Sheila, PP-776

Franco, Federico, S2-OC05

Fickert, Michael, PP-708, PP-709

Franco, Francisco, PP-267

Fidalgo Marijuan, Arkaitz, PP-227

Franco, Mario, PP-342, S1-FP02

Field, Martin, S2-FP07

Franco Gómez, José María, PP-811

Fieschi, Franck, PP-594

Franco Gonzalez, Felipe, S5-FP11

Figueiredo-González, María, PP-088, PP138, PP-167

Franconetti García, Antonio, S5-FP14, S5FP15

Finkelstein, Patrick, S6-FP04

Fratini, Emiliano, S5-FP19

Flitsch, Sabine, PP-607

Fratta, Simone, PP-644

Flores Serrano, Juan Carlos, PP-023

Frau Munar, Juan, PP-626

Flors, Cristina, S8-OC01

Freire Iribarne, Félix, S10-OC06, PP-518,
PP-751

Folcia, César Luis, PP-535

Freire Leira, María Sonia, S14-FP24

Folgar Cameán, Yeray, S7-FP05

Follana Berná, Jorge, S11-OC01, S12-OC03

Freixa Fernandez, Zoraida, S06-IL02, S6OC12, PP-317, PP-322, PP-427, PP-442, PP455

Fonseca Guerra, Celia, S05-IL04

Frey, Laura, S16-OC09

Font, Joan, PP-129

Fribourg, Miguel, PP-122

Font Molins, Marc, PP-336

Friis, Stig, S06-IL04

Fontana, Flavia, S12-FP07

Frontela Delgado, Juana M., S14-IL02

Fonts Amador, Isabel, PP-772

Frontera, Antonio, S11-OC04

Forero Tunjano, Abel Mateo, PP-839

Frutos Puerto, Samuel, S4-OC08

Forment Aliaga, Alicia, PP-756

Fuente-Seijo, M. Carmen, PP-864

Forte, Nafsika, S7-FP10

Fuentealba Arcos, Jorge, S7-FP21

Fortuin, Brigette, S3-OC13

Fuentes, Edgar, PP-132

Foubelo García, Francisco, S1-OC01, PP-359

Fuentes, M. Ángeles, S6-FP08

Fougère, Olivier, PP-577

Fuentes De Arriba, Angel Luis, PP-044, PP575, PP-611, PP-649, PP-671, S7-FP14

Folgueira, Mónica, PP-870

Fragoso-Jarillo, Lorena, S1-FP08

Fuentes-Rios, David, PP-861

Fraile, Alberto, S1-FP06

Fuertes Espinosa, Carlos, PP-540, S11-FP07

Fraile Dolado, José María, PP-075

Fuertes García, Alberto, PP-551

Francés, Victoria, PP-342

Fuertes Lorda, Sara, PP-482

Francés Monerris, Antonio, S5-FP22

Fueyo González, Francisco, PP-122, PP-574

Franchino, Allegra, S1-FP18

Fulias Guzmán, Patricia, S8-FP09

Francisco Palacios, Francisco, S1-FP37
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Fumanal, Alfonso, S7-FP03

Galindo, Agustín, PP-466

Funes-Ardoiz, Ignacio, S5-OC02, PP-094,
PP-354

Galindo, Miguel Ángel, PP-718
Galindo Cuesta, Miguel Ángel, PP-616

Funes Hernando, Samuel, S16-FP12, PP260

Galindo Del Pozo, Agustín, PP-424
Galindo Honrubia, Francisco, PP-693

Furness, Liam, S3-OC24

Galisteo, Alberto, PP-855

Fuster, Marta G., PP-821

Gallardo, Alberto, PP-687
Gallardo, Miguel, PP-586
Gallego, Ana M, S6-OC09

G

Gallego, Iván, S7-OC03

G. Arrayás, Ramón, PP-341

Gallegos, Miguel, S5-OC08

G. Basallote, Manuesl, PP-040

Galli, Simona, S10-FP02

G. Cirujano, Francisco, S16-FP03

Galvan, Ismael, PP-147

G. España, Alejandra, S10-FP04

Gálvez Rodríguez, Natividad, PP-574, PP739

G. Marín, Miryam, PP-333

Gamella, María, S9-OC05

G. Mosquera, Marta E., PP-083, PP-048

Gamez, Patrick, S7-OC13

G. Planas, José, S14-FP26

Gámez, Sergio, PP-555

G. Sonsona, Isaac, PP-333

Gamez Enamorado, Patrick, S7-OC09, PP625

Gabrielli, Valeria, S7-OC21
Gacho Temprano, Álvaro, PP-328
Gaita-Ariño, Alejandro, S13-OC04

Gámez Valenzuela, Sergio, PP-759, S13FP12

Gajate, Consuelo, PP-642

Gamonal, Arturo, S16-OC06

Galán González, Sandra, PP-785

Gamonal Crespo, Arturo, PP-239

Galán Malo, Patricia, PP-162

Gan, Lei, S14-FP26

Galán Mascarós, José Ramón, PP-238

Gándara Barragán, Felipe, S10-OC04, S16OC05, S16-OC11, PP-509, PP-540

Galbán Bernal, Javier, PP-158, PP-159

Garaizar, Adiran, S5-OC05

Galbiati, Marta, PP-756

Garcés, Andrés, PP-034

Galceran García, Guillermo, PP-271

Garcés Garcés, Jose, PP-661

Galdeano Ruano, Carmen, S3-FP07

García, Alba, S3-OC01

Galian, Raquel E., PP-127, PP-708

García, Alberto, S3-OC01

Galiana Cameo, Maria, PP-104, PP-453

García, Alejandro, S13-FP15

Galiana Rosello, Cristina, PP-564, PP-602

García, Celina, PP-622
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García, F. Pelayo, S03-IL02

García Caballero, Valentín, S3-FP09, PP392, PP-403

García, Felipe, S6-OC03

García Calvo, José, PP-754

García, G., PP-660

García Camaño, Aimara, PP-477

García, Hermenegildo, S3-OC09, S3-OC21,
S2-FP03

García Campaña, Ana María, S9-FP03, PP135

García, Irati, PP-826, PP-829

García Cansino, Laura, PP-157

García, M.d., PP-513

García Carmona, Laura, S3-FP02

García, Marcos D., PP-514

García Cerezo, Pablo, PP-573

García, María Concepción, PP-164, PP-194

García Cervilla, Raul, PP-831, PP-833, S14FP16

García, Nuria, S3-OC14, S3-FP23
García, Pablo Anselmo, PP-371
García, Patricia, PP-338

García Chamocho, Elena, S16-OC15, PP396

García, Pedro, PP-669

García Cirujano, Francisco, PP-225

García, Victoria, PP-584

García Costa, Alicia Loreto, PP-773, PP-808

García Alvarado, Flaviano, PP-399

García Csaky, Aurelio, PP-687

García Abellán, Susana Pilar, S6-FP26, S6OC13, PP-438

García Davis, Sara, PP-845, PP-847
García Díaz, María Esther, PP-450

García Aboal, Rocío, PP-255

García Eguizábal, Alejandro, S3-FP04, S3FP12

García Altares, María, S15-OC04

García España, Enrique, S8-FP12, PP-564,
PP-602

García Álvarez, Joaquín, PP-463
García Álvarez, Mayra, PP-082

García España Monsonís, Enríque, PP-576,
PP-603

García Antón Aviñó, Jordi, S3-OC19, PP059, S2-FP05

García Fandiño, Rebeca, S5-FP10, S5-FP16

García Aparicio, María Del Prado, PP-182

García Fernandez, Ana M., S15-OC10

García Araez, Nuria, S3-OC24

García Fernández, Alba, PP-673

García Arroyo, Paloma, PP-396

García Fernández, Emilio, S8-OC07, PP-546

García Baldoví, Hermenegildo, S3-OC07,
S16-FP01, PP-038, PP-255

García Fernández, José M., PP-641

García Basallote, Manuel, PP-033, PP-073,
PP-077

García Fernández, José Manuel, PP-594,
PP-605, PP-610, S7-FP09, S7-FP17

García Ben, Javier, S3-FP03, PP-475, PP-478

García Fernández, Luis, PP-669

García Benito, Inés, S3-OC10

García Fernández, Pedro, PP-309

García Borràs, Marc, S5-FP08, S11-FP07,
PP-095,

García Fontán, Soledad, PP-502
García Frutos, Eva María, S13-FP11, PP-682
1422

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

García Gabaldón, Montserrat, PP-791

García Mateos, Francisco José, S14-FP13

García García, Nuria, PP-727

García Melchor, Max, S2-FP04, S6-FP07, S3OC08, S6-OC09 PP-025, PP-064,

García García, Pablo Anselmo, PP-862

García Melo, Fátima, PP-715

García García, Patricia, PP-304

García Mendiola, Tania, S12-OC01, PP-156

García García, Pilar, PP-264, PP-371, PP-862

García Merino, Belén, S14-FP03

García García, Sergio, PP-866

García Michel, E., PP-709

García Gómez, Hermenegildo, S2-OC10

García Molina, Gabriel, S9-OC07

García González, Ángel, PP-296

García Montalvo, Jorge, S14-FP19

García González, Maria Angeles, PP-157

García Monzón, Irma, PP-070

García Granda, Santiago, PP-491

García Morales, Cristina, S6-FP12

García Guijarro, Fernando, PP-521, S11FP05

García Morales, Elvira, PP-666, PP-685

García Iglesias, Miguel, PP-521, S11-FP05

García Moreno, Inmaculada, PP-117

García Jambrina, Pablo, S1-FP26

García Nicolás, María, PP-172

García Jares, Carmen, PP-146

García Nieto, Lucía, PP-784

García Jiménez, Vicente, S13-FP13

García Ochoa Soria, Félix, PP-782

García Lainez, Guillermo, PP-627

García Orduña, Pilar, S6-FP15, S10-FP04,
PP-015, PP-474, PP-429, PP-458

García Lastra, Juan Maria, S3-FP23

García Palacín, Marta, S3-OC06

García Ledesma, Nieves, PP-327, PP-647

García Pedrero, Olaya, PP-294

García Lojo, Daniel, PP-725

García Peiro, Jose Ignacio, PP-677, PP-688

García Lojo, Luís, PP-725

García Pichel, José, PP-126, S8-FP05

García López, Manuela, PP-600

García Poyo, M. Carmen, S9-OC03

García López Calixto, Carmen, S3-FP04

García Rio, Luis, PP-619

García Mancheno, Olga, S01-IL03

García Risco, Mario, S07-IL02

García Marín, José Juan, PP-328

García Roca, Alèria, S6-FP21

García Maroto, Federico, PP-640

García Rodríguez, Raúl, PP-534

García Martín, Alberto, S14-FP19

García Rojas, Elena, PP-216

García Martín, Fayna María, PP-599

García Romero, Marcos Daniel, S7-FP08,
PP-554

García Martinez, Joaquin C, S8-FP08
García Martínez, Javier, S6-FP19

García Rubia, Alfonso, PP-620

García Martínez, Javier, PP-465, PP-676

García Rubiño, María Eugenia, S7-FP16

García Martínez, Joaquín C., S8-FP07

García Ruiz, Esperanza, S9-OC03

García Mateos, Clara, S1-FP22
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García Ruiz, Pedro, PP-800

Garrido Gonzalez, Victoria, S9-FP04

García Sánchez, Alba, S3-FP04

Garrido Segovia, Julián José, PP-220, PP265

García Sanmartín, Josune, PP-645

Garrido-Castro, Alberto F., S1-FP08

García Simón, Cristina, PP-540

Garzón Arias, José Manuel, PP-834

García Sobrino, Rubén, PP-687

Garzón Manjón, Alba, S2-FP09

García Soriano, David, S12-FP07

Garzón Ruiz, Andrés, S8-FP14, PP-121, PP556, PP-686,

García Suero, Marcos, PP-273, S1-FP38
García Tecedor, Miguel, PP-014, S3-FP12

Garzon-Tovar, Luis, S3-OC20

García Tellado, Fernando, PP-356, S1-FP28

Gascon, Jorge, S3-OC20

García Uceda Fernández, Rafael, PP-114

Gaspar, Bruna R A, PP-160

García Valle, Pablo R., PP-322

Gaviña, Daniel, PP-278, PP-292

García Valverde, María, PP-321, PP-368,
PP-612, PP-654

Gaviña, Pablo, PP-125, PP-128, PP-130
Gavira, José A, PP-483, PP-668

García Verdugo Cepeda, Eduardo, S2-OC09,
PP-004, PP-028, PP-045, PP-076, PP-536,
PP-590

Ge, Luo, PP-281
Gea Galindo, Gloria, PP-772

García Vivó, Daniel, PP-450

Geddis, Ailsa, S8-FP11

García Zaragoza, Adrián, S13-FP02, S2-FP06

Geer, Ana M., PP-441, PP-454

García Zorrilla, Victoria, PP-858, PP-872

Genilloud, Olga, PP-852, PP-853, PP-857

Garcinuño Martínez, Rosa Mª, PP-487

Georgakopoulos, Stamatis, S13-OC08

Garda, Zoltán, S7-FP19

Gerber, Iann C., S6-OC15

Garea Vázquez, Aurora, PP-778, S14-FP25

Gergel, Sebastian, S5-FP08

Garnes Portolés, Francisco, PP-020, S2FP02

Germani, R., PP-022
Ghashghaei, Ouldouz, S1-FP41, S8-FP02

Garranzo Asensio, María, S9-OC05

Ghezali, Nawel, PP-008

Garre Hernández, María Soledad, PP-304

Giacalone, Francesco, S14-IL03

Garrido, Carlos, PP-843

Gibaja, Carlos, PP-709

Garrido, Julián, PP-262

Giera, Martin, PP-190

Garrido, Pablo, PP-645

Gil, Alba, S7-OC05

Garrido, Yolanda, PP-796

Gil, Antonio, PP-506, S14-FP17

Garrido Crespo, Carlos, PP-858

Gil, Carmen, PP-620

Garrido García, Eva María, S11-OC02

Gil, Dolores, PP-408

Garrido González, José Javier, PP-044, PP575, PP-611, PP-649, S7-FP14

Gil, R., S10-OC05
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Gil, Salvador, PP-128, PP-130

Gimeno, M. Concepción, PP-047, PP-333,
PP-334, S6-FP16, S6-FP24

Gil Agusti, Mayte, S3-FP02

Gimeno Ferrero, Raúl, PP-716

Gil De Montes, Enrique, PP-353

Gimeno Floría, María Concepción, PP-436,
PP-460, PP-661, S7-FP04

Gil Hernández, Beatriz, PP-504
Gil Lalaguna, Noemí, PP-772

Gimeno Muñoz, Raquel, PP-533

Gil Martinez, Ariadna, PP-564, PP-602, PP603

Giner Casares, Juan José, S3-FP09, S11FP02, PP-403, PP-538, PP-565

Gil Martínez, Jon, S7-FP24

Giner-Arroyo, Rafael, S07-IL05

Gil Mestres, Adrià, PP-107

Giner-Casares, Juan José, PP-392, PP-545

Gil Muñoz, Rocío, S10-FP06

Giraldo García, David Agustín, PP-390

Gil Ordóñez, Marta, S1-FP26

Giramé Rizzo, Helena, PP-095

Gil Ramirez, Yolanda, S9-FP04

Girón, Maria Dolores, S8-OC07, PP-119

Gil Rostra, J., PP-141

Gisbert, Patricia, S1-FP46

Gil Rubio, Juan, PP-451

Glahn Martínez, Bettina, PP-163

Gil Santiago, Tomas, S6-FP02

Glatz, Jana, S16-OC10

Gil-Ocaña, V, PP-683

Glorius, Frank, S6-OC06

Gil-San Millan, Rodrigo, PP-252

Göbel, Dominik, S13-FP08

Gila Vilchez, Cristina, PP-681

Goberna Ferrón, Sara, S2-FP03

Gilabert, Paula, PP-843

Gobeze, Habtom B., S13-OC01

Gilarranz Redondo, Miguel Ángel, S14FP06, S14-FP22

Godard, Cyril, PP-043, PP-054
Godínez Seoane, Carlos, PP-795, PP-838

Gimenez, Mónica, PP-756

Godlewski, Szymon, PP-306

Giménez, Sixto, PP-062

Goicoechea, José M., S06-IL03

Gimenez Bañon, Maria J., S10-FP06

Goikolea Nuñez, Eider, PP-395

Giménez Campillo, Claudia, PP-183

Goldup, Steve, S11-OC09, PP-510

Gimenez Julia, Sixto, PP-051, PP-084

Golińska, Patrycja, PP-219

Gímenez Lizardi, Nora, PP-126

Goma Jiménez, Daniel, PP-003, PP-077

Giménez López, María Del Carmen, S3FP19, PP-411, PP-734

Gómez, Axel, S05-IL02

Giménez Marqués, Mónica, PP-703

Gómez, Jennifer, PP-704

Giménez Marqués, Mónica, S16-OC10

Gómez, Laura, PP-540

Giménez Sonsona, Isaac, S13-OC08, S3OC12, S3-FP10

Gómez, R., S11-FP08
Gómez, Rafael, PP-524

Gimeno, Concepción, PP-469
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Gómez Almagro, Victoria, S15-OC10

Gómez Pacios, Mª Generosa, PP-365

Gómez Arrayás, Ramón, S1-FP01

Gómez Pascual, Paula, S13-OC08

Gómez Ayuso, Javier, PP-321, PP-368

Gómez Polo, Cristina, PP-732

Gómez Bengoa, Enrique, PP-072, PP-369

Gómez Recio, Isabel, PP-476

Gómez Cadenas, Juan J., PP-317, PP-322,
PP-442

Gómez Redondo, Marcos, S5-FP14
Gómez Rodrigo, Lucía, PP-721

Gómez Cámer, Juan Luis, S3-OC23, PP-787,
S14-FP14, S3-FP18

Gómez Rubio, Elena, S7-OC15
Gómez Sal, Pilar, PP-023

Gómez Carrasco, Jose Luis, PP-774

Gómez Santacana, Xavier, S8-FP13

Gómez Coca, Silvia, PP-720, PP-767

Gómez Ventura, Marc, S8-FP10

Gómez Coma, Lucía, PP-806, S14-FP11,
S14-FP25

Gomis, Roger, PP-596

Gómez De Segura Zorzano, David, PP-126

Gonell, Francisco, PP-352

Gómez Díaz, Diego, S14-FP24

Gonell, Sergio, S06-IL08

Gómez Escalonilla, Maria Jose, S13-OC01

González, Cesar, S5-FP21

Gómez España, Alejandra, PP-457

González, David, PP-767

Gómez García, Carlos J., S7-FP23

González, F., PP-323

Gómez Gil, Sara, PP-276

González, Ignacio, PP-852, PP-853, PP-865

Gómez Gómez, Elisa, PP-774

González, Jorge, PP-662

Gómez Gómez, Mª Milagros, PP-168, PP187

González, José Manuel, PP-358
González, M. Teresa, PP-764, S13-FP03

Gómez Gómez, María, PP-774

González, Marta, S15-OC02

Gómez Gómez, María Milagros, PP-170

González, Marta María, S3-FP20

Gómez Herrero, J., PP-709

González, Soranyel, S6-FP28

Gómez Jiménez, José Joaquín, PP-566

González, Viviana Jehová, PP-755

Gómez Lor, Berta, S13-FP12
Gómez Martínez, Martín, PP-193

González Adelantado, Florenci Vicent, PP331, PP-578, S5-FP12

Gómez Mejía, Esther, PP-201

González Aguilar, José, S14-FP32

Gómez Mendoza, Miguel, PP-014, S3-FP04

González Alfaro, Sergio, S8-FP07

Gómez Morales, Jaime, S12-OC06, PP-680

González Alfonso, Jose Luis, PP-850

Gómez Mudarra, Francisco Alonso, PP-103,
PP-113

González Álvarez, Julia, S14-FP24
González Andrés, Paula, S1-OC02, PP-374

Gómez Navarro, C., PP-709

González Arellano, Camino, PP-023

Gómez Ojea, Rebeca, S11-FP01

González Bakker, Aday, S7-FP17
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González Barreiro, Carmen, PP-138

