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Welcome

Dear Colleagues,

[t is with proud that we welcome you to Caparica, one of the best-preserved maritime coasts from
Iberian Peninsula. In addition to nurturing the scientific spirit among researchers from different
areas, the 1st IC3TC brigs also the opportunity to enjoy the views to the largest beach from
Portugal. The beach is away from the Village and the venue is on the first line of the cost, and
there are tens of kilometres of white, fine sand to lie and relax in the sun. In addition, the capital
of Portugal, the surprising always-ancient Lisbon is situated to 10 km. There are good ways of
reaching the capital either by bus, car (taxi) or train. If you have some free time, please find below

a list of places you would like most likely to visit:
-Lisbon:

http://www.golisbon.com/sight-seeing/top10.html

-Sintra:

http://wikitravel.org/en/Sintra

We hope you will enjoy your stay with us.
Yours

The organizing committee
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Preface

From the very beginning, Chemistry started with Alchemy and it has been the
mother of all Sciences, always walking hand in hand with Physics. Chemistry is
everywhere in our daily lives, in our foods, in our cloths, living in our houses and
affecting our health. We are mainly Chemistry.

Currently, the chemistry science integrates all its small areas: organic, inorganic,
analytical and physical chemistry; and the most specific areas. biochemistry,
environmental chemistry, chemical engineering, materials chemistry,
nanochemistry, pharmaceutical chemistry and medicinal chemistry among others.
Chemistry impacts the economical development of countries and continents.

However, knowledge of Chemistry has also been misapplied, as well as, as
Chemistry has facilitated the misuse of pesticides and fertilizers, general global
contamination, unhealthy artificial food, etc.

The First International Christmas Caparica Congress in Translational Chemistry
IC3TC-2015 is intended to be an International forum to share the most recent
knowledge in Trandational Chemistry, to help defend the name of Chemistry
worldwide and to acknowledge the value of Chemistry, a central science for a
better living.

The conference venue is located in one of the most beautiful places in Europe,
Lisbon, Portugal and its surroundings. During Christmas time, the month of
December, the location Lisbon-Caparica is bright and warm, making it an ideal
place to spend a nice couple of days.

On behalf of the organizing and scientific committees.
Truly Yours,
José Luis Capelo, PhD.

Carlos Lodeiro, PhD.

Conference Chairs
IC3TC-2015

7"10™ December 2015, Caparica, Portugal
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PL 1 - Dye Doped Silica Nanoparticles as L uminescent Organized Systems

for Nanomedicine

L. Prodi

Dipartimento di Chimica “Giacomo Ciamician”, Universita degli Studi di Bologna, Via Selmi 2, 40126 Bologna,
Italy.

Purpose: Silica nanoparticles are versatile platforms with many intrinsic features, including a low toxicity. Proper
design and derivatization yield particularly stable, very bright nanosystems displaying multiple functions, which
can be used for either photoluminescence (PL) or electrochemiluminescence (ECL) sensing, labeling or imaging
applications. [1] In order to increase their performances, we have pursued further improvement and optimization,
with the aim of substantially increasing their applicationsin fields of high impact such as medical diagnostics and

therapy.

Experimental description: Silica-core/PEG-shell have been designed according to a direct micelle assisted
method. The NPs have been doped using derivatized chromophores in order to impart them the desired
functionalities, in particular tailored for optimization of photophysical processes such as directiona energy
transfer.

Results: The NPs obtained have proved to have extremely valuable functions: high light-harvesting capability,
signal-to-noise maximization, multiplex output, signal amplification, [1-5] also for in vivo imaging.

Conclusions: Luminescent silica nanoparticles, which supply increased chemical stability to the loaded species
also under different external stimuli and present unique physiochemical features, find a wide range of possible
applications in the medical field. Tunable optical properties and facile size/shape/surface modifications make
DDSNs versatile multifunctional platforms for imaging, drug delivery, and theranostics.