González Gómez, José Carlos, PP-096, S1FP10

González Barrios, Marta María, PP-421

González Gómez, Roberto, S2-OC06, PP055, PP-236

González Béjar, María, S6-FP28
González Bello, Concepción, S7-OC20, PP604, PP-613

González González, Francisco José, S3OC22

González Calbet, José M., PP-476

González Granda, Sergio, PP-287

González Campaña, María Araceli, S8OC05, S11-FP02, S13-FP08, S13-FP13, PP573, PP-711, PP-744, PP-765

González Jiménez, Marta, PP-334
González Lavín, Judith, S3-OC16

González Campo, Arántzazu, S13-OC02,
PP-247, PP-533, PP-713

González Lizana, David, PP-720

González Camuñas, Arturo, PP-702

González Marcos, José Antonio, PP-777,
PP-812, S14-FP27

González Cofrade, Laura, PP-846

González Martínez, M.a., PP-141

González Collado, Isidro, S15-OC01, PP843, PP-858

González Menéndez, Victor, PP-853, PP857, PP-865

González Coloma, Azucena, S15-OC07, PP837, PP-851, PP-863

González Morán, Sara, PP-272

González Cortés, Araceli, PP-155

González Mosquera, Marta Elena, S1-FP44,
PP-060, PP-061, PP-499

González Crevillén, Agustín, PP-174

González Mulero, Lucía, PP-175

González Cuesta, Manuel, S7-FP09

González Muñoz, Daniel, PP-382

González Díaz, Celedonio, S15-OC01

González Noya, Ana M., PP-585

González Domínguez, José M., PP-174

González Noya, Eva, S5-FP17, S5-FP20

González Elipe, A.r., PP-141

González Núñez, Raúl, PP-759

González Fernández, José Jorge, PP-167

González Orive, Alejandro, PP-854

González Forero, Danilo, PP-052

González Pedro, Victoria, PP-120

González Freire, Eva, S07-IL01

González Pérez, Maria Teresa, PP-757, PP765

González Gallardo, Nerea, PP-031

González Pérez De Madrid, Daniel, PP-110

González García, Jorge, PP-564, PP-602, PP603

González Rey, Elena, S7-OC11

González García, Lydia, PP-250

González Rodríguez, David, PP-521, PP-544,
PP-549, PP-557, PP-558, S11-FP05

González García, María Del Carmen, S8OC07, PP-546

González Rubio, Guillermo, S13-OC12

González Garcinuño, Álvaro, PP-827

González Saiz, Beatriz, PP-321, PP-368

González Garnica, Ana Isabel, S12-FP02

González Sáiz, José María, PP-177, PP-178
González Salas, Carlos, PP-839
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González Sánchez, Marina, PP-549

Griera Farrés, Rosa, S1-OC13, PP-302

González Tobío, Brais, PP-730

Grillo Dolset, Maria Jesus, S9-FP04

González Vadillo, Ana María, PP-459

Griñán Lisón, Carmen, S7-FP16

González Vázquez, Jesús, S5-OC07

Gross, Leo, PP-752, S13-FP09

González Velasco, Juan Ramón, PP-777, PP812, S14-FP09, S14-FP27

Gruene, Tim, S10-IL03
Gryko, Daniel T., PP-707

González Velázquez, Viviana J., S13-FP01

Grzelczak, Marek, S3-OC04, PP-516, PP679, S8-FP06, S9-FP04

González Vera, Juan Antonio, PP-122, PP133, PP-546, PP-574, PP-614

Grzonka, Justyna, S10-OC09

Gonzalo Navarro, Carlos, PP-437

Gu, Yuanyu, S12-FP06

Gonzalo Rico, Alberto, PP-381

Guadix, Juan A., S8-FP01

Goracci, Marianne, PP-681

Gualandi, Andrea, PP-024, PP-074

Gordón Pidal, José María, PP-184

Guerra Muñiz, Ana María, PP-447

Gorostiza, Pau, S8-FP10

Guerra-Castellano, Alejandra, S07-IL05

Gorris, Hans-Heiner, S09-IL01

Guerreiro, Ana, PP-645

Gotor Fernández, Vicente, PP-004, PP-287

Guerreiro Gómez, Enrique, PP-528

Gouda, Laxman, PP-085

Guerrero, Antonio, PP-030, PP-745

Goyard, David, S7-OC07

Guerrero Corella, Andrea, S1-FP06

Grabulosa, Arnald, S7-OC13

Guerrero-Esteban, Tamara, PP-140, PP-189

Gracia, Begoña, PP-604

Guerrero Irigoyen, Sara, PP-155

Gracia Lor, Emma, PP-191

Guerrero Martínez, Andrés, S13-OC12

Granados, Albert, PP-375

Guevara, Daniela, PP-419

Grancini, Giulia, S3-OC10

Guevara Vela, José Manuel, S5-OC08

Granell, Albert, S1-FP04

Guibal, Eric, PP-041

Granja Guillán, Juan Ramón, S07-IL01, S7FP11, S11-OC07, PP-551, PP-636

Guijarro, Albert, PP-761
Guijarro Espí, David, PP-096, S1-FP10

Grasa Aused, Alejandro, PP-015

Guillamón, Eva, PP-040

Grasselli, Gaia, S7-OC21

Guillem Navajas, Ana, PP-237

Gratacòs Batlle, Esther, PP-656

Guillén, Cecilia, S3-FP08

Greco, Rossella, S2-FP02

Guillén Miró, M.carmen, PP-091

Gregorio, Victor, S3-OC14, S3-OC22

Guillen Soler, Melanie, PP-411, S3-FP19

Gregorio Martinez, Víctor, S3-FP23

Guillena Townley, Gabriela, S1-FP36, PP031, PP-615

Grepioni, Fabrizia, PP-508
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Guiri, Chandan, PP-580

Guzmán Lorite, Miriam, PP-194

Guisado-Barrios, Gregorio, S6-OC05

Guzmán Puyol, Susana, S14-FP02, S14-FP20

Guisán Ceinos, Santiago, PP-580, PP-629,
S5-FP23
Guitián Rivera, Enrique Carlos, PP-715, PP721, PP-741

H

Gulías Costa, Moisés, PP-336
H. G David, Arthur, PP-545, PP-565

Guo, Xing, PP-133

Haarmann-Stemmann, Thomas, S1-FP41

Gutiérrez, Alazne, S14-FP23
Gutiérrez, Ángel, PP-348

Habib, Asmaa, PP-044, PP-575, PP-611, PP649, S7-FP14

Gutiérrez, Enrique, PP-509

Hahlin, Maria, S03-IL07

Gutiérrez, Mª Carmen, PP-787, S14-FP14

Halas, Naomi, PL1

Gutiérrez Blanco, Ana María, PP-051, PP084

Halsvik, Beate, PP-356
Hamilton, Alex, PP-048

Gutiérrez Collar, Aarón, PP-357

Hammer, Stephan, S5-FP08

Gutiérrez De Juan, Viginia, S7-OC16

Hanrieder, Jörg, S7-FP06

Gutiérrez Gálvez, Laura, S12-OC01, PP-156

Hao, Erhong, PP-133

Gutiérrez González, Alejandro, PP-581

Hao, W., S7-OC10

Gutiérrez Hernández, Sergio Valentín, PP775

Harbuzaru Harbuzaru, Alexandra, S13-FP07

Gutiérrez Lorenzo, Alazne, PP-802

Häring, Marleen, PP-706

Gutiérrez Martín, María Del Carmen, S14FP08

Harriswangler, Charlene, PP-577

Gutiérrez Puebla, Enrique, S10-OC04

Hartung, Frederick, S1-FP41

Gutiérrez Reguera, Javier, S13-OC06

Hartwig, John F., PL3

Gutiérrez Salazar, Mónica, S8-OC03

Harutyuyan, Syuzanna R., PP-281

Gutiérrez Sánchez, Cristina, S9-OC07, PP189

Hazari, Nilay, S6-FP05

Hartl, Frantisek, PP-526

Heard, Andrew, S11-OC09

Gutiérrez Sánchez, Cristina, PP-140

Hennessey, Seán, PP-236

Gutiérrez Tarriño, Silvia, S2-OC03

Heras Muñoz, Francisco, S14-FP22

Gutiérrez Victoriano, Luis, S16-FP07

Heras Vidaurre, Aránzazu, S9-OC06

Gutiérrez Zorrilla, Juan M., PP-235

Herce, Janira, PP-465

Guzmán, Jefferson, S10-FP04

Heredia Bayona, Antonio, S14-FP02

Guzmán Bernardo, Francisco Javier, PP-148
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Heredia-Guerrero, José Alejandro, S14FP02, S14-FP20

Hernández Muñoz, Sheila, S9-OC06
Hernández Niño, Jhon Sebastián, PP-419

Hermann, Mathias, PP-764

Hernández Pérez, Lorena, S14-FP15

Hermida Ramón, Jose Manuel, PP-097

Hernández Rivas, María, PP-727

Hermosilla, Tomás, PP-368

Hernández Ruiz, Raquel, PP-316

Hernán García, Esther, PP-503

Hernández Sigüenza, Guillermo, S11-OC02

Hernán-Gómez Robledo, Alberto, PP-046,
PP-065

Hernández Toledo, Hugo, S11-OC06
Hernando, Jordi, S8-FP10

Hernández, Ángela Patricia, PP-862

Hernando, M., PP-476

Hernández, Felix, PP-181

Hernando Muñoz, Carla, S13-OC06

Hernández, Frank J., PP-632

Herráez Hernández, Rosa, PP-171

Hernández, Paula, PP-821

Herran, Enara, PP-612

Hernández, Víctor, PP-847

Herranz, Rosario, PP-122, PP-574

Hernández Ainsa, Silvia, S12-OC07, PP-528,
PP-670

Herrer Jiménez, Lucía, S13-FP10

Hernández Ceballos, Miguel A., S14-FP08

Herrera González, Irene, PP-594

Hernández Contreras, Jordi, PP-125

Herrera Luna, Jorge Carlos, S1-OC19, S7OC20 PP-293, PP-384, PP-706

Hernández Córdoba, Manuel, PP-186

Herrera Martínez, Juan Manuel, S8-OC05

Hernández Corroto, Ester, PP-164

Herrera Miranda, Daniel, S13-OC02, PP247, PP-713

Hernández Creus, Alberto, PP-854
Hernández Daranas, Antonio Manuel, S15OC08, PP-112, PP-531, PP-844

Herrera Ochoa, Diego, PP-121, PP-686, S8FP14

Hernández Fernandez, Adrian, PP-796, PP809

Herrera Ramírez, Piedad, PP-625
Herrerías Larripa, Clara Isabel, PP-075

Hernández Fernández, Francisco José, PP795, PP-796, PP-809, PP-838

Herrero, Enrique, PP-416

Hernández Galán, Rosario, PP-872

Herrero, María Antonia, PP-755

Hernández Garcés, Judith, PP-622

Herrero, Marta, PP-830

Hernández Garrido, Juan Carlos, S3-FP01

Herrero, Santiago, PP-348

Hernández Jolín, Víctor, PP-526, PP-759

Herrero Chamorro, Maria Antonia, S13OC05, PP-728

Hernández López, Víctor Manuel, PP-842,
PP-871

Herrero Corral, Maria Teresa, PP-314

Hernández Mateo, Fernando, PP-204

Herrero Domínguez, Santiago, S7-FP01

Hernández Mesa, Maykel, S9-FP03

Herrero Foncubierta, Pilar, S8-OC07

Hernández Morales, Iker, PP-386
1430

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

Herrero Gómez, Pablo, PP-317, PP-322, PP442

Hu, Jiajun, S3-OC21
Hu, Yawen, S1-OC03

Herrero Martinez, Jose Manuel, S16-FP09

Huang, Feihe, PP-759

Herreros Lucas, Carlos, PP-411

Huang, Genping, S6-FP21

Hervieu, Cedric, S1-OC03

Huang, Y., S7-OC10

Hevia Freire, Eva, S6-FP07, S6-OC04

Huerta González, Andrea, PP-727

Hicks, Thomas, S7-OC21

Huerta Madroñal, Miguel, S12-OC09

Hidalgo, Asunción María, PP-840

Huertas Morales, Iván, PP-336

Hidalgo, Raquel, S1-OC01

Huertos, Miguel A., PP-455

Hidalgo Barquero, Juan Jesus, PP-089, PP090

Huertos Mansilla, Miguel Ángel, S6-OC12
Hueso Martos, Jose Luis, PP-688, S12-FP04

Hierso, Jean-Cyrille, S6-OC15

Hueso Ureña, Francisco, PP-593

Hisaki, Ichiro, PP-261

Humbrías Martín, Jorge, PP-290

Hlaváček, Antonín, S09-IL01

Hungria, Ana B., S10-OC09, PP-422

Hoang, Linh, PP-190

Hungría Hernández, Ana Belén, PP-003, PP077, S3-FP01

Hoehn, Sean J., S5-OC07
Hoffmann, Kurt F., S6-FP03

Hunt, Diego, PP-735

Hofkens, Johan, S8-OC04

Hurtado, Manuel, PP-483

Hofmann, Jan P., S10-OC10

Hurtado-Fernández, Elena, PP-167

Holgado, M., PP-141
Hopmann, Kathrin H., S6-FP05
Horcajada, Patricia, S16-OC08, S16-OC15,
PP-223, PP-242

I

Hormaza, Jose Ignacio, PP-167
Ibañez, Laura, S6-OC05

Horn, Devan, PP-334

Ibáñez, Raquel, PP-830

Hornillos Gómez-Recuero, Valentín, S1FP23, S1-FP25, S1-FP30, PP-283

Ibáñez, Susana, PP-523

Hortelano, Sonsoles, PP-846

Ibáñez De Luis, Marta, PP-111

Hortigüela, Lidia, PP-134

Ibáñez Ibáñez, Laura, PP-414

Horton, Peter, PP-770

Ibañez Mendizábal, Raquel, PP-806, PP-828

Hosono, Nobuhiko, PP-207

Ibañez Vives, Maria, PP-694

Hosseini, Mir Wais, PP-228

Ibarra Urruela, Borja, S11-FP06

Hou, Heting, S2-FP05

Ibarrola, Oihane, PP-612

Hoye, Robert L. Z., PP-722

Igareta, Nico V., S5-OC04
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Iglesias, Daniel, S13-IL02

Ivlev, Sergei, S6-OC01, PP-462

Iglesias Alonso, Manuel, S6-FP26, S6-OC13,
PP-438

Izcara Sierra, Sergio, PP-202
Izquierdo, Susana, PP-337

Iglesias Jiménez, Alejandro, PP-170
Iglesias Juez, Ana, S9-OC07

Izquierdo Bueno Reina, Inmaculada, PP843, PP-868

Iglesias Menduiña, Óscar, PP-351

Izquierdo Sánchez, Ignacio, PP-430

Iglesias Rojas, Daniela, PP-762

Izquierdo Sandoval, David, PP-181

Iglesias Salto, Guillermo, PP-699
Iglesias Sigüenza, Javier, S1-OC11, PP309,PP-339
Illa Soler, Ona, S7-FP05, PP-589, PP-598

J

Illán Cabeza, Nuria A., PP-484, PP-593

J. Divins, Núria, S2-OC02

Illán Gómez, María José, PP-008, PP-009

J. M. Miller, Alexander, S06-IL08

Illanes, José Francisco, S3-FP11

Jaafar Arias, Aida, PP-646

Illescas, Beatriz M., S7-OC03

Jabalera Ruz, Ylenia, PP-729

Illescas López, Sara, PP-668

Jalón Sotés, Félix Ángel, PP-437, PP-449

Illescas Martínez, Beatriz, PP-684, S13-FP05

Janeiro Rodríguez, Jesús, PP-741

Imaz Gabilondo, Inhar, S16-OC05, PP-540

Jang, Youngwoo, S13-OC01

Imran, Muhammad, PP-722

Jankowski, Piotr, S3-FP14, S3-FP23

Inclán, Mario, S8-FP12

Jannuzzi, Sergio Augusto Venturinelli, PP462

Infante Tadeo, Sonia, S7-OC12, S7-OC17,
PP-595

Janssen-Müller, Daniel, S1-FP14

Inoue, Rei, PP-024

Januzzi, Sergio A. V., S6-OC01

Insausti, Maite, PP-762

Jeandin, Aliénor, S1-FP38

Ioset, Jean-Robert, PP-852

Jelínek, Pavel, PP-744

Ipiales Macas, Ricardo Paul, S14-FP18, PP804

Jesus Vicent, Maria, S12-FP01, S7-FP13
Ji, Kangyu, PP-722

Irabien, Ángel, S3-OC18, PP-825, S14-FP30

Jiang, Liyin, PP-273

Irabien Gulias, Ángel, S14-FP25, S14-FP33,
PP-783, PP-832,

Jiao, Lijuan, PP-133

Iribarra Araya, Joseline, PP-247

Jiménez, A., S14-FP17

Isasi Marín, Josefa, PP-489, PP-503

Jiménez, Carlos, PP-839, PP-864, PP-870

Ishitani, Osamu, PP-024

Jiménez, César, PP-391

Isidro Elvira, Julia, S14-FP05

Jiménez, Gerardo, PP-377
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Jiménez, I M, PP-683

Jiménez Rosado, Mercedes, PP-745

Jiménez, Josué, PP-117

Jiménez Rupérez, M. Victoria, PP-027

Jiménez, María Consuelo, S1-OC19, PP613, PP-706

Jiménez Rupérez, Victoria, PP-016

Jiménez Águila, Claudio Andrés, S7-FP21

Jiménez Sanchidrián, César, PP-002, PP392, PP-393, PP-408

Jiménez Almarza, Alicia, PP-056

Jiménez Tenorio, Manuel, PP-446

Jiménez Aparicio, Reyes, PP-348

Jiménez Trujillo, Tania, PP-632

Jiménez Barbero, Jesus, S7-OC14, PP-624,
PP-850, S5-FP14, S5-FP15

Jiménez Villar, Josefina, PP-674
Jinks, Michael, S11-OC09

Jiménez Blanco, José L., PP-641

Johansson, Magnus, S06-IL04

Jiménez Blanco, José Luis, PP-605

Johnson, Ben A., PP-086

Jiménez Carretero, Mónica, PP-729

Jokiniemi, Jorma, PP-082

Jiménez Cejudo, Carmen, PP-863

Jonkheijm, Pascal, S7-FP20

Jiménez Gallego, Juan Ramón, S8-OC05

Jordá Faus, Pepe, PP-416

Jiménez García, Montaña, PP-382

Jorge, Herculys, PP-618

Jiménez González, Carlos, S15-OC03

Josa, Dana, S7-OC13

Jiménez Izal, Elisa, PP-029

José Cáceres Murillo, Julián, PP-399

Jiménez Izquierdo, Carlos, PP-402, S14FP31

Joseph, James, S12-OC07
Joseph, Jerelle A., S5-OC05

Jiménez Jimnez, Jose, PP-723

Joven Sancho, Daniel, S6-OC02

Jiménez López, Concepción, PP-699, PP729

Jover Modrego, Jesús, PP-103, PP-113, PP238

Jiménez Martín, Alejandro, PP-488, PP-506

Juan Ruiz Del Valle, Alberto, S6-OC14

Jiménez Martínez, Elena, PP-110, PP-805,
PP-816

Juanhuix, Judith, PP-540

Jiménez Merino, David, PP-421

Juárez Pérez, Emilio J., S3-OC11

Jiménez Molero, Maria Consuelo, S7OC20, PP-293, PP-311, PP-319, PP-384, PP623

Juliá, Fabio, S1-OC08
Juliá Hernández, Francisco, S6-OC08, PP448

Jiménez Moreno, Ester, PP-645

Julve, Miguel, S10-FP05

Jiménez Nosti, Alicia, PP-136, PP-153

Jumbo Nogales, Alba María, S8-FP06

Jiménez Osés, Gonzalo, S5-FP04, S5-FP14,
S5-OC06, S7-OC14, PP-353, PP-652

Junaquera, Elena, S13-OC12

Jiménez Pulido, Sonia B., PP-484, PP-593

Jurado, Lole, PP-039

Jiménez Rama, Raquel, PP-461

Jurado Palomares, Rocío, PP-574
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Jurado Sánchez, Beatriz, PP-197

Kleij, Arjan W., S6-FP21

Juríček, Michal, S13-FP08

Klymchenko, Andrey, S08-IL02

Just Baringo, Xavier, S1-OC17, PP-366

Knouse, K.w., S7-OC10

Juste Dolz, Augusto, PP-695

Knowles, Tuomas P. J., S12-OC07, S5OC05

Justicia, José, PP-134, PP-425

Koepf, Matthieu, S2-FP07

Justicia González, Jéssica, S14-FP22

Koert, Ulrich, PP-355, PP-385

Justo Vega, Ana, PP-188

Kollár, László, PP-362

Jørgensen, Mike, PP-456

Kong, Fanmiao, PP-770
Koranchalil, Sakhitha, PP-036
Kordestani, Nazanin, S6-FP27

K

Korili, S.a., S14-FP17

Kadu, Ajinkya Anul, S16-OC01

Kounde, Cyrille S., S7-FP10

Kaiser, Katharina, PP-752

Krainer, Georg, S5-OC05

Källquis, Ida, S03-IL07

Krul, Sarah E., S5-OC07

Kálmán, Ferenc Krisztián, S7-FP19

Kruse, Joscha, PP-516

Kanai, Motomu, S8-OC01

Krzystek, J., PP-507

Kandoth, Noufal, S6-FP28

Kumar, Sunit, S11-OC03

Kapteijn, Freek, PP-798

Kun Liu, Hua, PP-399

Karl Kuhn, Alois, PP-399

Kuzhir, Pavel, PP-681

Karr, Paul A., S11-OC01
Kastlunger, Georg, S13-FP03

L

Keen, David A., S10-IL01, S10-OC02, PP-495
Kerzig, Christoph, PP-319

Laage, Damien, S05-IL02

Khan, Il Son, S3-OC20

Labella Santodomingo, Jorge, PP-749

Khaskin, Eugene, S6-FP14

Lacalle Bergeron, Leticia, PP-181

Khiar, Noureddine, PP-298

Lacey, Matthew J., S3-OC24

Khobotov Bakishev, Akim, PP-266

Lacoma, Alicia, PP-198

Khodabakhshi, Saeed, S16-OC06

Ladero Galán, Miguel, PP-782, S14-FP19

Khusnutdinova, Julia, S6-FP14

Lafuente, Marta, PP-222

Kirillova, Mariia S., S1-OC03

Lafuente, Nuria, PP-697

Klaiber, Miguel, PP-187

Lafuente Gómez, Nuria, S12-FP07
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Lages, Marta A., PP-864

Lassaletta Simón, José María, S1-FP23, S1FP25, S1-FP30, S1-FP39, S1-OC11, PP-283,
PP-361, PP-309, PP-339

Lago Blanco, Ana Belén, PP-490
Laguna, M.f., PP-141

Lastra, Antonio, PP-223

Lähde, Anna, PP-082

Latorre, Ana, S7-FP23

Lahoz Díaz, Fernando José, S6-FP15, PP015, PP-429, PP-458, PP-474

Latorre Martínez, Antonio, PP-331
Latrous, Latifa, PP-147

Lahoz Zamarro, Fernando, PP-534

Lautens, Mark, S1-OC06

Laigre, Eugénie, S7-OC07

Lavandera García, Iván, PP-004, PP-287

Lajaunie, Luc, S3-FP01

Lavilla, Rodolfo, S1-FP41, S8-FP02

Lalinde Peña, Elena, S6-FP19, S8-FP05, S11OC05, PP-126, PP-676

Lawera, Zuzanna, PP-679

Lalli, Daniela, PP-634

Laz-Ruiz, Jose Antonio, PP-582

Lamarque, Laurent, S8-FP13

Lazaris, Foivos Sokratis, S7-FP20

Lamas, Alejandro, S07-IL01

Lázaro, Alberto, PP-168

Lamata Cristóbal, Pilar, PP-015

Lázaro Elorri, María Jesús, S3-FP22

Lampkin, John, S3-OC24

Lazaro Gomez, Andrea, PP-564

Landa Álvarez, Aitor, PP-343, PP-386

Lázaro Ronco, Noelia, PP-006, PP-080

Landa Medrano, Imanol, S3-FP17

Lazzari, Massimo, S14-FP24

Landaluce Álvarez, Nerea, PP-269

Le Bizec, Bruno, S9-FP03

Landart Gereka, Aritz, PP-507

Le Huec, Thibaut, S16-OC10

Lang, Kathrin, S07-IL07

Leal Duaso, Alejandro, PP-012

Langa, Fernando, S13-OC01

Learte Aymamí, Soraya, S7-OC06, PP-102,
PP-591

Lapcinska, Sindija, PP-719
Lara, Francisco J, PP-135

Leary, Edmund, PP-757, PP-764, PP-765,
S13-FP03

Lara Sánchez, Agustín, S6-OC14, PP-034,
S6-FP20

Lechuga Cruz, Daniel, PP-651
Lechuga Gómez, Laura, S12-IL01

Larrañaga, Aitor, PP-701

Ledo Romero, Ana, PP-502

Larrayoz Roldán, Ignacio, S8-FP05, PP-676

Lema Saavedra, Anxo, PP-110

Larriba Martínez, Marcos, PP-771, PP-807

Lemos Ramos, Manuel Luis, S15-OC03, PP870

Larumbe, Amaia, PP-317, PP-322, PP-442
Lasala, Fatima, PP-620

Lence, Emilio, PP-604, PP-613

Lasarte Aragonés, Guillermo, PP-057

Leo Llorente, Pedro, PP-212, PP-216

Lasarte Monterrubio, Cristina, PP-839

León, Rafael, PP-600
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León González, María Eugenia,

Lledó, Agustí, PP-532

León-González, María Eugenia, PP-145, PP201

Lledó Ponsati, Agustí, PP-559
Lledós, Agustí, PP-431

León Martinez, Rafael, PP-647

Lledós Falcó, Agustí, S5-OC04

Leonhardt, Alessandra, PP-738

Llopis, Natalia, S1-FP46

Leonori, Daniele, S01-IL05

Llor, Núria, PP-340

Lepareur, Nicolas, PP-577

Llor Brunés, Núria, PP-350

Lerena, Laura, PP-306

Llorca, Jordi, S2-OC02

Lerma Berlanga, Belén, S10-OC05, PP-226

Llorens Pascual Del Riquelme, Mercedes,
PP-823

Lete, Nerea, PP-762
Lettieri, Maria Grazia, S09-IL04

Llorent Martínez, Eulogio José, PP-087, PP169

Leyva Pérez, Antonio, S16-IL04, S16OC02, PP-020, PP-050, PP-067, PP-068, PP224, S2-FP02

Llorente, Alicia, PP-596
Lloret, Francisco, S10-FP05

Leyva Ramos, Roberto, S16-OC14

Lloret Fillol, Julio, S16-FP07

Lezama, Luis, PP-235, PP-762
Lhiaubet-Vallet, Virginie, PP-579

Lloret-Fillol, Julio, S06-IL08, S2-OC05, S6FP17, S6-FP28

Li, He, S3-OC24

Lloret Pastor, Francesc, PP-494

Li, Hongxiang, PP-526

Llovera Segovia, Pedro, S3-FP02

Li, Shiming, S8-OC02

Llusar, Rosa, PP-040, PP-042

Li, Yanhan, S3-FP16

Lobato Bajo, Justo, S14-FP29

Li, Yifan, PP-569

Lobera, M. Pilar, S3-FP16

Limburg, Bart, S13-FP03

Lobera González, María Pilar, PP-747, S3FP24

Limones Herrero, Daniel, PP-613

Lobo Castañón, Maria Jesus, S9-FP01

Linares Devia, Natalia, PP-859

Lobón Moles, Silvia, S7-FP16

Lindgren, Fredrik, S03-IL07

Lochenie, Charles, S8-OC06

Ling, Jesse, S01-IL08

Lombardi, Ángela, PP-763

Liras, Marta, S16-OC11, S3-OC01, PP-405,
S13-FP15, S3-FP12

Lombardi, Enrico B., PP-757

Liras Torrente, Marta, PP-404, S3-FP04

Lombardi, Federico, PP-770

Llamas Saiz, Antonio Luis, PP-411

Longhi, Giovanna, S13-OC09

Llana Ruiz Cabello, María, PP-674

López, Ana M., PP-337

Llauradó Capdevila, Gemma, PP-527

López, Belén, PP-018

Llebaria, Amadeu, PP-129, S8-FP13
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López, Fernando, S1-OC05, PP-581, S1FP13

López García, Clara, S10-OC04
López García, Icíar P., PP-126, S8-FP05

López, Fernando José, S1-FP12

López García, Ignacio, PP-186

López, Gartzen, PP-826, PP-829

López García, Luis Ángel, PP-370

López, Hender, S12-FP03

López Gil, Miguel Ángel, PP-184

López, Iciar P., PP-676
López, J. O., S7-OC10

López Haro, Miguel, S10-OC09, PP-003, PP073, PP-392, PP-476

López, José Antonio, PP-454

López Hernández, Isabel, S4-OC05

López, María, PP-697

López Lázaro, Miguel, PP-424

López, María Luisa, PP-390

López López, Modesto T., PP-483, PP-677,
PP-681

López, Raquel, PP-814

López Magano, Alberto, S3-FP21

López, Xabier, S6-OC12, S5-FP26

López Martín, Isabel, PP-557

López Beceiro, Jorge, S3-FP03, PP-475

López Martínez, Josefa Leticia, PP-013, PP866

López Cabrelles, Javier, S10-OC01, PP-231
López Calixto, Carmen G, S3-OC01

López Maya, Elena, S16-FP03

López Calvo, José Antonio, PP-441

López Mayán, Juan José, PP-193

López Chamorro, Carmen, PP-616

López Molina, Sònia, PP-602

López Coll, Ricard, PP-532, PP-559

López Montero, Ivan, S9-OC07

López Corbalán, Victoria, PP-551

López Moral, Alba, PP-690

López De La Torre, Mª Dolores, PP-651

López Moreno, Alejandro, PP-411, PP-734

López De Lacey, Antonio, S9-OC07

López Navarrete, Juan T., PP-526

López De Luzuriaga Fernández, José María,
PP-717

López Paz, J.l., PP-141
Lopéz Pérez, Jose Luis, PP-855

López Delgado, Francisco Javier, PP-582

López Prior, Teresa, PP-242

López Fernández, Ana María, PP-693

López Ram De Viu, Pilar, PP-776

López Fernández, José, PP-605, PP-641

López Ramón, María Victoria, PP-220, PP262, PP-265

López Francés, Adrián, S1-FP37, PP-301
López Francés, Antón, PP-038, S16-FP01

López Resano, Sara, PP-472

López Freire, Matilde, PP-868

López Rodríguez, Maria Luz, PP-586

López Gandul, Lucia, S11-FP08

López Romero, J. M., PP-861

López Garcia, Lucia, S1-FP42

López Sánchez, Belen, PP-001

López García, Andrés, PP-422

López Serrano, Elisa, PP-749

López García, Antonio, PP-345

López Serrano, Joaquín, PP-434
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López Sicilia, Irene, PP-545, PP-565, S11FP02

Lozano Rodriguez, Pedro, PP-045
Lozano-Torres, Beatriz, S16-OC10, PP-703

López Soria, Juan M., PP-312

Luaces Calvín, Antón, PP-741

López Suárez, Franz Edwin, S16-FP14

Lucchesi, Giacomo, PP-163

López Torres, Diego, PP-220

Lucena, Elena, PP-673

López Vinasco, Ángela María, PP-540

Lucena Rodríguez, Rafael, PP-057

Lopitz-Otsoa, Fernando, S7-FP24, S7-OC16

Lucherelli, Matteo Andrea, PP-660, PP-662

Lora Maroto, Beatriz, PP-117

Lucio, Anthony, S3-OC14

Loren, Guillem, PP-596

Lucío Benito, María Isabel, S9-FP02, PP-165

Lorent Martínez, Eulogio José, S4-OC09

Lucio Martínez, Fátima, S7-FP19

Lorente, Nicolas, S13-OC13, PP-743

Ludwig, Alfred, S2-FP09

Lórenz Fonfría, Víctor, S8-OC03

Luengo, Yurena, S12-FP07

Lorenzo, David, PP-831, S14-FP04

Luengo Ibarra, Naia, PP-269

Lorenzo Abad, María Encarnación, S12OC01, PP-140, PP-156, PP-189

Lugo Hernández, Marcos, PP-842
Luis, Josep M., S2-OC05, PP-033, S6-FP01

Lorenzo Fernández, David, PP-833, S14FP16

Luis, Santiaqo V, PP-536

Lorenzo Fojón, Carla, PP-518

Luis Luis, Josep Maria, S5-FP03

Lorenzo Morales, Jacob, PP-844, PP-845,
PP-854

Lumbreras Bustos, Raquel, PP-075
Luna, Jose, PP-855

Lorenzo Pérez, Beatriz, PP-822, S14-FP21

Luna, Monica, S12-OC01

Lores, Marta, PP-146

Luna Ramos, Jose, PP-851

Losantos Cabellos, Raúl, PP-354

Luque, Antonio, PP-568

Lostalé Seijo, Irene, S7-FP05, S8-FP09

Luque, Cristina, PP-861

Louleb, Marwa, PP-147
Loveday Rosquelles, Oliver, S10-FP03

Luque Álvarez De Sotomayor, Rafael, S16OC03, PP-006, PP-057, PP-069, PP-080

Lozano, David, S11-OC09

Luque Arrebola, Antonio, PP-269, S16-FP06

Lozano, Pedro, PP-004, PP-076

Luque-Gómez, Ana, S6-OC13, PP-438

Lozano Blanco, Luis Javier, PP-795, PP-838

Lv, Fan, PP-133

Lozano Castelló, Dolores, S16-OC13, PP232

Lyonnet, Julien, S1-FP14
Lyssaios, Fotios Alexandros, PP-837

Lozano Gorrín, Diego, PP-504
Lozano Martínez, Patricia, PP-785
Lozano Mena, David, PP-559
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M

Malpartida García, Irene, PP-069

M. Larráyoz, Igancio, PP-126

Mañas Nievas, María, S1-FP16

M. Padial, Natalia, S7-OC10, PP-226, S16FP03

Mañas Torres, Maria Del Carmen, S11FP02, PP-545, PP-677, PP-681

M. Rolfes, Katharina, S1-FP41
M. Ruiz, Alberto, S13-OC04

Manchado Cascón, Alejandro, PP-280, PP296

M.cole, Laura, S7-FP13

Mancheño Real, María José, PP-396

Macchiagodena, Marina, S5-FP19

Mancini, Luca, S8-FP12

Macia, María, PP-004

Mandado Alonso, Marcos, PP-106

Macías, María J, S7-OC06

Mandal, Debdeep, PP-435

Macias García, Iratxe, S7-FP24

Maneiro, Marcelino, PP-585

Macías Sánchez, Antonio José, PP-872

Maneiro Rey, Maria, S7-FP10

Madariaga, G, S10-OC08

Manjón Mata, Inés, PP-324

Maddock, Lewis, S6-FP07

Manna, Liberato, PP-722

Madrid Albarrán, Yolanda, PP-145, PP-191
PP-201

Mantecón Oria, Marián, PP-781

Madueño Jiménez, Rafael, S13-FP04

Manzano, Ana Isabel, PP-163

Maestro, M. Carmen, S1-FP08

Manzano Manrique, Blanca Rosa Lourdes,
PP-437, PP-449

Mañanas Torres, Mari C., PP-565

Manzaneda González, Vanesa, S13-OC12

Maestro Fernández, Alicia, S1-FP26

Maquieira Catala, Ángel, S9-FP02, S12OC02, PP-120, PP-141, PP-165,PP-695,

Magariños, Beatriz, S15-OC03
Maisanaba Hernández, Sara, PP-674

Marauri, Aimar, PP-516

Maisonneuve, Stephane, PP-610
Maisterra Udi, Maitane, PP-848

Marazuela Lamata, M. Dolores, PP-168, PP187

Maisuls, Iván, S6-OC06

Marchal Corrales, Juan Antonio, S7-FP16

Maksó, Lilla, PP-367

Marchesan, Silvia, S13-IL02

Maldonado Gavilán, Noelia, S7-FP23

Marcilla, Rebeca, S3-OC15, PP-407

Males, Alexandra, S7-FP09
Mali, Kunal S., PP-228, PP-738

Marco Colás, M.-Pilar, S7-OC01, S9OC01,PP-198

Mallada, Reyes, PP-222

Marco Marín, Clara, PP-604

Mallia, Ajith, S11-IL03

Marcobrualla, Joaquin, S12-FP06

Mallo, Natalia, PP-193

Marcos Atanes, Daniel, PP-335

Mallón, Laura, S2-FP05

Marcos Ayuso, Guillermo, S6-OC09, PP431, PP-445, PP-539
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Marcos Madrazo, Aitor, S14-FP30

Martín, Cristina, PP-121

Marcos Martínez, María Dolores

Martín, David, PP-078

Maréchal, Jean-Didier, S5-OC04, S7-OC06,
PP-100, PP-102, S5-FP28

Martín, Jesús, PP-852, PP-853, PP-857
Martín, Mª Ángeles, S14-FP14

Maréchal Pierre, Jean Didier, PP-109

Martín, Nazario, S16-OC06, S3-OC10, S7OC03

Marín Beloqui, José Manuel, S3-OC05
Marin Luna, Marta, PP-570, S5-FP06

Martín, Ruben, PP-349, S1-FP14, S1-FP15,
S6-FP05

Marín Miana, Iván, S13-FP10

Martín, Santiago, PP-352, S6-FP18

Marina, María Luisa, PP-164, PP-185, PP190, PP-194

Martín, Tomás, PP-531

Marina Alegre, Maria Luisa, PP-157, PP-182

Martín, Víctor S., PP-312

Mariño Pérez, Laura, PP-626

Martín Alfonso, José Enrique, PP-811

Markus, Robert, S11-IL03

Martín Alfonso, María José, S14-FP35

Marquès, Clàudia, PP-369

Martín Alfonso, María José, PP-801, PP-817

Marques, Fernanda, S7-FP18

Martín Álvarez, Cristina, S8-FP14, PP-556,
PP-686

Marques Lopez, Eugenia, PP-333, PP-334

Martín Conde, María, S5-FP17

Marqueses Rodrigues, José, S10-OC09

Martín Corral, Sergio, PP-013

Márquez, Pedro, PP-787, S14-FP08, S14FP14

Martín De Vidales, M.j., PP-409

Márquez García, Ana África, S4-OC09, PP087

Martín Del Valle, Eva M., PP-671, PP-700,
PP-827

Márquez-Cantudo, Laura, S5-OC03

Martín Diaconescu, Vlad, S6-FP01, S16FP07, S2-OC05

Márquez-Escudero, Inmaculada, S07-IL05

Martín Domínguez, Víctor, S14-FP19

Marrero López, David, PP-705

Martín Duque, Pilar, S12-FP04

Marset, Xavier, PP-031, S1-FP36

Martín Gamero, Paula, PP-670

Martello, Ilaria, PP-340

Martín García, María Trinidad, PP-470

Martí, Àlex, S1-FP18

Martín García, Nuria, S16-IL04

Martí Balaguer, Gerard, PP-059

Martín García, Víctor Sotero, PP-330, S1FP40

Martí Calatayud, Manuel César, PP-791,
S14-FP15

Martín García, Yaiza, PP-490

Martí Centelles, Vicente, S11-OC02, PP542

Martín Garrido, Narciso, PP-280, PP-296

Martí Gastaldo, Carlos, S10-OC05, PP-224,
PP-225, PP-226, S16-FP02, S16-FP03

Martín Illán, Jesús Ángel, PP-209, PP-237
Martín Labajos, Francisco, PP-488

Martín, Antonio, PP-212
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Martín León, Nazario, PP-684, S13-FP05