Key Words: SilicaNanoparticles; Imaging, Drug delivery, Fluorescence
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PL 2 - Near infra-red trigerred photodynamic therapy, photocleavable drug

delivery and optical trapping

J. A. Capobianco

Department of Chemistry and Biochemistry and Centre for NanoScience Research, Concordia University,
Montreal, Quebec, Canada

Abstract

Lanthanide doped nanoparticles have the ability to undergo upconversion. Upconversion is a non-linear anti-
Stokes process that efficiently converts two or more low-energy excitation photons, which are generally near
infrared (NIR) light, into a higher energy photon (e.g., NIR, visible, ultraviolet) through the use of long lifetime
and real ladder-like energy levels of trivalent lanthanide ions embedded in an appropriate inorganic host lattice.
Thus, these materials are quickly emerging as candidates in novel biological applications. This stems from their
unique optical and chemical properties, such as non-blinking, non-photobleaching, absence of autofluorescence,
low-toxicity, low photodamage to live cells, and their remarkable ability to penetrate light in tissues. Here, we
present the synthesis characterization and optical properties of lanthanide-doped fluoride nanoparticles and
subsequent strategies to impart biological functionality. Finally, we show relevant biological applications of these
upconverting nanoparticles as a platform for photodynamic therapy, photocleavable drug delivery and optical

trapping.
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PL 3 - Frontier of Quantum Molecular Spintronics Based on Single-

Molecule Magnets: Toward Green I T Innovation

Masahiro Y amashita
Department of Chemistry, Faculty of Science, Tohoku University, Sendai 980-8578, Japan

yamasita@agnus.chem.tohoku.ac.jp

Spintronics is a key technology in 21% century based on the freedoms of the charge, spin, as well as orbital of the
electron. The MRAM systems (magnetic random access memory) by using Giant Magnetoresistance (GMR) or
Tunneling Magnetoresitance (TMR) have several advantages such as no volatility of information, the high
operation speed of nanoseconds, the high information memory storage density, and the low consuming electric
power. Usually in these systems, the bulk or classical magnets composed of the transition metal ions are used,
while in our study we will use Single-Molecule Magnets (SMMs), which are usually composed of multi-nuclear
metal complexes and nano-size magnets. Moreover, SMMs show the slow magnetic relaxations due to the
double-well potential defined as [D|S? and the quantum tunneling. In our study, we hope to redize the new
quantum molecular spintronics such as GMR and TMR by using SMMs.

According to such a strategy, we have synthesized the conducting SMM such as [TbPc;]Clgs, Whose blocking
temperature is 47K. The hysteresis is observed below 10K. This SMM shows the negative magnetoresistance
below 8 K. Asfor the second strategy, we try to input/output one memory into/from double-decker Th(l11) SMM
(TbPcy) by using the spin polarized STM (Scanning Tunneling Microscopy). In this research, we have observed
Kondo peak by using STS (Scanning Tunneling Spectroscopy) for the first time. We have succeeded in
controlling the appearance and disappearance of Kondo peak by the electron injection using STS, reversibly. This
is considered as the first single-molecule memory device.” As for the third strategy, we have made the FET (Field
Effect Transistor) devices of SMMs. The DyPc, device shows the ambipolar (n- and p-type) behavior, while the
TbPc, device shows the p-type behavior.? As for the fourth strategy, we have made doping of Cs atoms onto
Pc,Y, where Kondo peaks have not observed by coupling between the radical of Pc and 6s electron of Cs atom to
make a single pair, while other Pc,Y sites show Kondo peak due to the radicals. Asfor the fifth strategy, we have
succeeded to write the letters of T and U, which are the initials of Tohoku University as shown in Figure.®*
Fig. Initials of Tohoku University

As for the sixth strategy, we have evaporated TbPc, SMM on the magnetic Co surface, and by using the
magnetic Cr tip, we have observed the GMR (200 %) for the first time.
Finally, we have evaporated the Co film and TbPc, on Au surface, and

by using the magnetic Cr tip, we have observed the TMR with the ' > - -
double butterfly structure for the first time. e »

. »
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PL 4 — Computational Enzymatic Catalysis

Maria Jodo Ramos

UCIBIO@REQUIMTE, Department of Chemistry and Biochemistry, Faculty of Sciences, University of Porto,
Rua do Campo Alegre /n, 4169-007 Porto, Portugal

I will begin by summarizing the areas of research currently developed in our group, which are enzymatic catalysis,
computational mutagenesis, protein dynamics and energetics, software development for docking and virtua
screening, and drug design. Subsequently, the establishment of enzyme reaction mechanisms with QM/MM
techniques (1,2) will be addressed, emphasizing the methodological aspects that have to be taken into
consideration to achieve accurate and reliable results. The role of enzyme flexibility on catalytic rates will be
discussed too.
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PL 5- Hybrid Hydrogels as Platform for Cell Growth and Differentiation

LuisaDe Cola', F. Fiorini*, E. A. Prasetyanto’, F. Taraballi? and E. Tasciotti?