Martínez, Germán, PP-853

Martín Lopez, Celia, S14-FP34

Martínez, Hansi, PP-787

Martín Martín, Javier, PP-672

Martínez, Jordan, S3-FP07

Martín Martín, María, PP-383

Martínez, Jose C., PP-638

Martín Morales, Celia, PP-592

Martínez, José Luis, PP-509

Martín Pendás, Ángel, S5-OC08

Martínez, Laura, S7-OC06

Martín Perales, Ana Isabel, PP-069

Martínez, Manuel, PP-019

Martín Pérez, Lucia, S16-FP11

Martínez Abelairas, Adrián, PP-736

Martín Redondo, Mª Paz, PP-345

Martínez Aguirre, Mónica, S6-FP19

Martín Requero, Ángeles, S12-OC05

Martínez Andrade, Kevin, PP-865

Martín Rodriguez, Alejandro, PP-737

Martínez Bascuñana, Alba, S6-FP13

Martín Romera, Javier David, S7-FP22

Martínez Boza, Francisco José, PP-801, PP817

Martín Romero, María Teresa, S11-FP02,
PP-545, PP-565

Martínez Calvo, Miguel, PP-585

Martín Roncero, Alejandro, PP-360, PP-642

Martínez Camarena, Álvaro, PP-576

Martín Ruiz, Tomás, PP-070

Martínez Campos, Enrique, PP-687

Martín Sabanes, Natalia, PP-704, S11-FP06,
S13-FP14

Martínez Castro, Laura, PP-102
Martínez Cebeira, Montserrat, PP-439, S1FP45

Martín Salgado, Mateo, S13-OC06
Martín Santamaría, Sonsoles, S7-OC15, S5FP11

Martínez Costas, Jose Manuel, PP-621
Martínez Crespo, Luis, PP-543

Martín Santos, María De Los Ángeles, S14FP08, PP-787

Martínez Cuezva, Alberto, PP-530, PP-570
Martínez De Marigorta, Edorta, PP-301, S1FP37

Martín Serrano Ortiz, Ángela, S4-OC04, S7OC07

Martínez Espinosa, Rosa M., PP-615

Martín Soláns, Santiago, PP-766, S13-FP10

Martínez Estévez, Mónica, PP-502

Martín Tello, Antonio, S6-OC02

Martínez Fábregas, Jonathan, S07-IL05

Martín Torres, Inmaculada, S1-FP21, PP329

Martínez Fernández, Claudio, PP-351

Martínez, Abelardo, S12-FP06

Martínez Fernández, Lara, PP-111

Martínez, Alba, PP-521

Martínez Gómez, A., S3-OC22

Martínez, Alfredo, PP-645

Martínez Gómez, María Aránzazu, PP-727

Martínez, Ana, PP-620

Martínez Gualda, Ana María, S1-FP06

Martínez, Fernando, PP-212

Martínez Ibañez, Maria, S3-OC13
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Martínez Ilarduya, Jesús M, S6-OC09

Martínez Ruiz, Paloma, PP-665

Martínez Junquera, Mónica, S11-OC05

Martínez Sal, Joaquín, PP-027

Martínez Juvés, Carles, S8-FP13

Martínez Yañez, Nuria, PP-007

Martínez Laguna, Jonathan, S6-FP18

Martorell, Sara, S12-OC02

Martínez Lillo, Francisco José, PP-494

Martos González, Mario, PP-005

Martínez Lorenzo, Mª Victoria, PP-785

Martos Sánchez, Carmen, PP-216

Martínez Máñez, Ramón, S11-OC02, PP542

Marzo, Leyre, S1-OC04, S1-FP06
Marzullo, Paola, PP-340

Martínez Máñez, Ramón, PP-673

Mas, Marta, PP-713

Martínez Martínez, Ana, PP-258

Mas Ballesté, Rubén, S2-OC07, PP-056, S3FP21

Martínez Martínez, Antonio, PP-444
Martínez Martínez, Antonio J., S6-OC16,
S6-FP08, PP-430

Mas Marzá, Elena, PP-062
Mas-Marzá, Elena, PP-030, PP-085

Martínez Martínez, Guillermo, PP-615

Más Montoya, Miriam, S13-OC08, S3OC12, S3-FP10

Martínez Martínez, Isabel, PP-687
Martínez Martínez, Jesús Ignacio, PP-733

Mascareñas, José Luis, S7-OC06, PP-102,
PP-591, PP-621, S1-FP13

Martínez Martínez, Virginia, PP-117

Mascareñas Cid, José Luis, PP-335, PP-336,
PP-581, PP-653, PP-657, S1-FP12, S7-FP07

Martínez Matamoros, Diana, S15-OC03,
PP-864

Masdeu Bultó, Anna Maria, PP-058

Martínez Melero, María, PP-347

Maser, Wolfgang K., PP-174

Martínez Moro, Rut, PP-196
Martínez Navarrete, Gema, PP-661

Maseras, Feliu, S6-OC11, PP-472, S5-FP01,
S5-FP18

Martínez Navarro, Fabiola, PP-402, S14FP31

Masgrau Fontanet, Laura, PP-109
Masia, Esther, S7-FP13

Martínez Núñez, Emilio, PP-110

Maspoch Comamala, Daniel, S16-IL02, S16OC05, PP-266, PP-540

Martínez Olmos, Antonio, PP-204
Martínez Ordóñez, J. Daniel, S7-OC14

Masson Makdissi, Jeanne, S1-OC06

Martínez Parra, Jose María, S11-FP01

Masuhara, Hiroshi, S8-OC04

Martínez Parra, Lydia, S12-OC04

Mata, Jose, S3-OC17, PP-388

Martínez Pérez Cejuela, Héctor, S16-FP09

Mata, José A., S6-OC05, PP-414, S6-FP18

Martínez Periñán, Emiliano, PP-189

Mata, José Antonio, PP-030

Martínez Pinel, Álvaro, PP-742

Mata, Luis, PP-162

Martínez Prieto, Luis Miguel, S13-FP02, S2FP06

Mata Martínez, José A., PP-443
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Matador, Esteban, S1-OC11

Mayo, Paloma, PP-600

Matamoros Recio, Alejandra, S5-FP11

Mayol Hornero, Beatriz, PP-665

Matěj, Adam, PP-744

Mayoral Muñoz, María José, PP-558

Mateo, Diego, S3-OC20

Mayorga, C, PP-683

Mateo, Luis, S13-OC13

Maza Quiroga, Ricardo José, S6-FP09

Mateo, Luis M., PP-743

Mazarío, Jaime, S3-FP07

Mateo Alonso, Aurelio, S11-OC08

Mazuelo, Tania, S13-FP15

Mateo De Doni, Luis Manuel, PP-715

Mazuelo Santos, Tania, PP-405

Mateos, Javier, S1-OC12

Mazzeo, Giuseppe, S13-OC09

Mateos Gil, Jaime, PP-291

Mcdonald, I. M., S7-OC10

Mateos López, Borja, S7-FP24

Meabe, Leire, S3-OC13

Mateos Martín, María Luisa, S7-OC11

Meazza, Marta, PP-131

Mateos Pujante, Alejandro, PP-623

Medel, Asier, PP-499

Mates-Torres, Eric, S3-OC08, PP-025

Medel García, Asier, PP-060

Matheu Malpartida, M. Isabel, S1-FP04, S7FP02

Medel Gonzalez, Maria, PP-694
Medel Miranda, Miguel Angel, PP-711

Matile, Stefan, S11-IL04

Medel-Gonzaleza, Maria, S12-FP01

Matín Salgado, Mateo, PP-280

Medina, Dana, S16-OC09

Matito, Eduard, S5-FP26, S5-FP27

Medina, Tania, PP-307

Mato, José M., S7-OC16

Medina Vargas, Judith Elizabeth, PP-443

Mato, Mauro, PP-423

Medinilla, Lidia, PP-398

Mato De La Paz, José María, S7-FP24

Megia Fernandez, Alicia, S7-OC18

Matos, Juan, S16-IL05

Mehany Abdellatif, Taha, PP-177

Matxain, Jon Mattin, S6-OC12

Meijer, E. W., S11-FP09

Mauleón Pérez, Pablo, S1-FP01, PP-341

Meijide Suarez, Jorge, S11-OC09

Maurin, Guillaume, S12-FP06

Meischein, Michael, S2-FP09

Mavrandonakis, Andreas, S10-FP01

Mejías Pérez, Nayara, PP-706

Mavrantonakis, Andreas, S3-OC15

Mejuto, Carmen, S6-OC05, PP-414

Máximo, Fuensanta, PP-840

Melchionna, Michele, S13-IL02

Maxwell, Lindley, PP-767

Melchor, Juan Manuel, PP-483

Maya, Celia, PP-461, PP-470, S6-FP23

Melendo Domingo, Irene, PP-482

Mayandi Subramaniyam, Chandrasekar,
PP-399

Melguizo, C., PP-861
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Melguizo Guijarro, Manuel, PP-344, PP651, PP-658

Mickert, Matthias J., S09-IL01
Middel, Christoph, PP-355

Melillo, Arianna, PP-255, S16-FP01

Mielczarek, Marcin, PP-612

Melinde, G., S6-OC15

Mielgo Vicente, Antonia, S1-FP29

Melle-Franco, Manuel, S16-IL03

Migliavacca, Martina, PP-245, PP-659

Melón Jiménez, Pablo, PP-092
Mena, Miguel, PP-046

Miguel, Delia, PP-116, PP-631, PP-711, PP765

Mena, Sofia, PP-572

Miguel Álvarez, Delia, S13-OC09, PP-757

Mena Gutierrez, Sandra, PP-568, S16-FP06

Miguel Arias, Selma, PP-459

Mena Montoro, Miguel, PP-065

Miguel Ávila, Joan, S7-FP07, PP-591

Mendes, Paula, PP-606

Miguel Casañ, Eugenia, PP-497

Mendicuti, Francisco, PP-605

Miguel-Casañ, Eugenia, S10-OC01

Mendive-Tapia, Lorena, S8-OC06

Miguélez Moreno, Rubén, PP-358

Mendoza Cantos, Gracia, PP-696

Míguez Lago, Sandra, S8-OC05, S13-FP08

Mendoza Mendoza, Esmeralda, S16-OC14

Mihailov, Nina, PP-429

Menéndez Sastre, Miguel, S14-FP10

Milán, Paula, PP-697

Meneses Sánchez, Diego, S1-FP07

Milán Rois, Paula, S12-FP07

Menjón Ruiz, Babil, S6-OC02

Milián, Ana, PP-338

Mercer, S. E., S7-OC10

Millán, Alba, PP-765

Mercero, José M., PP-029

Millán, Ángel, S12-FP06

Merino, Isabel, PP-357

Millán Delgado, Alba, PP-742, PP-757

Merino, Pedro, S1-OC11

Millán Fernández, Gonzalo, S8-FP05

Merino Filella, Pedro, S5-FP05

Millet, Oscar, S7-OC16

Merino García, Iván, S14-FP33

Millet Aguilar-Galindo, Óscar, S7-FP24, PP633

Merino Guijarro, Sonia, PP-728

Mills, Bethany, S7-OC18

Merino Marcos, Estíbaliz, S1-OC03, PP-304

Min, Yuanyuan, S6-OC15

Mesa, Camilo, PP-062

Minakata, Satoshi, PP-748

Mesa Zamora, Camilo Arturo, PP-051, PP084

Mínguez Espallargas, Guillermo, S10-OC01,
PP-215, PP-231, PP-497, PP-553, PP-712,
S14-FP26

Mesias, Marta, PP-175
Mestre Beltrán, Sergio, PP-791

Minunni, Maria, S09-IL04

Mestre Ventura, Jordi, PP-285

Miranda, Miguel Ángel, PP-613

Micale, Giorgio, S14-IL03

Miranda Alcázar, Silvia, PP-572
1444

XXXVIII Reunión Bienal de la Real Sociedad Española de Química (RSEQ) Granada, 2022

Miranda Alonso, Miguel Angel, S7-OC19,
PP-579, PP-609, PP-627, PP-628

Monge Fernández, David, S1-OC11, PP339, S1-FP39

Miranda Castro, Rebeca, S9-FP01

Monge Oroz, Miguel, PP-717

Miranda Vera, Carolina, PP-862

Monrabal, Francesc, PP-317, PP-322, PP442

Miravet Celades, Juan Felipe, PP-693

Monreal Corona, Roger, PP-364

Mishra, Shantanu, PP-752

Montà González, Giovanni, S11-OC02, PP542

Misol Gallego, Alexander, PP-488, PP-506
Modicom, Florian, PP-510

Montagut, Enrique, PP-198

Molander, Gary A., PP-375

Montalbán, Mercedes G., PP-821

Molina, Elena, PP-184

Montañés, María Teresa, S14-FP15

Molina, Francisco, PP-305, PP-432, PP-471

Montañés Gil, Laura, PP-051, PP-084

Molina Canteras, Juan, PP-317, PP-322, PP442

Montañez, M I, PP-683

Molina Inzunza, Diego Orlando, S15-OC07

Montenegro, Javier, S7-OC03, S11-FP01,
S7-FP05

Molina Serrano, Antonio Jesús, S3-FP22

Montenegro, María F., S8-FP04

Molina-Ontoria, Agustín, S3-OC10

Montenegro García, Javier, S8-FP09

Molinari, Medea, S1-FP22
Moliner, Nicolás, S10-FP05

Montero Calle, Ana, PP-151, PP-154, PP173

Moliner Ibáñez, Vicente, S5-FP12

Montero Lanzuela, Eva, PP-038, PP-255

Moliner Martínez, Yolanda, PP-139, PP-142

Montero-Calle, Ana, S9-OC05

Moliner Ruiz, Fernando Nicolás, PP-494

Montes Correal, Cristina, PP-195

Molins Legua, Carmen, PP-180

Montes De Oca Estrada, Iván, S7-FP08

Moll Dos Santos, Luis, S7-OC22

Montesinos Seguí, Emilio, S7-OC22

Mollar Cuni, Andrés, PP-030, PP-388, PP443, S6-FP18

Montesinos-Magraner, Marc, PP-299
Monti, Andrea, PP-433

Mollari, Leonardo, PP-382, S1-FP06

Montiel, María Claudia, PP-840

Mollinedo, Faustino, PP-360, PP-642

Montiel, Vicente, S3-OC18

Momier, David, PP-681

Montilla, Marc, S6-FP01

Mon Conejero, Marta, PP-050, PP-067

Montilla Ramos, Francisco Javier, PP-424

Monaco, Serena, S7-OC21, PP-639

Montilla Verdú, Salvador, PP-009

Monasterio, Romina P., S09-IL02, PP-088

Montoro, Carmen, PP-234, S16-FP05

Monge, María Ángeles, PP-509

Montoro Cano, Carmen, S10-OC03

Monge Bravo, María Ángeles, S10-OC04

Montoro García, Carlos, PP-558
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Moonshiram, Dooshaye, PP-733

Moreno Da Silva, Sara, PP-733

Moore, Jeffrey, PP-759

Moreno Fernández, Alberto, PP-032

Mora Forte, Pablo, PP-320

Moreno García, Mª Teresa, S11-OC05, PP126

Mora Fuentes, Juan Pedro, S13-FP13

Moreno Gordaliza, Estefanía, PP-168, PP170, PP-187

Mora Gómez, Julia, PP-791
Moraga, Javier, PP-834, PP-843

Moreno Gutiérrez, Irene, PP-035, PP-066

Moral Rodríguez, Adriana Isabel, S16OC14, PP-263, S16-FP13

Moreno Guzmán, María, PP-184
Moreno Martínez, Paula, PP-838

Morales, Adrián, S15-OC04

Moreno Oliva, Maria, PP-748

Morales, Enrique, PP-418

Moreno Olivares, Juan D., S10-FP06

Morales, Francisco J., PP-175

Moreno Rodríguez, Anabel, S1-FP11

Morales, Juan Carlos, S7-OC11

Moreno Rodríguez, Nazaret, PP-298, S1FP35

Morales Alayón, Aroa, PP-871
Morales Amador, Adrián, PP-842

Moreno Sánchez, José María, PP-477

Morales Cámara, Samuel, PP-071

Moreno Sánchez Gil, Inmaculada, PP-619

Morales Reina, Sara, PP-629

Moreno Simoni, Marta, S11-OC03

Moran, Joseph, S01-IL10

Moreno Vargas, Antonio J., PP-353, PP-644

Morán-González, Lucía, S5-FP01

Morenoloshuertos, Raquel, S12-FP06

Morandi, Bill, S6-FP04

Moretti, Arianna, S3-FP17

Morant, Marc, PP-756

Moretto, Alessandro, S7-FP11

Morant Miñana, Maria Carmen, S3-FP15

Morgenstern, Bernd, S6-FP10

Morante Zarcero, Sonia, PP-202

Mori, Mattia, PP-328

Morcillo Martínez, Sara Patricia, S13-OC09,
PP-134, PP-711

Morris, May, PP-702
Mosquera, Jesús, S11-FP09

Moreda Piñeiro, Antonio, PP-188, PP-193

Mosquera Mosquera, Jesús, PP-736

Moreno, Florencio, PP-117

Mota, Antonio J., PP-134

Moreno, Juan José, S6-OC07

Mota Ávila, Antonio José, S13-OC09, PP114

Moreno Alcántar, Guillermo, S11-OC06
Moreno Angosto, José Manuel, PP-794

Moth-Poulsen, Kasper, PP-415, S7-FP06

Moreno Bondi, María Cruz, S09-IL01, PP163

Motta, Maria Angela, PP-701
Moutaoukil, Zakaria, PP-446

Moreno Carretero, Miguel N., PP-593

Moutin, Enora, S8-FP13

Moreno Cruz, Carlos, S8-OC05, PP-711

Moya, Ferran, PP-101
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Moya Álamo, Cristian, PP-588

N

Moyano Baldoire, Albert, S1-FP07
Mu, Manting, S6-FP07

Nadal Rodríguez, Pau, S8-FP02

Mueller, Thomas J. J., S13-IL03

Nagy, Enikő, PP-362

Mujica, Vladimiro, S13-OC09, PP-757

Nagymihály, Zoltán, PP-362

Müller, Carsten, S6-FP03

Nahimana, Aimable, PP-644

Müller, Felix, PP-511

Nainytė, Milda, PP-511

Müller, Jens, S07-IL04

Najafabadi, Seyyed A. N., PP-252

Müller, Patrick, S6-FP04

Najera, Francisco, S8-OC02, PP-561, S7FP06, S8-FP01

Munarriz Tabuenca, Julen, S6-OC13, PP115, PP-438

Nakadi, Flavio, S9-OC03

Muñoz, H.j., S14-FP17

Nakal, Alberto, PP-669

Muñoz, Lourdes, PP-129

Nannini, Leonardo J., S1-FP24, PP-313

Muñoz, Miriam, PP-849

Napal, Jon, PP-568

Muñoz Bonilla, Alexandra, PP-420

Napolitano Tabares, Patricia Isabel, PP-490

Muñoz Dorado, Manuel, PP-013, PP-866

Naranjo, Cristina, PP-524

Muñoz Galindo, Josué, PP-728

Naranjo, Teresa, S16-OC11, PP-405, S13FP15

Muñoz Nuñez, Carolina, PP-420

Naranjo Calderón, Cristina, S11-FP08

Muñoz Padial, Natalia, S10-OC05, PP-225,
PP-250, S7-FP22

Naranjo Chacon, Alicia, S13-FP14

Muñoz Páez, Adela, S04-IL02

Naranjo Sánchez, Teresa, PP-404, S3-FP04

Muñoz Resta, Ignacio, PP-693

Narayan, R., S7-OC10

Muñoz Sandoval, María José, PP-186

Nasrallah, H., S6-OC15

Muñoz Torres, Miguel Angel, PP-363

Nastri, Flavia, PP-763

Muñoz-Molina, José M., PP-305

Natale, Paolo, S9-OC07

Muñumer, Pablo, PP-587

Navalón, Sergio, S3-OC09, PP-038, PP-255,
S16-FP01, S16-FP03

Murcia Almagro, María Dolores, PP-774

Navarro, Amparo, S8-OC07, PP-484

Murciano-Calles, Javier, PP-638

Navarro, Francisco Javier, S14-FP35

Murillo Vidal, María, PP-257

Navarro, Jorge, PP-226

Mustieles Marin, Irene, PP-540

Navarro, Jorge A. R., S10-FP02

Myers, William K., PP-770

Navarro, Mªángeles, PP-391

Mª Ares Sacristán, Ana, S4-OC06

Navarro, Rafael, S12-FP06
Navarro Alapont, Javier, PP-254
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Navarro Domínguez, Francisco Javier, PP801

Nielsen, Martin, PP-036, PP-049, PP-456
Nieto, Carlos T., PP-280, PP-296

Navarro Gil, África, PP-772

Nieto, J.a., S3-FP20

Navarro I Maestro, Laia, PP-726

Nieto, Susana, PP-076

Navarro Madramany, Pablo, PP-576

Nieto Carmona, Juan Carlos, PP-325

Navarro Poupard, María Fernanda, PP-211,
PP-245, S16-FP12

Nieto Jiménez, Celia, PP-700
Nieto López De La Nieta, Lucía, PP-148

Navarro Rascón, Amparo, PP-593

Nieto Mesa, Pedro Manuel, PP-594

Navarro Sanz, Marta, PP-034

Nieto Ortega, Belén, PP-733

Navarro Utiel, Rocío, PP-137, PP-152

Nieto Ortiz, Gema, PP-684

Navarro Vázquez, Armando, S15-OC09

Nieto Sanchez, Alberto J., PP-214

Navarron Rascón, Amparo, S8-FP07

Ñiguez Elena, José Antonio, PP-022

Navo Nájera, Claudio Daniel, S5-FP04, S5FP14, PP-353, PP-652

No, Joo Hwan, PP-852

Nazeeruddin, Mohammad K., S3-OC10

Nocchi, Nathália, PP-842, PP-847, PP-854,
PP-871

Nebreda, Angel, PP-596

Noel, Timothy, S1-FP05

Negro, Cristina, PP-206

Nogal, Noemí, PP-588

Negro Ruiz, Cristina, S16-FP09

Nogal Rodríguez, Noemí, PP-629

Neira, I, PP-513

Nogueira, Mariana, PP-130

Neira, Iago, PP-514

Nogueiras, Rubén, S7-OC16

Nemes, Norbert, PP-509

Nojiri, H., PP-507

Nencioni, Alessio, PP-644

Nonell, Santi, S8-OC01, S8-OC04

Nepravishta, Ridvan, S7-OC21, PP-639

Norrby, Per-Ola, S6-FP25

Neri, Gaia, S3-OC08, PP-025

Nova, Ainara, S06-IL06

Neumann, Karoline, PP-326

Nova, Ainara, S6-FP23

Nevado, Cristina, S1-OC03

Nova Fernández, José Luis, PP-382

Ni, Zhenwei, PP-049

Novelli, Federica, S07-IL01, S7-FP11

Nicasio Jaramillo, Maria Del Carmen, S6FP23, PP-433, PP-461, PP-470

Novio, Fernando, PP-690

Nicholas, James D., PP-527

Novo Valencia, Paula, S7-FP08

Nichols, Richard, S13-FP03

Novoa, Trinidad, S10-IL02

Nicolás García, Tomás, PP-572, S11-FP06

Nóvoa Cid, Maria, S3-OC07

Nicole Dalby, Kim, S2-FP08

Nóvoa Rodríguez, Luis, PP-383

Nieddu, Mattia, S8-FP05

Nuevo Vialás, Daniel, PP-028
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Nuñez, Gonzalo Dario, PP-043

Oliveras Rovira, Àngel, S7-OC22

Núñez Aguilera, Rosario, S13-FP05

Olloqui Sariego, José Luis, S2-OC03, S3FP07

Núñez Franco, Reyes, S5-OC06, S7-OC14,
S5-FP14

Olmo-García, Lucía, S09-IL02, PP-088, PP138, PP-160, PP-167

Núñez Martínez, Manuel, PP-751

Olmos, Andrea, S1-OC09, PP-277

Núñez Rico, José Luis, PP-238

Olmos Vergé, Andrea, PP-271, PP-347

Núñez Sánchez, Sara, PP-758

Olson, R.e., S7-OC10
Oltolina, Francesca, PP-699
Oltra Ferrero, Juan Enrique, S1-FP16

O

Oña Burgos, P., PP-035
Oña Burgos, Pascual, S2-OC03, PP-013, PP066, S13-FP02, S3-FP07

Oberli, Solene, PP-733
Obieta Salegui, Maria, PP-314

Onrubia Calvo, Jon Ander, PP-777, PP-812,
S14-FP09, S14-FP27

Obón De Castro, José María, PP-794, PP810
Obregon Gomez, Ines, PP-597

Oquist Phillips, Mayra Paola, PP-586, PP624

Obst, Marc F., S6-FP05

Oramas Royo, Sandra M., PP-846

Ocaña, Alberto, S6-OC14, PP-556

Orcajo, Gisela, PP-212

Ocón, Pilar, PP-209

Orcajo Rincón, Gisela, PP-216

Odena, Carlota, S6-FP05

Ordeix Utiel, Sergi, PP-350

Odriozola-Gimeno, Mikel, S5-FP25, PP-317,
PP-322, PP-337, PP-442

Orduna Catalán, Jesús, S3-OC06, S6-OC02

Oeschger, Raphael, S06-IL01

Oriol Langa, Luis, PP-528, PP-672, PP-674,
PP-696

Oestreicher, Víctor, PP-660, PP-708, PP709, PP-735

Orlando, Tainara, PP-530

Ogalla Estévez, Gala, S1-FP21, PP-329

Oropeza, Freddy Enrique, S10-OC10, PP014

Olaizola, Irene, S5-FP25

Oroz, Paula, PP-648

Olaizola, Paula, S5-FP25

Oroz Mateo, Paula, PP-652

Olazar, Leire, PP-803, PP-829

Orozco, Santiago, PP-789, PP-803

Olazar, Martin, PP-789, PP-803

Orriach Fernández, Francisco José, PP-658

Oliva, Mónica, PP-042
Oliva Alcubierre, Miriam, PP-784

Orte, Angel, S7-OC02, S8-OC07, PP-122,
PP-133, PP-546, S13-FP08

Oliveira, Marilia R., PP-412

Orte Gutiérrez, Ángel, PP-574, PP-614

Oliver-Meseguer, Judit, S2-FP02

Ortega, Josu, PP-535
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Ortega, María J., PP-849

Otero, Daniel, S1-FP32

Ortega, Salvadora, PP-840

Otero Martínez, Clara, PP-722

Ortega Álvarez, Pablo, S1-FP26

Otero Riesgo, Sergio, PP-007, PP-081

Ortega Caballero, Fernando, PP-641

Otero-Blanco, Darío, PP-116

Ortega Muñoz, Mariano, PP-204

Ozbek, Nagihan, PP-698

Ortega Saavedra, Juan, PP-822, S14-FP21

Ozcelik, Ani, PP-485

Ortí Guillén, Enrique, S11-FP04, S13-OC10,
PP-215, PP-550, PP-553

Ozerov, M., PP-507

Ortigueira Amor, Juan Manuel, PP-452
Ortín Fernández, Javier, PP-111
Ortin Remon, Irene, S7-OC05

P

Ortín-Rubio, Borja, S16-FP04

P. Herrera, Raquel, PP-047, PP-333

Ortiz, I., PP-409
Ortiz, Inmaculada, PP-792, S14-FP03

Pacheco Liñán, Pedro J., S8-FP14, PP-121,
PP-556, PP-686

Ortiz Gómez, Inmaculada, PP-150, S8-FP07

Padial Jaúdenes, María, PP-546

Ortiz Jimenez, Miguel Angel, S14-FP31

Padilla, Rosa, PP-036, PP-049

Ortiz Martínez, Víctor Manuel, PP-795, PP809, PP-838

Padilla Pérez, Maria Del Carmen, S7-FP17

Ortiz Mellet, Carmen, PP-594, PP-605, PP610, PP-641, S7-FP09, S7-FP17

Padrón, Juan I., PP-312

Padrón, José Manuel, S7-FP17

Padrón Hernández, Wendy Yaznay, PP-229

Ortiz Sainz De Aja, Alfredo, PP-806

Padrón Peña, Juan Ignacio, S15-OC05, PP330, S1-FP40

Ortiz Uribe, Inmaculada, PP-806, PP-820,
S14-FP11, S3-FP06

Pagliai, Marco, S5-FP19

Ortiz-Vitoriano, Nagore, PP-398

Paiva Feener, Rafael, PP-505

Ortuño, Ana María, S13-OC09, PP-116, PP131

Pal, Robert, PP-117

Ortuño, Manuel Angel, S16-OC03

Palacios, Francisco, PP-301

Ortuño Guzman, Ana María, PP-757

Palacios, M. A., PP-507

Orue, Iñaki, PP-762

Palacios, Òscar, S07-IL02

Orvay, Francisca, PP-552

Palacios Burgos, Juan José, PP-757

Oskam, Gerko, PP-229

Palacios López, María Ángeles, PP-477

Osthues, Helena, S6-OC06

Palacios Santander, Jose María, S3-FP01

Otaegui Ameztegui, Laida, S3-FP15

Paladines Quezada, Diego F., S10-FP06

Otárola Tejada, Guillermo Germán, PP-304

Palenzuela Rebella, Sandra, PP-404, S13FP15
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Palladino, Pasquale, S09-IL04

Pardo Pardo, Fernando, PP-775

Pallaruelo Lahoz, Silvia, PP-474

Paredes, José Manuel, PP-116, PP-119, PP122

Palma, Alberto, S9-OC02

Paredes, Juan Ignacio, PP-398

Palma López, Alberto José, PP-204

Paredes Martínez, José Manuel, S13-OC09,
S7-FP16

Palma Manrique, Rosa María, PP-176
Palma Ramírez, Pilar, S6-FP02

Parejo, Concepción, S13-OC01

Palomino, Carlos, PP-212

Parella, Teodor, PP-540, S6-FP01

Palomino Cabello, Carlos, PP-243, PP-244,
PP-251, PP-253

Pariente Alonso, Félix, PP-140, PP-156, PP189

Palomino Ruiz, Lucía, PP-765

Parra, Margarita, PP-125, PP-128, PP-130

Palomo, José, PP-798, S14-FP12

Parra Cadenas, Blanca, PP-463

Palomo, Valle, S12-OC05

Parra Ipiña, Onintze, PP-790, S14-FP28

Palomo Jiménez, José, S14-FP13

Parra Torrejón, Belén, PP-481, PP-677, S10FP06

Palomo Marín, María Del Rosario, PP-090,
PP-143

Parras, Marina, PP-476

Palomo Martínez, Eric, PP-273

Partal, Pedro, S14-FP35

Palomo Nicolau, Claudio, PP-343, PP-386,
S1-FP29

Partal López, Pedro, PP-801
Partal Ureña, Francisco, S4-OC09, PP-087

Palos, Roberto, S14-FP23

Pasán, Jorge, S10-FP05

Palos Urrutia, Roberto, PP-802

Pascual, David, S6-FP17, S6-FP28

Pàmies Ollé, Oscar, S6-FP25, S1-OC10, S6OC11, PP-428

Pascual, Nuria, PP-198

Pan, Huiyan, PP-476

Pascual Coca, Gustavo, PP-382

Panciera, Michele, PP-604

Pascual Colino, Jon, PP-213, PP-269, PP568, S16-FP06

Paniagua González, Gema, PP-487

Pascual Jiménez, Naiara, PP-341

Paradela, Alberto, PP-586

Pascual Muñoz, Gonzalo, PP-771, PP-786,
PP-807

Paramio Calvo, Irene, PP-692
Pardanaud, Cédric, S3-FP01
Pardo, Demian, PP-697

Passarelli, Vincenzo, S6-OC13, PP-438, S6FP26

Pardo, Emilio, S16-IL04, PP-206, S16-FP09

Passerini, Stefano, S3-FP17

Pardo, Fernando, PP-797

Pastor, Daniel, PP-695

Pardo Carrasco, Leonardo, PP-589, PP-598

Pastor, Laura, S3-FP13

Pardo Esquillot, Lucía, PP-159

Pastor, Óscar, PP-168

Pardo Marin, Emilio, PP-254, PP-259

Pastor Belda, Marta, PP-183
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Pastor Beviá, Isidro Manuel, PP-005

Pelaz, Beatriz, S12-OC08, PP-245, PP-260,
PP-659, PP-666, PP-685, S16-FP12

Pastor Vivero, Aurelia, PP-530

Pelaz García, Beatriz, PP-211, PP-217, PP663

Pastoriza Santos, Isabel, PP-725, PP-758
Patino Alonso, Jennifer, PP-684, S13-FP05

Pellón González, Inés, S4-OC01

Paton, Robert S., S5-OC01

Peltomaa, Riikka, S09-IL01

Payo, Ismael, S13-FP01

Peña, Diego, PP-721, S13-FP09

Pazó, Antía, S7-FP11

Peña Alvarez, Miriam, PP-748

Pazo, Marta, S7-FP05
Pazos, E, PP-513

Peña Barrientos, Angela Elizabeth, S3OC22

Pazos, Elena, PP-597

Peña Gallego, Ángeles, PP-106, PP-485

Pazos Chantrero, Elena, PP-554, S7-FP08

Peña Gil, Diego, PP-715, PP-741, PP-752

Pazos Pérez, Ariadna, PP-427

Peña Llorente, José Ángel, S14-FP10

Pearson, John R., S8-FP01

Peña Rodríguez, Ovidio, S13-OC12

Peccati, Francesca, S5-OC06, S5-FP14, PP100

Peña Ruiz, Tomás, S4-OC09, S8-OC07, PP087, PP-593

Pech Puch, Dawrin, PP-839

Peña Vázquez, Elena, PP-193

Pecoraro, T., S11-IL02

Peña-López, Miguel, S1-FP17

Pedrajas, Elena, PP-040, PP-042

Peñalver, Rosa, PP-149

Pedregal Garrido, Tomás, PP-782

Peñalver Puente, Pablo, S7-OC11

Pedrero, María, PP-154

Peñas De Frutos, Marconi N, S6-OC09

Pedreschi, Romina, PP-167

Peñas Garzón, Manuel, S14-FP01

Pedrido, Rosa, PP-585

Peñas Sanjuán, Antonio, PP-344, PP-658

Pedro Llinares, José Ramón, S1-OC18, PP282, PP-299, PP-332

Peng, Lu, S3-OC21
Peñín Del Río, Beatriz, PP-094, PP-354

Pedrola, Marina, S1-FP41

Peralta, Rosely, PP-618

Pedrón Laserna, Jose Manuel, S5-FP05

Pereda Ayo, Beñat, PP-812, S14-FP27

Pedrosa Sáez, María Remedios, PP-316

Peregrina García, Jesús Manuel, S7-FP20,
PP-599, PP-645, PP-648, PP-652,

Peeters, Matthias, PP-313

Pereira Cameselle, Raquel, PP-485

Peinador Veira, Carlos, S7-FP08, PP-513,
PP-514, PP-554

Pereira Ortuzar, Tania, PP-633

Pèlachs Monell, Tània, S11-FP07

Pérez, Dolores, PP-721, S13-FP09

Pelayo Punzano, Gloria, PP-739

Pérez, Emilio Manuel, PP-572, PP-704

Pelayo Torices, Deva, S3-FP06

Pérez, J. M., PP-071
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Pérez, Javier, S6-FP28

Pérez Jimeno, Alba Helena, S6-FP12

Pérez, María Dolores, PP-162

Pérez Juste, Ignacio, PP-725

Pérez, Marta, PP-245

Pérez Juste, Jorge, PP-722, PP-725, PP-758

Pérez, Pedro J., PP-471, S6-FP18

Pérez Lara, Angel, S8-OC07

Pérez, Ruth, S07-IL08

Pérez Márquez, Lidia, PP-534

Pérez Almarcha, Yanira, PP-005

Pérez Martínez, Jesús De María, PP-530

Pérez Álvarez, Emilio Manuel, S11-FP06,
S13-FP14, PP-156, PP-733

Pérez Mato, J.m., S10-OC08
Pérez Meirás, Dolores, PP-715, PP-741

Pérez Álvarez, María Dolores, PP-149

Pérez Mejías, Gonzalo, S07-IL05

Pérez Barcia, Álvaro, PP-106

Pérez Melero, Mª Concepción, PP-328

Pérez Bitrián, Alberto, S6-FP03, S6-OC02

Pérez Mendoza, Manuel J., PP-718

Pérez Bonilla, Mercedes, PP-852

Pérez Omil, Jose A., PP-476

Pérez Bosch, Maria, PP-836, S1-FP31

Pérez Páez, Fátima María, PP-842

Pérez Cacho, Jorge, S14-FP10

Pérez Pérez, Yaiza, S11-OC11

Pérez Cadenas, Agustín Francisco, S16FP13, S16-FP14, S16-FP15, PP-241, PP-263

Pérez Pomares, José M., S8-FP01
Pérez Potti, Andre, S12-FP03

Pérez De Inestrosa, Ezequiel, PP-561

Pérez Prieto, Julia, S6-FP28, PP-118, PP127, PP-708

Pérez De Los Ríos, Antonia, PP-795, PP-796,
PP-809, PP-838

Pérez Ramos, Paula, PP-294

Pérez Díez, Mario, PP-818

Pérez Rodríguez, Álvaro, PP-856

Pérez Estébanez, Martín, S9-OC06

Pérez Romero, Antonio, PP-616, PP-718

Pérez Fernández, Francisco, S7-OC04

Pérez Romero, Pedro José, S1-FP11, PP284, PP-289, PP-303, PP-432

Pérez Fernández, Inmaculada, PP-077
Pérez Ferreiro, María, PP-736

Pérez Ruiz, Jorge, PP-284, S1-FP11

Pérez García, Lluïsa, S11-IL03
Pérez Ginés, Víctor, PP-154

Pérez Ruiz, Raúl, S1-OC19, PP-293, PP-311,
PP-319, PP-384, PP-613, PP-706

Pérez Guevara, Raquel, PP-439

Pérez Saavedra, Borja, S6-FP11

Pérez Herráez, Irene, PP-118

Pérez Sánchez, Carla, PP-381

Pérez Herranz, Valentín, PP-791, S14-FP15

Pérez Segura, María Del Carmen, PP-033

Pérez Herrera, Raquel, PP-334, PP-460, S6FP24

Pérez Sestelo, José, PP-310, PP-439, S1FP45

Pérez Inestrosa, Ezequiel, S8-OC02, PP683, S8-FP01

Pérez Soto, Raúl, S5-FP18
Pérez Temprano, Mónica H., S1-FP20, S6FP21, PP-346, PP-472

Pérez Inestrosa Villatoro, Ezequiel, S7-FP06
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Pérez Torrente, Jesús J., S6-FP26, PP-016,
PP-027

Piguet, Claude, S8-OC05
Pikramenou, Zoe, S12-FP08

Pérez Vázquez, Sonia, PP-777, PP-812

Pin, Jean-Philippe, S8-FP13

Pérez Victoria, Ignacio, S15-OC02, PP-857

Pina, Maria, PP-222

Pérez Yáñez, Sonia, PP-269, PP-568, S16FP06

Pinar, Andrés, PP-744

Perfecto Irigaray, Maite, PP-269, PP-568

Pineda Rodríguez, Teresa, S13-FP04, PP763

Pericàs Brondo, Miquel Angel, PL5, S6OC11

Pinedo, Cristina, PP-584
Pinedo Rivilla, Cristina, PP-834, PP-869

Peris, Eduardo, S11-OC10, PP-523

Piñeiro Guillén, Ángel, S5-FP10, S5-FP16

Perisé, María, S7-FP03

Piñeiro López, Lucía, PP-248, PP-257, PP258

Pernagallo, Salvatore, PP-546
Pernía Leal, Manuel, PP-714, PP-716

Piñeiro Suárez, Martín, PP-297

Perona Bermejo, Cristina, PP-221, PP-252,
S7-FP22

Piñero, José E., PP-844, PP-845

Perroy, Julie, S8-FP13

Pingarrón Carrazón, José Manuel, S9-OC05,
PP-151, PP-154, PP-155, PP-162, PP-173,
PP-184