Institut de Science et d'Ingénierie Supramoléculaires, Université de Strasbourg,
8 allée Gaspard Monge, 67083 Strasbourg, France

Department of Nanomedicine Houston Methodist Research Institute,

6670 Bertner Ave, 77030 Houston, TX, USA

Since their introduction in late 1950s', hydrogels have been studied for many biomedical applications such as
sensing, drug delivery and tissue regeneration®. They have received increasing attention because of their ability to
mimic the environment of natural tissues, due to their high water content® and the presence of interconnecting
pores that facilitate the free diffusion of oxygen, nutrients and growth factors.

In particular, we are mainly interested in exploiting hydrogel network composed by chemically cross-linked

biocompatible polymer chains as scaffolds for analyzing cell-material interaction and for tissue regeneration
4

purposes”.

The talk will discuss how to obtain hydrogel able to incorporate mesoporous silica nanoparticles into the
polymeric matrix in order to obtain a soft material able to release nutrients to the cells, and thus sustain their
growth in the whole thickness of the scaffold.

Finaly, we show a preliminary study in vivo and how to eliminate the inorganic nanoparticles by creating
breakable silica capsules for protein and enzyme delivery®.
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PL 6 - A chemist’s playground: silicates and coor dination polymers

J. Rocha

University of Aveiro, Department of Chemistry, CICECO-Aveiro Institute of Materials, 3810-193 Aveiro,
Portugal

In this talk | shal highlight some of the work carried out in Aveiro, in the last few years, on nanoporous
transition-metal and lanthanide (Ln) silicates and on Ln-bearing coordination polymers (or metal organic
frameworks, MOFs). The main focus will be on the design of (nano) materials for sensing small molecules[1] and
temperature [2-4] and for drug delivery [5], treating bone tissue disorders [6] and use as pharmaceuticals.

While nanoporous (zeolite-like) silicates are highly robust (thermal and chemical) systems, allowing applications
in relatively harsh conditions, it is very challenging to synthesise the desired architectures and modify them post-
synthesis. In contrast, MOFs operate in milder conditions and often lack robustness but they are much more
amenable to ‘rational synthesis and post-synthetic modification. Thus, together, metal silicates and MOFs
provide awonderful playground for chemists and atoll box for engineering applications.

Key Words: microporous silicates, metal organic frameworks, lanthanides, photoluminescence, drug delivery,
bone regeneration

Acknowledgements: This work was developed in the scope of the project CICECO-Aveiro Institute of Materials
(Ref. No. FCT UID /CTM /50011/2013), financed by national funds through FCT/MEC and when applicable co-
financed by FEDER under the PT2020 Partnership Agreement.
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K1 — Chemistry hand in hand with Cultural Heritage, for preservation and

access

M. J. Melo*, V. Otero’, C. Montagner®, M. Vilarigues®

Department of Conservation and Restoration and LAQV-REQUIMTE, Faculty of Sciences and Technology,
Universidade NOV A de Lisboa, 2829-516 Monte da Caparica, Portugal.

Department of Conservation and Restoration and VICARTE, Faculty of Sciences and Technology, Universidade
NOVA deLishoa, 2829-516 Monte da Caparica, Portugal.l.

Abstract

Purpose: Amadeo de Souza-Cardoso (1887-1918) was a major and influential
modernist Portuguese painter. His place in art history is being internationally
recognized as attested by the great exhibition of his works in Grand Palais
(Paris 2016), which is being prepared by Helena de Freitas, who aso
coordinated the edition of Amadeo's Catalogue Raisonné. The technical
studies of the painting of Amadeo de Souza-Cardoso, developed for his
Catalogue Raisonné - Volume Il (2008), formed an interdisciplinary
intersection with art history and conservation science. This opened a field of
discovery surrounding his molecular palette that has proved particularly
productive for determining the authenticity of works. It also showed that the eye of the art historian and molecular
analysis converged in "seeing" authenticity. Following these two trails, we will discuss our recent discoveries and
how they contribute for the preservation of works of art which we want to last forever.

Results and conclusions:

The hand of the artist in bits. Art Historians recognise the “hand” of an individual artist by the particular
expression of the brush in the paint, now frozen in the surface of the painting. In a partnership with computer
scientists, we proved that computer analysis assist this process and complement this visual assessment. The output
of this research is a generic system to classify paintings that will be tested by PJ (Policia Judiciaria). The system
includes a set of image processing tools for paint surface analysis and a set of statistical models for brushwork
analysis.

Chrome yellow & exploring W&N archives: 19" c. archaeochemistry. Chrome yellow is widely present in
Amadeo’'s works and we are focusing on this pigment as it is known to be unstable in the work of many of his
contemporaries internationally. He used paint materials from the popular artists' colourmen, Winsor & Newton
(W&N), aswell as Lefranc and Bourgeois. Our research strategy was based in a stepwise approach, initiated with
and in-depth research in 19™ c. pigment manufacture, followed by ageing experiments and comparison with oil
paints and paintings from Amadeo. Access to the records from W&N’s 19" c. archive showed W&N's
determination to produce the best quality and most stable chrome yellow possible. Our experiments also led to the
proposal of a light susceptibility index for yellow lead chromates. Such an index will alow to predict the
sensitivity of chrome yellow paints and to design appropriate stabilization strategies for important modern
paintings. With this proposal we also aim to protect Amadeo's works, preventing a putative darkening of the
ubiquitous chrome yellow colour.

Key Words: Amadeo de Souza-Cardoso; Authenticity; Chrome yellow; Winsor & Newton
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K2 - Luminescent chemosensors: from molecules to nanostuctures
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! Dipartimento di Chimica “Giacomo Ciamician”, Universita degli Studi di Bologna, Via Selmi 2, 40126 Bologna,
Italy.

* nelsi.zaccheroni @unibo.it
Abstract

Chemical analysis has been greatly improved by the advent of sensory devices based on chemosensors that are
able to transform chemical information (composition, concentration, etc.) into an analytically useful signal and
they find applications in many different areas of great social and economic impact. We focused our research
activity on luminescent chemosensors as they present many advantages. sensitiveness, low cost, ease of use,
versatility, and they offer the possibility to reach sub-nanometer spatial and sub-millisecond temporal resolution.
Our design is based on the principles of supramolecular chemistry and we have investigated systems for the
detection of metal ions relevant to the biomedical and environmental fields (fig. 1). [1,2] In order to make a
further step forward and overcome the typical limitations of molecular chemical sensors we decided to move from
monofluorophoric systems to multifluorophoric ones, implementing the chemosensor in nanostructures. We have
focused our attention on luminescent silica nanoparticles as versatile platforms able to merge al the required
chemosensor features and to induce collective interactions, thanks to local organization and proximity of the units,
to obtain signal amplification effects and affinity and selectivity enhancement. [3] Moreover, the versatile nature
of these systems allows for different design approaches and we exploited silica-core/PEG-shell nanoparticles to
vehiculate to biological media aso water insoluble chemosensors hosted in their shell. [4,5] Doped nanoparticles
yielded photophysical processes, such as directional energy transfer, able to sensitize and amplify the
chemosensor detection signalling.

In summary, a proper design provided us molecular luminescent chemosensors able to selectively image, in cells,
cations of biological interest such as Mg* and Zn*, thus permitting, for example, the detection of the total
intracellular magnesium. The nanoparticle-based systems, overcoming some molecular intrinsic limitations,
exploit modulation and multifunctionality to obtain signal amplification, selectivity enhancement and tunability.

Figure 1. Schematic representation of an off-on chemosensor and Zn** imaging in cells.
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K3 - Enzymatic Activity Mastered by Altering Metal Coordination:

Coordenation Chemistry working for Biology

José J. G. Moura
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Abstract

Purpose:

Transition metals are essential to life and form very stable complexes with the side chains of amino acid residues
present in proteins, defining metal centers with defined geometry. Complexes with fulfilled coordination spheres
are not prone to interact with substrates, so in the majority of cases, electron transfer is the anticipated function
(electron transfer centers). Complexes with incomplete coordination spheres or containing labile groups can easily
coordinate substrates and enabl e reactions leading to the formation of products, forming catalytic competent active
centers. However, in some instances, these complexes are inactive catalytic centers. Thus, the enzymatic activity
can be monitored by changes in the coordination sphere of the catalytic metal center. The conversion of inactive
forms of active forms can be triggered by changes of coordination number, accompanied by conformational
changes, creating coordination positions available substrate binding.