Pertejo, Pablo, PP-368

Pinheiro, Danielle, PP-456

Pertejo Fernández, Pablo, PP-321

Pinilla Gil, Eduardo C., S4-OC08, PP-089,
PP-090, PP-143

Perretti Martín, Marcelle, PP-534

Peterson, Ryan L., S5-OC04

Pinilla Martin, Cintya, PP-426

Petit, Camille, PP-389

Pinilla Peñalver, Esther, PP-205

Petit Domínguez, Mª Dolores, PP-196

Pino Chamorro, José A., PP-042

Petrozza, Annamaria, S03-IL06

Piñol, Rafael, S12-FP06

Péycheran, Christophe, S9-OC03

Piñol Lacambra, Milagros, PP-672, PP-696

Pfattner, Raphael, PP-713

Pinto, Alexandre, PP-302

Philippot, Karine, S3-OC19, S6-OC15, S2FP05

Pinto Cañón, Gabriel, S4-OC05

Piacente, Francesco, PP-644

Pinto Martins, Marcos Antonio, PP-530

Picci, Giacomo, PP-654

Piras, Valentina, PP-836, S1-FP31

Piccichè, Miriam, PP-302

Pischel, Uwe, S01-IL01, S8-OC02

Pichel, José G., PP-676

Pita, Marcos, S9-OC07

Pichler, Alexander, PP-511

Pizarro, Ana, PP-635

Pico Blanco, Esther, PP-539

Pizarro, Ana Maria, S7-OC12, PP-595

Picon, Antonio, PP-733

Pizarro, Consuelo, PP-178
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Pizarro, Patricia, S3-OC02

Ponce Rodríguez, Henry, PP-171

Pizarro Arranz, Ana María, S7-OC17

Poncet, Maxime, S8-OC05

Pizarro Javier, Juan Diego, PP-303

Pons, Ramon, S5-FP21

Pizarro Millán, Consuelo, PP-177

Pont Niclos, Isabel, PP-564, PP-603

Pla, Alberto, PP-643

Poon, Po S., S16-IL05

Pla, Raúl, S14-FP06

Porcar, Raúl, PP-004

Pla Quintana, Anna, PP-364

Porcar García, Raul, PP-028, PP-045

Planas, Oriol, S6-FP01

Porcher, Willy, S3-FP17

Planas Grabuleda, Marta, S7-OC22

Portela García De Blas, Susana, S5-FP07

Platas Iglesias, Carlos, S7-OC04, S7-FP19,
PP-577, PP-634

Portillo Bazaco, Ander, PP-790, S14-FP28
Portillo Hurtado, Eduardo, PP-332, PP-461

Platero Prats, Ana Eva, S10-OC03, S16OC04, S10-OC05, S10-FP01, PP-240, PP389, PP-486

Portoles Nicolau, Tania, PP-181
Portugués Rodríguez, Alejandro, PP-451

Plaza Mayoral, Elena, S2-FP08

Postigo Gómez, Alejandro, S12-OC07, PP670

Plaza Pedroche, Rodrigo, PP-484

Poteaeu, Romuald, PP-540

Plou Gasca, Francisco Jose, PP-601, PP-850

Poteau, Romuald, S6-OC15, S13-FP02, S2FP05

Poater, Albert, PP-364
Poblete Martín, Francisco Javier, PP-619

Potenti, Simone, PP-024, PP-074

Pol, Anelisse, PP-810

Poveda, Ana, PP-850

Polavarapu, Lakshminarayana, PP-722

Povedano, Eloy, S9-OC05

Poletto Rodrigues, Bruno, S10-OC02

Poves, Carmen, S9-OC05

Polo, Ester, S12-OC08, PP-245, PP-659, PP663, PP-666, PP-685, S16-FP12

Pozo, Iago, PP-721, PP-770
Pozo Hernández, Javier, PP-801, PP-817

Polo, Victor, PP-438

Pozo Torres, Esther, PP-716

Polo Ibáñez, Álvaro, S7-FP03

Prado, J, S3-FP20

Polo Ortiz, Victor, PP-104

Prado Gonjal, Jesús, PP-421

Polo Ortiz, Victoriano, S6-OC13

Prados, J.c., PP-861

Polo Tobajas, Ester, PP-211

Prat, Cristina, PP-198

Poloneeva, Daria, S3-OC20

Prat, Maria, S12-OC06, PP-699

Poloni, Roberta, PP-239, PP-248, S16-FP11

Prato, Maurizio, S12-OC04, PP-675

Ponce, Rocío, PP-555

Prats, Eva, PP-129

Ponce, Sara, PP-612

Prego Reboredo, Ricardo, S4-OC03

Ponce Ortiz, Rocío, PP-759, S13-FP12
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Prézeau, Laurent, S8-FP13

Q

Prieto, Auxiliadora, PP-433
Prieto, Liher, S1-OC06, PP-283, S1-FP27

Qiao, Lixin, S3-OC13

Prieto Jiménez, Inmaculada, PP-502

Qiu, S., S7-OC10

Prieto Lobato, Manuel, PP-418

Queizán Cores, Marta, PP-097

Prieto Montero, Ruth, PP-117

Quesada, Roberto, PP-368, PP-612, PP-654

Prieto Núñez-Polo, Pilar, PP-555

Quesada Martínez, Paula, PP-655

Prieto Pascual, Unai, PP-455

Quesada Moreno, María Del Mar, PP-477,
PP-507

Prieto Ramírez, Luis Alberto, PP-298

Quesada Pato, Roberto, PP-321

Primo, Ana, S3-OC21

Quijano López, Alfredo, S3-FP02

Primo Arnau, Ana María, S2-OC10
Prins, Ferry, S13-OC02

Quílez Del Moral, José Francisco, S15OC07, PP-851, PP-855, PP-856, PP-863

Proceviat, Cameron, S7-FP09

Quílez Pardo, Juan, S4-OC07

Pryds, Nini, PP-705

Quiñoá Cabana, Emilio, S10-OC06, PP-518,
PP-751

Puente Muñoz, Virginia, PP-119

Quintana, Jon Imanol, S5-FP14

Puente Orench, Inés, PP-509

Quintana García, Aleix, PP-589

Puerta, Adrián, S7-FP17

Quintana González, Juan José, S3-FP01

Puig Bosch, Jordi, S1-OC07, PP-373

Quintana Mani, Mª Del Carmen, PP-196

Puigcerver, Julio, PP-570

Quintana Morales, Ezequiel, PP-845

Puigcerver Alarcón, Julio, PP-530

Quintana Vázquez, Javier, PP-717

Puiggalí I Jou, Jordi, PP-101

Quintanilla Gómez, Asunción, S14-FP34

Puigmartí-Luis, Josep, S11-OC12, PP208,PP-527

Quirós, M. Teresa, PP-324

Pujales-Paradela, Rosa, PP-577

Quirós Díez, Eugenia Pilar, PP-411, PP-734

Pujals, Míriam, PP-540, S11-FP07

Quirós Ovies, Ramiro, PP-704

Pujals, Silvia, PP-132

Quirós Pérez, Irene, PP-383

Pujol Marti, Mireia, PP-288
Pulido Lamas, Cintia, S5-FP17
Punte Arribas, Alonso, PP-580

R
R Akram, Ahsan, S7-OC18
R. Belderrain, Tomás, PP-305
R. Espinosa, Jorge, S5-OC05
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R. Ganivet, Carolina, PP-226, S16-FP03

Rao, Akshay, PP-722

R. Losilla, Enrique, PP-705

Rapp Diez De La Cortina, María, PP-489,
PP-503

R.clench, Malcolm, S7-FP13

Raso Roka, Raquel, PP-784

Rabell Montiel, Brenda, PP-456

Raya-Barón, Alvaro, PP-690

Rabelo, Renato, S10-FP05

Rayo Pizarroso, Pedro, PP-345

Raccichini, Rinaldo, S3-OC24

Razmara, Zohreh, PP-491

Rafols, Laia, S7-OC13

Real Cabezos, José Antonio, PP-248

Rakovich, Yury, S8-FP06

Reboredo-Rodríguez, Patricia, PP-088, PP138, PP-167

Raldua, Demetrio, PP-129
Rama, Raquel J., S6-FP23

Recio Jiménez, Rocío, PP-298, S1-FP35

Rama Martínez, Gustavo, PP-734

Redondo Fernández, Guillermo, PP-192

Ramasdoss, Govindarajan, S6-FP14

Redrado, Marta, S7-FP04

Ramírez Cárdenas, Jonathan, S7-OC21, PP639

Redrado Domingo, Marta, PP-661
Regalado Aguilar, Jose Mauricio, PP-737

Ramírez De Arellano Sánchez, María Del
Carmen, S1-OC09,PP-271, PP-277, PP-347

Reifs, Antonio, PP-637

Ramírez García, Lorena, PP-191

Reina Martín, José Juan, S7-OC03, S8-FP09

Ramírez Pozo, María De La Cruz, S14-FP02

Reiné, Pablo, S13-OC09, PP-765

Ramirez Rodríguez, Gloria Belén, PP-150,
PP-481, PP-677, S10-FP06

Reiné Díaz, Pablo, PP-757
Reinecke, Helmut, PP-687

Ramírez Rodríguez, Manuel, PP-432

Reinoso, Santiago, PP-220

Ramírez Rodríguez, María Dolores, PP-658

Reinoso Crespo, Santiago, PP-265

Ramírez Valencia, Lilian Daniela, S16-FP14
Ramón, Diego J., PP-031, S1-FP36

Reisner, Erwin, S02-IL03, S3-OC08, PP025

Ramos, Ana, S5-OC03, S7-OC05

Rellán-Piñeiro, Marcos, S16-OC03

Ramos Alonso, Alberto Emiliano, PP-032

Rello, Luis, S9-OC03

Ramos Cabrer, Pedro, S12-OC04

Renaudet, Olivier, S7-OC07

Ramos Cordoba, Eloy, S5-FP26, S5-FP27

Rentero, Christian, PP-499

Ramos Lorente, Celia Esperanza, PP-204

Rentero Llorente, Christian, PP-060

Ramos Rodriguez, Freddy Alejandro, PP860

Renzi, Emilia, PP-763
Repetto Kuhn, Guillermo, PP-674

Ramos Soriano, Javier, S7-OC03, S7-OC23,
S7-FP15

Requena, Julia, PP-662
Resa, Sandra, S13-OC09, S15-OC02

Ramos Terrón, Susana, PP-057, S3-FP11
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Resano, Martin, S9-OC03

Rimoldi, I., S11-IL02

Resines Urien, Esther, PP-257, PP-258, S16FP11

Rinaldi, Antonia, S1-FP21
Rincón Montón, David, PP-126

Retamosa, María De Gracia, S1-OC01, PP315

Rincon Zamorano, Jesusa, PP-402, S14FP31

Retamosa Hernández, María De Gracia, PP359

Rioboo Vidal, Alicia, S8-FP09
Ríos, Ángel, S09-IL03, PP-755

Reuillard, Bertrand, S2-FP07

Rios, Ramon, PP-131

Revenga Parra, Monica, PP-140, PP-189
Reverchon, Ernesto, PP-827

Ríos Castro, Ángel, PP-147, PP-161, PP-169,
PP-195, PP-203, PP-205

Revilla Cuesta, Andrea, S13-OC06, PP-719,
PP-754

Ripoll, Consuelo, PP-121, PP-556

Rey López, Alejandro, S1-FP12

Ripoll Lorente, Mª Consuelo, S8-FP14, PP686

Rey Planells, Alicia, PP-479, PP-501

Ritter, Tobias, S1-OC08

Rey Raap, Natalia, S3-OC16

Rivada-Wheelaghan, Orestes, S6-OC07

Rey-Tarrío, Francisco, S10-OC06

Rivadulla, Francisco, PP-500

Rey-Varela, Diego, PP-870

Rivas López, Luis Ignacio, PP-578

Reyes, Efraím, PP-283, S1-FP27

Rivera Chao, Eva, PP-291, S6-FP11

Reyes, Fernando, S15-OC02, PP-852, PP853, PP-857, PP-865

Rivero, Gonzalo, S13-OC04
Rivero, María J., PP-781

Reynaud, Marine, PP-398, PP-410

Rivero Barbarroja, Gonzalo, PP-610

Riba López, Daniel, S13-OC02
Ribagorda, María, PP-631

Rivero Martinez, Maria J., PP-409, PP-820,
S3-FP06

Ribagorda Lobera, María, S13-OC09, S15OC06, PP-646, S5-FP23

Rivero Prieto, Pablo, S7-FP02
Rivero-Crespo, Miguel A., S6-FP04

Ribas, Xavi, PP-540, PP-571, S11-FP07, S6FP01

Rivero-Rodríguez, Francisco, S07-IL05

Ribeiro Guimarães, Amanda, S5-FP25

Rives Arnau, Vicente Rafael, PP-488, PP506

Ribera Hermano, Antonio, PP-224

Rivilla, Iván, PP-286, PP-317, PP-322, PP337, PP-442, PP-455, PP-516, S5-FP25

Ricart, Josep M., PP-101
Riedel, Sebastian, S6-FP03

Rivoli, Andrea, PP-525

Riera, Antoni, PP-596

Rizo Liendo, Aitor, PP-845

Riera Escalé, Antoni, PP-376, S1-FP22

Robert, Marc, S6-OC07

Riesco Llach, Gerard, S7-OC22

Robina, Inmaculada, PP-353, PP-644

Riguera, Ricardo, PP-751
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Robles, Christian, PP-084

Rodríguez, Vanessa, S7-OC12

Robles, Roberto, S13-OC13

Rodríguez, Verónica, PP-283

Roblin, Pierre, S6-OC15

Rodríguez Abetxuko, Andoni, PP-637, PP664

Roca, Jorge, PP-584

Rodríguez Barranco, Miguel Ángel, S6-FP19

Roca, María J., PP-810

Rodríguez Blas, Teresa, S4-OC10

Roca Hernández, María José, PP-794

Rodríguez Cano, Miguel A., S14-FP12

Roca Magadán, Carlos, PP-624

Rodríguez Cano, Miguel Ángel, PP-793

Roca Sanjuán, Daniel, S5-FP22

Rodríguez Castellón, Enrique, PP-041, PP723

Roca Virués De Segovia, Jorge, PP-583
Rocha, Gabriel, S7-OC21, PP-639

Rodríguez Castillo, María, PP-717

Rochlitzer Puig, Derik, S5-FP28

Rodríguez Cid, Laura, S13-OC02

Rodenes, Miriam, PP-352

Rodríguez Costa, Ángela, PP-604

Rodiño Balboa, Ricardo, S1-FP13

Rodríguez De Lera, Ángel, PP-351, S1-FP32

Rodrigo Rodrigo, Manuel Andrés, S14FP05, S14-FP29

Rodríguez Del Pozo, Sandra, S1-FP29
Rodríguez Diaz, Ciro, PP-697

Rodrigues, Bruno, PP-495

Rodríguez Diéguez, Antonio, S16-OC08, PP071, PP-455

Rodríguez, Ana, PP-665, PP-870
Rodríguez, Andoni, S7-OC08

Rodríguez Expósito, Rubén L., PP-844

Rodríguez, Antonio, PP-129

Rodríguez Fanjul, Vanessa, PP-595

Rodríguez, Barbara, S7-OC01

Rodríguez Fariñas, Nuria, PP-161

Rodríguez, I, S3-FP20

Rodríguez Flores, Juana, PP-148

Rodríguez, Isabelle, PP-746

Rodríguez Florez, Lesly Viviana, PP-315

Rodríguez, Ismael, PP-681

Rodríguez Franco, Carlos, S1-FP23

Rodríguez, Jaime, PP-839, PP-864

Rodríguez García, Antonio M., S13-FP01

Rodríguez, Jaime Rodriguez, PP-870

Rodríguez García, I., PP-035

Rodríguez, Juan J., S14-FP01
Rodríguez, Laura, PP-305

Rodríguez García, Ignacio, PP-013, PP-066,
PP-866

Rodríguez, Miguel Ángel, PP-465

Rodríguez Gattorno, Geonel, PP-229

Rodríguez, R., S11-FP08

Rodríguez González, Jaime, S15-OC03

Rodríguez, Ricardo, S6-FP15

Rodríguez González, Laura, PP-279

Rodríguez, S., PP-323

Rodríguez González, Miriam Candelaria,
PP-738

Rodríguez, Sergio, S3-OC13

Rodríguez González, Victoria, PP-843

Rodríguez, Suní, S14-FP23
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Rodríguez Hernández, Adriana, PP-854

Rodríguez Romero, Manuel, PP-621

Rodríguez Hernández, Humberto Adrián,
PP-330

Rodríguez Romero, Marta, PP-328
Rodríguez Rubio, Arnau, PP-510

Rodríguez Iglesias, Félix, PP-294

Rodríguez Sahagún, Ligzajaya Fernanda, S7FP14

Rodríguez Jiménez, Juan José, PP-804, PP818, S14-FP18

Rodríguez Salamanca, Patricia, S1-FP25, S1FP30

Rodríguez Lopez, José Neptuno, S8-FP04
Rodríguez López, Julián, PP-484

Rodríguez San Miguel, David, PP-208, PP209, PP-237

Rodríguez Maldonado, Carmen, PP-250

Rodríguez Sánchez, Eider, S16-OC06

Rodríguez Márquez, Irene, PP-757, PP-765

Rodríguez Santiago, Luis, PP-052

Rodríguez Martín-Doimeadios, Rosa Del
Carmen, PP-161

Rodríguez Urretavizcaya, Ricardo, S1-FP29

Rodríguez Martínez, Ricardo, PP-015, PP429, PP-458

Rodríguez Velamazán, José Alberto, PP248, PP-258

Rodríguez Mirasol, José, S14-FP12, S14FP13, S14-FP16, PP-793, PP-798

Rogero, Celia, PP-317, PP-322, PP-442
Roglans, Anna, PP-364

Rodríguez Morán, Joaquín, PP-044, PP-575,
PP-611, PP-649, S7-FP14

Rojas, S., PP-071
Rojas, Sara, S16-OC08, PP-223

Rodríguez Morgade, M. Salomé, PP-724

Rojas Luna, Raúl, PP-393

Rodríguez Muguruza, Asier, S12-FP08

Rojo, Javier, S7-OC23, PP-594

Rodríguez Navarro, Jorge Andrés, S1-FP16,
S7-FP22, S10-OC05, PP-221, PP-250, PP252

Rojo Marcos, Javier, S7-FP15
Rojo Solé, Pep, S1-FP22

Rodríguez Nuévalos, Silvia, PP-128

Roldan Cuenya, Beatriz, S02-IL01

Rodríguez Padrón, Daily, PP-057

Roldán Molina, Esther María, S1-FP16

Rodríguez Pastor, Santiago, PP-331, PP-578

Roldán-Martín, Lorena, PP-100

Rodríguez Perez, Laura, PP-607

Román, Pascual, S04-IL01

Rodríguez Pérez, Manuel, PP-211, S16-FP12

Romano, Ciro, S1-FP15

Rodríguez Plaza, Suní, PP-802

Romano De Gea, Jan, S7-OC09

Rodríguez Raurell, Laura, PP-563

Romanos, Eduardo, S7-FP04

Rodríguez Rejano, Lucía, S07-IL05

Romay Romero, Marta, S14-FP07

Rodríguez Rivero, Lorena, PP-843

Romeo Gella, Fernando, S5-FP23, PP-111,
PP-631

Rodríguez Rodríguez, Aurora, S7-OC04, PP634

Romero, Alberto, PP-745

Rodríguez Romero, Jon, PP-395

Romero, Arturo, PP-824
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Romero, Francisco José, PP-391

Rosales Reino, María Beatriz, PP-262, PP265

Romero, Joel, PP-869

Rosas, Juana María, S14-FP16

Romero, Manuel, S14-FP32

Rosas Martínez, Juana María, PP-793, S14FP13

Romero, Nuria, S3-OC19, S2-FP05
Romero Angel, María, S10-OC05, S16-FP02

Roscales García, Silvia, PP-687

Romero Arenas, Antonio, PP-361

Rosell De La Fuente, María, PP-121

Romero Fructos-Vazquez, Manuel, PP-303

Rossmeisl, Jan, S02-IL05

Romero Nieto, Carlos, S13-OC07

Rostoll-Berenguer, Jaume, S1-OC18

Romero Reyes, Antonio Ángel, PP-006, PP080

Roszek, Katarzyna, PP-219
Rotger, Carmen, PP-552

Romero Ruíz, Ignacio, PP-240

Rotger Pons, María Del Carmen, PP-567

Romero Salvador, Arturo, PP-833, S14-FP16

Rousseaux, Olivier, PP-577

Romero Sánchez, Iván, PP-191

Roux, Thomas, S8-FP13

Romero Soria, Pilar, PP-528

Rovira, Xavier, PP-129

Romero Tamudo, Soledad, PP-650

Royo, Miriam, PP-198

Romero Velasquez, Daisy Carolina, PP-754

Royo Calvo, Santiago, PP-578

Romero-Muñiz, Carlos, PP-486

Royo Exposito, Miriam, S13-OC06

Romero-Muñiz, Ignacio, PP-486, S10-FP01

Royuela, Sergio, PP-208

Romero-Salguero, Francisco José, PP-002,
PP-392, PP-393, PP-408

Rozhin Et Al., Petr, S13-IL02

Romero-Sánchez, Iván, PP-145

Rúa Sueiro, Marcos, PP-452

Romerosa Nievas, Antonio Manuel, S6FP27, S7-FP18, PP-001, PP-018, PP-640

Rubert, Llorenç, PP-550
Rubio, Laura, PP-146

Romo Islas, Guillermo, PP-305, PP-563

Rubio, Vicente, PP-604

Ronda Leal, Marina, PP-006, PP-080

Rubio Gaspar, Ana, PP-225, S16-FP03

Rondelli, Manuel, PP-531

Rubio Gimenez, Victor, S16-FP02

Ros Laó, Abel, PP-361, S1-FP23

Rubio Parra, Nicolás, PP-143

Ros Ñiguez, Diego, PP-022, PP-570

Rubio Pisabarro, Víctor, PP-517

Rosa Pardo, Ignacio, PP-708

Rubio Presa, Rubén, PP-316

Rosales, Jennifer, PP-425

Rubio Ruiz, Belén, PP-650

Rosales Conrado, Noelia, PP-145, PP-201

Ruedas Rama, María José, S13-FP08, PP133, PP-546

Rosales Fernández, Celia, PP-862
Rosales Reina, María Beatriz, PP-220

Ruiz, Eliseo, S13-OC02, S13-OC03, PP-713,
PP-767
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Ruiz, José, S12-OC03

Ryder, Karl, S3-OC14

Ruiz, José Rafael, PP-002, PP-391, PP-392,
PP-393, PP-408
Ruiz, Susana, PP-669
Ruiz Allica, Julia, PP-136, PP-153

S

Ruiz Álvarez, Miguel Ángel, PP-447, PP-450

S. Francisco, Joseph, S5-FP22

Ruiz Arias, Álvaro, PP-574

S. M. Abdelbaky, Mohammed, PP-491

Ruiz Bermejo, Marta, PP-345
Ruiz Bilbao, Estibaliz, PP-235

Saá Rodríguez, Carlos Eugenio, S6-FP11,
PP-007, PP-011, PP-081

Ruíz Cabello, Jesús, S12-OC04

Saavedra, Beatriz, PP-031

Ruiz De Larramendi Villanueva, Idoia, PP227, PP-395

Saavedra, Ester, PP-622

Ruiz Delgado, María Del Carmen, PP-526,
PP-759, S13-FP12

Sabater, Enric, PP-435

Sabaté Lagunas, Raimon, S7-OC09

Sabater Algarra, Yolanda, PP-734

Ruiz Delgadp, Mº Carmen, PP-748

Sabio Rodríguez, Laura, PP-667

Ruiz Encinar, Jorge, PP-136, PP-153

Sadurní Parera, Anna, S1-OC14, PP-307

Ruiz Gamarra, Sergio, PP-712

Sáenz Mateos, Luis, PP-183

Ruiz García, Rafael, S10-FP05

Sáez, José Antonio, PP-128, PP-130

Ruiz González, Luisa, PP-733

Saez, Lydia, PP-223

Ruiz González, María L., PP-476

Sáez González, Patricia, PP-833, S14-FP16

Ruiz Hitzky, Eduardo, PP-592

Sáez Jiménez, Cristina, S14-FP05

Ruiz Martínez, Débora, PP-407

Sáez Serrano, Javier, PP-469

Ruiz Medina, Antonio, S4-OC09, PP-087,
PP-169

Safont, V. Sixte, PP-042

Ruiz Palacín, Joaquín, PP-784

Safont, Vicent S., PP-040

Ruiz Palacios, Joaquín, PP-772

Sahm, Constantin D., S3-OC08, PP-025

Ruiz Pernía, José Javier, S5-FP09

Saito, Ami, PP-207

Ruiz Rosas, Ramiro, PP-793, S14-FP13

Saito, Takuho, PP-524

Ruiz Sabín, Eliseo, PP-720, PP-737

Saiz, Fernan, S3-FP08

Ruiz Sánchez, Antonio Jesús, PP-561

Saiz Lopez, Alfonso, S5-FP22

Ruiz Soriano, Albert, PP-366

Saiz Valderrama, Arancha, PP-790, S14FP28

Rujaz, Lucija, S1-OC12

Sala, Xavier, S2-FP05

Rumayor, Marta, PP-825

Sala Román, Xavier, S3-OC19, PP-059

Rybakov, Andrey, S13-OC04
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Saladrigas, Mar, S1-OC07

San Jose, Maria Jose, PP-814

Salagre, E, PP-709

San José Méndez, Alba, S10-FP01

Salamanca Verdugo, Vanesa, PP-467

San Jose Orduna, Jesus, S1-FP05

Salar García, María José, PP-795, PP-809,
PP-838

San Nicolás Hernández, Desirée, PP-844
San Román Del Barrio, Julio, S12-OC09, PP669

Salas, Gorka, S12-FP07
Salas Cubero, Marina, PP-645

San Román San Emeterio, María F., PP-792,
PP-828

Salatti Dorado, José Ángel, PP-392, PP-403

San Sebastian, Eider, PP-632

Salaverri, Noelia, S1-OC04

San Segundo Acosta, Pablo, PP-151

Salcedo Abraira, Pablo, PP-242

Sananes Israel, Susana, S3-FP17

Salgado, Jesús, S8-OC03

Sancenón, Félix,

Salgado Barca, Jesus Fernando, PP-653

Sancenón Galarza, Félix, S11-OC02, PP-542

Salgado Beceiro, Jorge, S3-FP03

Sánchez, Alfredo, PP-665

Salido Fortuna, Sandra, PP-185

Sánchez, C., S11-FP08

Salinas Castillo, Alfonso, PP-150, S8-FP07

Sánchez, E, S3-FP20

Salles, Fabrice, PP-242

Sánchez, Eduardo, S3-OC13

Salom-Català, Antoni, PP-101

Sánchez, Ignacio E., PP-638

Salonen, Laura, S16-OC09

Sánchez, Luis, PP-524

Saltó, Joan, S1-OC10

Sánchez, Pol De La Cruz, S1-OC10

Salto, Rafael, S8-OC07, PP-119

Sánchez Alonso, Sergio, PP-308

Salto Girón, Carmen, S8-OC07, PP-614

Sánchez Andújar, Manuel, S3-FP03, PP-475,
PP-478

Salto González, Rafael, PP-614
Salvadó Ruiz, Oriol, PP-272, S1-FP03

Sánchez Aparicio, José Emilio, S5-FP28

Salvador, J.-Pablo, PP-198

Sánchez Barba, Luis Fernando, PP-034

Salvador, Pedro, PP-435, S6-FP01, S6-FP10

Sánchez Cachero, Armando, PP-161

Salway, Hayden, S16-FP10

Sánchez Cano, Gabriel, PP-223

Sampaio, Maria J., S14-FP01

Sánchez Carrillo, María Del Carmen, PP-811

Sampedro, Diego, S1-OC19, S8-OC03, PP094

Sánchez Costa, Jose, S16-OC06, PP-239,
PP-248, PP-257, PP-258, S16-FP11

Sampedro Pelayo, Tamara, PP-806
Sampedro Ruiz, Diego, PP-354

Sánchez De Alcázar Melendo, Daniel, PP664

Samperi, Mario, S11-IL03

Sánchez De Blas, Beatríz, PP-328

San Felices, Leire, PP-235

Sánchez De La Fuente, Miguel, PP-056
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Sánchez Dealcázar, Daniel, PP-637

Sánchez Yepes, Andrés, S14-FP04, S14FP16, PP-833

Sánchez Del Castillo, Manuel José, S12FP02

Sanchis Gual, Roger, PP-709, S3-FP05

Sánchez Díez, Eduardo, S3-FP13

Sanchis Perucho, Adrián, PP-494

Sánchez Fernández, Elena Matilde, PP-594,
S7-FP17

Sancho Bermejo, Ignacio, PP-065
Sancho Casado, Irene, PP-544

Sánchez Fernández, Rosalía, PP-597

Sancho Llopis, Juan V., PP-181

Sánchez Grande, Ana, PP-744

Sancho Medina, Andrea, PP-612, PP-654

Sánchez Jiménez, Lucía, PP-338

Sangrador Pérez, Jorge, PP-239

Sánchez López, Elena, PP-190

Sanjosé-Orduna, Jesús, S1-FP20

Sánchez Marcos, Isidro, PP-360, PP-642

Sanjuan Navarro, Lorenzo, PP-139, PP-142

Sánchez Martin, Luis, S11-FP08

Sanmartín Faces, Raul, PP-314

Sánchez Martin, Rosario M., S07-IL03, PP582

Sanosa, Nil, PP-094
Sanromán Iglesias, María, S9-FP04, PP-516

Sánchez Martos, Miguel, PP-661

Sans, Victor, S2-OC09

Sánchez Merino, Anabel, PP-586

Sans Sangorrin, Víctor, PP-084

Sánchez Morales, Adrián, PP-598

Sansano, José Miguel, S1-OC01

Sánchez Mustelier, Yaíma, S7-FP21

Sansano Gil, Jose Miguel, PP-315, PP-359

Sánchez Navarro, Macarena, PP-655

Santaella Escolano, Maria Del Carmen, PP699

Sánchez Obrero, Guadalupe, S13-FP04
Sánchez Oliva, Abelardo, PP-555

Santalla, Hugo, S1-FP47

Sánchez Peláez, Ana Edilia, PP-348, S7-FP01

Santalla García, Hugo, PP-365

Sánchez Rabadán, Cinthia, PP-374

Santamaría, Cristina, PP-046

Sánchez Roa, David, S1-FP44

Santamaría, Jesús, PP-704

Sánchez Roselló, María, PP-278, PP-292

Santamaría, L., S14-FP17

Sánchez Ruiz, Antonio, S8-FP07

Santamaria, Laura, PP-826, PP-829

Sánchez Sánchez, Carlos María, PP-012

Santamaría Angulo, Cristina, PP-065

Sánchez Sancho, Francisco, PP-687

Santamaría Aranda, Eduardo, S8-OC03

Sánchez Santos, Estela, PP-044, PP-575, PP611, PP-649, S7-FP14

Santamaria Ramiro, Jesus, PP-688, S12FP04

Sánchez Sanz, Irene, PP-365

Santamaría Victorero, Javier, S1-FP19

Sánchez Segado, Sergio, PP-795, PP-838

Santana Rivero, David, S11-OC11, PP-505

Sánchez Sordo, Irene, PP-291

Santoro, Fabrizio, PP-485

Sánchez Tirado, Esther, PP-155
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Santos, Aurora, PP-824, PP-831, S14-FP04

Sawazaki, Taka, S8-OC01

Santos, Hélder A., S12-IL03, S12-FP07

Scalambra, Franco, PP-001, PP-018, PP640, S6-FP27, S7-FP18

Santos, José, S16-OC06

Scarano, Simona, S09-IL04

Santos, Tanausú, S11-OC11

Schedlbauer, Andreas, PP-633

Santos López, Aurora, PP-833, S14-FP16

Scheu, Christina, S2-FP09

Santos Mazorra, Victoria Eugenia, S14-FP19

Schmalz, Veronika, PP-385

Santoyo González, Francisco, PP-204, PP573

Schmidt, M.a., S7-OC10

Sañudo, Eva Carolina, S16-OC06, PP-258

Schmidt, Maximilian, PP-764

Sanz, Eduardo, S5-FP17

Schnepel, Christian, PP-607

Sanz, Jesús, PP-669

Schoenmakers, Sandra M.c., S11-FP09

Sanz Díez, Roberto, PP-276, PP-316, PP-363

Schrenker, Nadine J., PP-722

Sanz Garrido, Jorge, PP-023

Schröder, Sophie, PP-792

Sanz Marco, Amparo, PP-332

Scimeca, Jean-Claude, PP-681

Sanz Martín, Raúl, S14-FP32

Sciortino, Giuseppe, PP-100

Sanz Miguel, Pablo J., S7-FP03

Scott, Jamie, S8-OC06

Sanz Navarro, Sergio, PP-050, PP-067

Sebastián Cabeza, Víctor, PP-696, PP-704

Sanz Pérez, Eloy, S14-FP32

Sebastián Del Rio, David, S3-FP22

Sanz Sánchez, Marcos, PP-588

Sebastián Pascual, Paula, S2-FP08

Sanz Vicente, Isabel, PP-159

Secchi, Andrea, S8-FP03

Sanz-Marco, Amparo, PP-299

Seco, Manuel, PP-821

Sarandeses Da Costa, Luis A., S1-FP45, PP310

Seco González, Alejandro, S5-FP16
Seetharaman, Sairaman, S11-OC01

Sardon, Haritz, PP-286

Segade, Yuri, PP-864

Sarmiento, Jeymy T., S1-OC09, PP-277

Segarra-Martí, Javier, S5-FP24

Sarotti, Ariel Marcelo, S15-OC08, PP-112

Segura Castedo, Jose Luis, PP-396

Sarrion, Andres, S14-FP18

Segura Gil, Isabel, PP-162

Sastre, Daniel, S3-OC02

Segura Navarro, María José, PP-863

Sastre Santos, Ángela, S11-OC01, S12OC03, S13-OC01, PP-602, PP-661

Segura Sanchis, Elena, PP-746
Seibel, Johannes, PP-520

Saurina Canals, Joan, PP-401

Seijas Da Silva, Alvaro, S3-FP05, PP-735

Savchenko, Mariia, PP-483

Seki, Shu, PP-526

Savoini, Andrea, PP-510

Semsarilar, Mona, S16-FP05
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Señarís Rodríguez, María Antonia, S3-FP03,
PP-475, PP-478

Shterk, Genrikh, S3-OC20
Shum, David, PP-852

Sendra, Jana, S1-FP27

Shuttleworth, Peter, PP-418

Seoane, Andrés, PP-591

Sicilia Martínez, Violeta, PP-482

Seoane Carabel, Fabio, PP-310

Sierra, Tania, PP-174

Serafín, Verónica, PP-151, PP-162, PP-173

Sierra Alonso, Isabel, PP-202

Seras Franzoso, Joaquín, S12-OC09

Sierra Trujillo, Laura, PP-209

Serna Gallén, Pablo, PP-493

Sifaoui, Inés, PP-845

Serp, Philippe, S6-OC15

Silva, Claudia G., S14-FP01

Serra Alfaro, José Manuel, PP-422

Silva Díaz, Adrián, S7-FP15

Serrano, Carmen, PP-821

Silvestre Llora, Adriana, PP-720, PP-767

Serrano, Elena, PP-465, PP-676

Silvestri, Alessandro, PP-675

Serrano, Emmanuel, PP-464

Silvi, Serena, S8-FP03

Serrano, Rachel, PP-853, PP-865

Simó Alfonso, Ernesto F., S16-FP09

Serrano, Sergio, PP-117

Simon, Silvia, PP-631

Serrano Arnaldos, Mar, PP-774

Simón Rubio, Luis, PP-044

Serrano Díez, Emmanuel, PP-446

Singh, Nishant, PP-512

Serrano Molina, David, PP-558

Sinka, Victoria, S15-OC05, S1-FP40

Serrano Ostáriz, José Luis, S13-FP10

Sitkiewicz, Sebastian, S5-FP26

Serrano Torregrosa, Elena, S6-FP19

Siuzdak, Gary, PP-190

Serrano-García, Irene, S09-IL02, PP-088,
PP-138, PP-160, PP-167

Skláda, Petr, S09-IL01
Skoda-Földes, Rita, PP-362, PP-367

Serre, Christian, S03-IL05

Skorikov, Alexander, S16-OC01

Sessini, Valentina, PP-060, PP-499

Skrydstrup, Troels, PP-326

Sevilla De Urbina, José Manuel, S13-FP04

Sleet, Charlotte, S11-IL03

Sevim, Semih, S11-OC12

Smith, Shaun, S11-IL03

Shafir, Alex, S6-OC14

Snoussi, Yosra, PP-782

Shamshurim, Maxim, PP-419

Soberats Reus, Bartolomé, S11-FP04, PP541, PP-550, PP-552, PP-567

Shchepinova, Maria M., S7-FP10
Shen, Xiaodong, S3-FP16

Sodupe, Mariona, PP-037, PP-100

Shen, Y., PP-409

Sodupe Roure, Mariona, PP-052

Shen, Yi, S5-OC05

Sohma, Youhei, S8-OC01

Shoinkhorova, Tuiana, S3-OC20

Sokolov, Maxim, PP-419
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Sokołowski, Kamil, S3-OC08, PP-025

Souilah El Hadri, Charafa, PP-462

Solà, Miquel, PP-364, S5-FP03

Soukka, Tero, S09-IL01

Sola Leyva, Alberto, PP-729

Sousaraei, Ahmad, S10-FP01

Solans Monfort, Xavier, S6-OC10, PP-037,
PP-052

Souto Salgado, Jose Antonio, S1-FP32

Soldado, Ana, PP-192

Souto Suárez, María Luisa, S15-OC04, PP842

Soler, Jordi, PP-095, S5-FP08

Souza De Oliveira, Adriana, S14-FP22

Soler, Lluís, S2-OC02

Spieß, Philipp, PP-349

Soler, Mònica, S13-OC02

Spinnato, D, PP-423

Soler Jauma, Monica, PP-247

Stachelek, Patrycja, PP-117

Soler Orenes, Juan Antonio, PP-579

Stadler, Hartmut, PP-738

Solera-Rojas, Jose, PP-085

Stadler, Robert, S13-FP03

Solián Saco, Jacobo, PP-354

Steitz, Philipp, S12-FP01

Solís Fernández, Guillermo, S9-OC05, PP151

Stoica, Otilia, PP-306
Stranks, Samuel D., S16-FP10, PP-722

Soliz Rojas, Dulce Lucy, PP-487

Strassert, Cristian A., S6-OC06

Solla-Gullon, Jose, S3-OC18

Strugovshchikov, Evgenii, PP-101

Somerville, Rosie J., PP-434, S6-FP05

Strutyński, Karol, S16-IL03

Somoza, Álvaro, PP-697, PP-702, S12-FP07,
S7-FP23

Su, Lu, S11-FP09
Suárez, Ivonne, PP-843

Soprano, Enrica, S12-OC08

Suarez, Mayra, PP-789, PP-826

Soriano Agueda, Luis Antonio, S5-FP26

Suárez Cáceres, Ivonne Rocio, PP-858

Soriano Dotor, María Laura, PP-203, PP-205

Suárez García, Óscar, PP-599

Sorrenti, Alessandro, S11-OC12, PP-527

Suarez Lustres, Alejandro, PP-007

Sorribes, Iván, S1-OC15, PP-040, PP-352

Suárez Pantiga, Samuel, PP-316

Sosa Marco, Adriel, PP-822, S14-FP21

Suárez Picado, Esteban, PP-554

Sot, Begoña, PP-697

Suárez Sobrino, Ángel Luis, PP-378

Soto, Enrique, PP-440

Sucunza Saénz, David, S4-OC02, PP-304

Soto, Juan, PP-723

Suda, Natsuki, PP-524

Soto Soto, Camila Fernanda, PP-171

Sumarlan, Iwan, S3-OC14

Sotto Díaz, Arcadio, PP-092

Sun, Qiang, S13-OC13, PP-743

Sotto Mayor, Tiago, S11-OC12

Sun, Shang-Zheng, PP-349

Souilah, Charafa, S6-OC01

Sun, Suyun, S6-FP17
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Suñol Martínez, J.j., PP-401

Tejeda Sojo, Juan, PP-619, S6-FP20

Surós Roman, Marc, S13-OC02

Tejedor, David, PP-356

Swart, Marcel, S6-OC01, PP-462

Tejedor Aragón, David, S1-FP28

Swartz, Simo, S12-OC09

Tejel Altarriba, Cristina, PP-441, PP-454

Świderek, Katarzyna Patrycja, S5-FP12, PP523

Tejero, Alvaro G., S6-FP15
Tejero Domeque, Alvaro, PP-429, PP-458
Tejero López, Tomas, S5-FP05
Terán More, Aarón, PP-348, S7-FP01

T

Teresa, Javier, S1-OC16
Terruzzi, Stephanie, S10-FP02

Tabernero, Antonio, PP-827

Tessari, Zeno, PP-520

Tabernero, Vanessa, PP-377

Thaens, Jannik, S1-FP05

Tabernilla Sánchez, Zuria, PP-788

Thépaut, Michel, PP-594

Tabuyo Martínez, Marina, PP-421

Thielemans, Wim, PP-738

Tajuelo, César, S14-FP32

Thomas, Stephen P., S6-FP06

Takeda, Youhei, PP-748

Thorne, Michael F, S10-OC02

Talavera, Laura, PP-349, S1-FP15

Tian, Tian, PP-389

Talavera-Rodriguez, Eva M.,

Tiburcio Fortés, Estefanía, S16-IL04

Tallarida, Matteo A., PP-353

Tiecco, Matteo, PP-022

Tamaki, Yusuke, PP-024

Tiemblo, Pilar, S3-OC14, S3-FP23

Tamargo-Azpilicueta, Joaquín, S07-IL05

Tiemblo Magro, Pilar, PP-727

Tamarit Mayo, Lorena, S7-OC19, PP-609,
PP-628

Tiertant, Claire, S7-OC07

Tamburini, Alessandro, S14-IL03

Tiessler Sala, Laura, S5-OC04

Tapia, Olga, PP-781

Tircsó, Gyula, S7-FP19

Tapia Estévez, María José, PP-316

Tizzard, Graham, S11-OC09

Tarifa Soto, Luis, PP-441

Tkachenko, Kateryna, PP-177, PP-178

Tasci, E.s., S10-OC08

Tobal Salcedo, Ignacio Enrique, PP-360, PP642, PP-647

Tatay Aguilar, Sergio, S16-FP03, S16-FP02,
S10-OC05, PP-226, PP-756

Tobias, Gerard, PP-713

Tate, Edward W., S7-FP10

Tolosa, Juan, S8-FP08

Teat, Simon J., S16-FP11

Toma, Luminita, S10-FP05

Teixeira, William, PP-120,

Tomas, Salvador, PP-630

Tejada, Gabriela, S6-OC10
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Tomás Gamasa, María, S7-FP07, PP-581,
PP-591, PP-621, PP-653, PP-657

Torres Peña, Iñigo, PP-730
Torres Yeste, Pol, S1-FP07

Tomas Gonzalez De Mendivil, Eder, PP-078

Torrez-Herrera, J.j., S14-FP17

Tomaz, Ana Isabel, S7-FP18

Torrini, Francesca, S09-IL04

Ton, Stephanie, PP-326

Torroba, Tomas, S13-OC06, PP-719

Tonetto, Gabriela, PP-782

Torroba Pérez, Tomás, PP-754

Tong, Wenming, S2-OC06,

Torrón Celada, Alba María, PP-636

Torán Muñoz, Ricardo, PP-332

Tortajada Genaro, Luis Antonio, S12-OC02

Tormo, José R., PP-852, PP-853

Tortajada Navarro, Andreu, S6-OC04

Torra, Joaquim, S8-OC01

Tortiglion, Claudia, S11-IL02

Torralba Maldonado, Daniel, PP-598, S7FP05

Tortosa, Mariola, S1-OC16, S1-FP02

Torre Celeizabal, Andrea, PP-778

Tortosa Manzanares, Mariola, PP-342, PP383

Torre Roldán, Mercedes, S4-OC04

Tosat Bitrián, Carlota, S12-OC05

Torregrosa Chinillach, Alejandro, PP-072

Tostado, Jaime, PP-338

Torregrosa Rivero, Verónica, PP-009

Tóth, Éva, S7-FP19

Torrent Sucarrat, Miquel, S5-FP03

Touati, Khaled, PP-809

Torrente Rodríguez, Rebeca Magnolia, S9OC05, PP-154

Trabelsi, Tarek, S5-FP22
Trad, Khiem, S3-FP17

Torrente Seco, Claudia, PP-188

Trapp, Nils, S6-FP04

Torres, Alexandre G, PP-160

Trasobares, Susana, S2-OC03

Torres, Ana, S16-OC08

Tratnik, Blaz, S3-FP24

Torres, Beatriz, S15-OC03

Trauner, Dirk, S08-IL01

Torres, Elias, PP-675

Trigo, Juan Francisco, S3-FP08

Torres, Iñigo, PP-709

Trinquet, Eric, S8-FP13

Torres, M J, PP-683

Triola Guillem, Gemma, PP-656

Torres, Tomas, S11-OC03, S13-OC13, PP692, PP-724, PP-743

Troncoso, Jacobo, S5-FP20

Torres Cavanillas, Ramon, PP-756

Troncoso Afonso, Lara, PP-657

Torres Cebada, Tomás, PP-749, PP-760

Troncoso Mondragón, Ezequiel, S11-OC07

Torres García, Irene, PP-013, PP-866

Tros De Ilarduya, Conchita, PP-605

Torres Mansilla, Adriana Carolina, PP-680

Troya Martínez, José, PP-731

Torres Moya, Iván, PP-555

Troyano Sáez, Antonio José, PP-449

Torres Mozas, Ángel, S5-FP14
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Trueba Fraile, Juan David, S14-FP23, PP802

Urtiaga Mendia, Ane Miren, S14-FP07, PP775, PP-781, PP-797

Trujillo, José, S1-OC01

Usón Muñoz, Laura, PP-696

Trujillo Sierra, José, PP-339
Trzcińska-Wencel, Joanna, PP-219
Trzeciak, Anna M., PP-233

V

Tu, Hangfei, S1-FP38
Tuñón, Iñaki, S5-FP09

Vadillo, Jose Manuel,

Turnes Palomino, Gemma, PP-243, PP-244,
PP-251, PP-253

Vadillo Abascal, Jose Manuel, S14-FP25,
PP-783
Vairo, Claudia, PP-612
Valaei, Aria, PP-058
Valderrama, Katherine, PP-864

U

Valderrama, Raul, PP-342

Ubasart Clarà, Ernest, PP-540

Valdés, Carlos, PP-357

Ubiparip, Zorica, PP-850

Valdes Gomez, Alfonso Carlos, S1-FP42

Uceda Mayo, Ana Belén, PP-626

Valdivia, Victoria, PP-716

Uemura, Takashi, PP-207

Vale, João Pedro, S11-OC12

Ugalde, Jesús, S13-OC09

Valencia, Laura, PP-577

Ugarte Elhombre, Patricia, S14-FP10

Valencia Barragán, Concepción, PP-811

Ugartemendia, Andoni, PP-029

Valencia Valero, Laura Carolina, S16-FP15

Ullah, Aman, S13-OC04

Valente, Andreia, S7-FP18

Unciti-Broceta, Juan Diego, PP-582

Valenzuela, Laura, S9-OC07

Unione, Luca, S7-FP24

Valera, Jorge Santos, PP-524

Urbano Baena, Juan, PP-230

Valero Blanco, Eva, PP-674

Urbina, Aina, PP-340

Valero Romero, María José, S14-FP12, PP793, PP-798

Ureña, Nieves, PP-242

Valle, Pablo R. G., PP-317, PP-442

Urgoiti Rodríguez, Maitane, PP-227

Valle Amores, Miguel Ángel, S1-FP06

Urgoitia Gabikaetxebarria, Garazi, PP-314

Valls, Adriana, PP-536

Urieta, Javier, S3-OC10

Valverde, Alejandro, PP-173, PP-184

Urriolabeitia Arrondo, Esteban Pablo, S12FP04

Valverde, Pablo, S7-OC14

Urriolabeitia Rodrigo, Asier, PP-104

Valverde De La Fuente, Alejandro, PP-151

Urruzunu Guiu, Iñaki, S1-FP29
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Valverde Pizarro, Claudia Miyiseth, S14FP32

Vázquez Rodríguez, Karla Patricia, S3-OC22
Vázquez Sentís, M. Eugenio, S7-OC17

Valverde Pozo, Javier, PP-119, S7-FP16
Van Der Zant, Herre J. S., S13-OC02, PP-713

Vázquez Sulleiro, Manuel, PP-156, PP-704,
S13-FP14

Vantourout, J. C., S7-OC10

Vázquez Villa, Henar, PP-586

Vaquer Vadell, Andreu, PP-179

Vazquez Villar, Victor, S8-FP08

Vaquero, Juan José, PP-338

Vega De Las Heras, Carlos, S5-FP20

Vaquero López, Juan José, PP-304

Vega Moreno, Milena A., PP-700

Váradi, Balász, S7-FP19

Vega Sierra, Patricia, PP-450

Varea, Teresa, S1-OC09, PP-277

Vegas García, Marta, S3-FP02

Varela, M, PP-709

Vegge, Tejs, S03-IL04

Varela Carrete, Jesús Ángel, PP-007, PP011, PP-081, S6-FP11

Veiga Del Pino, José Manuel, PP-640
Vela, Francisco Javier, S14-FP23

Varela Domínguez, Noa, PP-500

Vela Benavides, Fátima, PP-872

Varez, Alejandro, PP-242

Vela Díaz, Francisco Javier, PP-802

Vargas, Emily L, PP-342

Vela Gallego, Sonia, PP-588, PP-629

Vargas Mantilla, Jors Steven, PP-860

Velado, Marina, S1-OC16

Vargas Rodríguez, Emily, S1-FP02

Velasco Rubio, Álvaro, PP-007, S6-FP11

Vasile, Raluca Loredana, PP-509

Velázquez, Marta, S1-OC11

Vayá Pérez, Ignacio, S7-OC19, PP-609, PP628

Velázquez Muñoz, Marta, PP-339, S1-FP39
Velázquez Stavínov, Antonio, PP-357

Vázquez, Ester, PP-755

Velázquez-Cruz, Alejandro, S07-IL05

Vázquez, Eugenio, PP-102

Velders, Aldrik H., S15-OC10

Vázquez, M. Eugenio, S7-OC06

Vélez Tirado, Marisela, S9-OC07

Vázquez, María, PP-193

Velo Heleno, M. Isabel, PP-585

Vázquez, Roberto, PP-669

Velpula, Gangamallaiah, PP-228

Vázquez Albisu, Ana, S1-FP29

Vendrell, Marc, S8-OC06, S8-FP11

Vázquez Bigas, Guillem, S7-OC09

Ventura, Paula, PP-831

Vázquez Domínguez, Pablo, PP-361

Ventura Espinosa, David, S6-FP18

Vázquez Fernández-Pacheco, Ester, S13FP01, PP-728

Vera, Mariano, PP-675

Vázquez Lasa, Blanca, PP-669

Vera Hidalgo, Mariano, PP-704

Vázquez López, Miguel, S7-OC17

Vera Salas, Silvia, S1-FP29

Vázquez Pérez, Francisco, PP-681

Verbeeck, Johan, S16-OC01
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Verdaguer Espaulella, Xavier, PP-376, S1FP22

Vila Fungueiriño, Jose Manuel, S3-FP19, PP411, S16-FP12

Verdú Andrés, Jorge, PP-171

Vilanova Canet, Bartolomé, PP-626

Verdugo, Felipe, S1-FP13

Vilaplana, Lluïsa, S7-OC01

Verdugo Escamilla, Cristóbal, S10-OC07

Vilar Hernadéz, Mireia, S7-FP20

Verdugo González, Francisco, PP-785

Vilchez, José Dámaso, PP-119

Veschi, Serena, S1-FP35

Vílchez, José Miguel, S04-IL03

Vettori, Irene, S5-FP19

Vilela, Diana, PP-665

Viar, Miguel, PP-797

Vilela, Marcos, S07-IL01

Vicario, Javier, PP-301, S1-FP37

Vilela Picos, Marcos, S7-FP11

Vicario, Jose L., PP-283

Villa, Rocio, PP-076

Vicario, Jose Luis, S1-FP27

Villacampa Naverac, Belén, S3-OC06

Vicent Docon, María Jesús, PP-694

Villaescusa Arruebarrena, Leire, PP-343,
PP-386

Vicent Morales, María, PP-215, PP-553

Villalba De Pando, Francisco, S6-FP22

Vicente, Francisca, PP-857

Villalobos, Federico, PP-744

Vicente, M.a., S14-FP17

Villalonga, Anabel, PP-665

Vicente Rodríguez, Miguel Ángel, PP-506

Villalonga, Reynaldo, PP-665

Vicente Zurdo, David, PP-201

Villamayor Moreno, Natalia, PP-195

Vicente-García, César, PP-560

Villanova Caro, Oscar, PP-674

Vicente-Zurdo, David, PP-145

Villar Castro, Daniel, PP-721

Vida, Y, PP-683

Villar García, Ignacio Jose, S3-FP08

Vidal, Cristian, PP-581

Villar Vidal, Maria, PP-612

Vidal Ferran, Anton, PP-238, S6-FP13

Villar-García,, Ignacio J., S3-OC01

Vidal Vives, Cristian, PP-335

Villarroya, B. Eva, PP-454

Videa, Hellen, PP-444, S6-FP08

Villaseñor Llerena, María Jesús, PP-195, PP203

Viejo, Lucía, PP-682
Vigueras, Gloria, S12-OC03

Villaverde Orejon, Aitor, S3-FP15

Viguri Rojo, Fernando, S6-FP15, PP-015, PP429, PP-458

Villechenous, Arturo, PP-595
Villora, Gloria, PP-821

Vila, Carlos, S1-OC18, PP-282, PP-299

Villoria Del Álamo, Beatriz, PP-264

Vila Abad, José Manuel, PP-452

Viñas Lóbez, Júlia, S1-FP09

Vila Descals, Carlos, PP-332

Viñas López-Pelegrín, Pilar, PP-149, PP-172,
PP-176, PP-183
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Vincent, Thierry, PP-041

Wencel-Delord, Joanna, PP-707

Vinueza, Joan, PP-377

Werz, Daniel, S01-IL04

Vinzintin, Alen, S3-FP16

Wheelaghan, Orestes Rivada, S6-FP14

Vismara, Rebecca, PP-226, S10-FP02, S7FP22

Whiteoak, Christopher John, PP-048, PP061, PP-083

Viso, Alma, S1-OC16

Wondraczek, Lothar, S10-OC02, PP-495

Vitórica-Yrezábal, Iñigo J., S10-OC01, PP553

Woods, Ben, PP-630
Woodward, Robert T., PP-389

Vivès, Corinne, PP-594

Wu, Hongli, S6-FP21

Vivien, Quentin, PP-610

Wuttke, Stefan, PP-218, PP-268

Vizintin, Alen, S3-FP24
Vocadlo, David, S7-FP09
Von Delius, Max, PP-540
Vorobiev, Eugene, PP-164

X

Vos, Eva, S5-OC07

Xie, Joanne, PP-610

Vos Esteban, Eva, PP-111

Ximenis Campins, Marta, PP-207
Xiong, Ying, PP-389
Xu, Felix, PP-511

W

Xu, Xiang, S5-FP26
Xu, Youzhi, PP-540

Walpole, Samuel, S7-OC21, PP-639

Xue, Jingchuan, PP-190

Wang, Hongxia, S10-OC10

Xue Dou, Shi, PP-399

Wang, Shiqi, S12-FP07
Wang, Yilan, S14-FP01
Ward, Thomas R., S5-OC04
Wassy, Daniel, PP-764

Y

Watson, Graeme, S2-FP04

Yadav, Saurabh, PP-571

Webb, Simon J., PP-543

Yagai, Shiki, PP-524

Weckhuysen, Bert, S03-IL01

Yaghi, Omar M., PL6

Wederni, Asma, PP-401

Yamaguchi, Mao, PP-261

Węgrzyn, Ewa, PP-511

Yan, Yan, S12-FP03

Weis, Erik, S06-IL04

Yáñez-Sedeño Orive, Paloma, PP-155, PP173

Welte, Lorena, PP-234
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Yang, Anna, PP-759

Zeler, Justyna, S12-FP06

Yang, Jin-Ming, S1-FP21

Zezza, Paola, PP-165, S9-FP02

Yayik, Nihan, PP-836, S1-FP31

Zhang, Jiayu, S1-FP20

Ye, Junyue, S7-FP06

Zhang, Kelvin H. L., S10-OC10

Ye, Junzhi, PP-722

Zhang, Siyuan, S2-FP09

Yepes, Paz, PP-378

Zhang, Wei, S12-FP03

Yeste Sigüenza, María Del Pilar, PP-079

Zhang, Yan, S3-OC13

Younesi, Reza, PP-398

Zhang, Yingling, PP-355

Yu, Xiangjiang, PP-218

Zhang, Yue, PP-041

Yuda Cohen, Boyko, PP-261

Zheng, B., S7-OC10

Yue, Jefferey, S7-FP09

Zheng, Yongkun, PP-224
Zheng, Yufen, S01-IL08
Zhou, Jinxiu, PP-286

Z

Zhu, Jieping, S01-IL09

Zaballos García, Elena, PP-118

Zotti, Linda Angela, PP-757

Zaffino, Rossella, S13-OC02, PP-713

Zou, Wenyue, S12-FP02

Zagorodko, Oleksandr, S7-FP13

Zougagh Zariouh, Mohammed, PP-147, PP755

Zimin, Dmitry, S1-FP14

Zähringe, J. B., PP-319

Zubía, Eva, PP-849

Zamora, Félix, PP-208, PP-234, PP-486, PP709, S7-FP23

Zuccarello, Giuseppe, PP-295, PP-313, S1FP17

Zamora Abanades, Félix Juan, PP-209, PP237, PP-240, PP-730

Zurbano Asensio, María Del Mar, PP-599

Zampini, Giulia, PP-666, PP-685, S16-FP12

Zurro, Mercedes, PP-281

Zamudio Garcia, Javier, PP-705

Zurutuza, Amaia, PP-675

Zanatta, Marcileia, S2-OC09

Zwier, Jurriaan, S8-FP13

Zapata Fernández, Fabiola, PP-547, PP-566

Zygalski, Lukas, PP-355

Zapico, José Mª, S7-OC05

Đorđević, Snežana, S7-FP13

Zarate Roldan, Silvia Stephany, PP-047
Zarca Lago, Gabriel, PP-775, PP-797
Zaremba, Orysia, PP-268
Zayas, Julián, PP-675
Zazo Martinez, Juan Antonio, PP-773, PP808
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