Conclusions:

Several examples are discussed, clearly showing that the metal coordination sphere controls enzyme activity and
that the dynamics of transformation of inactive into active species results in structural rearrangements. A common
theme will be outlined where ligands and electrons control metalloproteins activity using concepts of
Coordination Chemistry.

Key Words

Enzyme activation, active and inactive states, activity control by changing the coordination sphere,
metalloenzymes, heme proteins
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K4 - Computational Organometallic Chemistry: Synthesis of (-)-Morphine
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Department of Chemistry and Biochemistry, University of Delaware, Newark, Delaware 19716 USA.
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Abstract

Purpose: Morphine has been used, in one form or another, as a valuable pain reliever for over three thousand
years. Morphine poses an interesting challenge for organic synthesis and to date, organic chemistry has not been
able to replace the unripe poppy as a source for this important medicine. We will present a simple route to (-)-
morphine via the asymmetric construction of a 6,6,6 cis fused tricyclic ring system using a tandem
enantiosel ective allylation / oxy-Cope approach.

Key Words:. enantioselective organic synthesis, natural products, organocatalysis, medicinal chemistry, morphine
alkaloids
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P. A. Fernandes
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Abstract

Purpose: To identify new bioavailable molecular scaffolds that inhibit target enzymes with micromolar affinity,
and to optimize these scaffolds through chemical modification to achieve nanomolar affinity. To identify
pharmacophores based on the transition state analogue paradigm. To identify bonding hot spots at protein
interfaces.

Experimental description: The methodology is purely computational. To find new inhibitory scaffolds we start
with a database of about one thousand compounds (binders and chemically related non-binders) and develop
protocols to distinguish between them. After fitting the methodology we search for good binders in a library of
over six million compounds, selecting the best binders among them. In the transition state anal ogue philosophy we
first determine the enzymatic reaction mechanism at the QM/MM level and identify the structure of the rate-
limiting transition state. This will be used as a template in similarity searches within the very large compound
library. After experimental validation we propose chemical changes to increase affinity and calculate the gain in
binding free energy through molecular dynamics, using a plethora of methods such as thermodynamic integration
or Bennett acceptance ration. To find hot-spots in protein interfaces we use our method for computational alanine
scanning mutagenesis and make a binding free energy map of the whole protein-protein interface. The places with
complimentary hot-spots and cavities are identified as the druggable spots.

Results: Improved scoring functions have been achieved. A method for computational alanine scanning
mutagenesis has been developed and validated. Protocols for computational hit-to-lead optimization have been
tuned. A set of new low micromolar inhibitors have been identified (target and structures are confidential at this
moment).

Conclusions: Computational chemistry can lead to great benefits in drug discovery, accelerating hit identification
and hit-to-lead optimization. Key for the success is the specialization and focusing of aresearch group in the field
of theoretical and computational chemistry.

Key Words: drug discovery, virtual screening, docking, molecular dynamics, free energy calculations, quantum
mechanical/molecular mechanical hybrid methodologies.
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molecules
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Abstract

Purpose: Diatoms are single-cell photosynthetic algae characterized by beautiful symmetrically nanopatterned
microscopic silica shells (frustules), which exhibit intriguing mechanical and photonic properties. The possibility
to manage these biosilica structures as multifunctional scaffolds by chemical modifications opens up the way to
biotechnol ogi cally-produced nanomaterials with applications ranging from bio-medicine to photonics'.

Experimental description: We used two approaches for the functionalization of diatoms biosilica with several
organic molecules (e.g. fluorophores, stable organic radicals) bearing the triethoxysilyl group. The first is based
on covalent attachment of the dye molecules on the silica shells (after the removal of the organic cellular matrix)
by condensation reactions of the triethoxysilyl groups with the frustules' silica surfaces. The second approach is
based on in vivo incorporation of the molecules into the biosilica during the cell growth.

Results: The lecture will discuss two examples of nanomaterials for ®
different applications obtained by chemical functionalization of @
biosilica from diatoms microalgae (figure). In the first case in vivo P e O
incorporation of several classes of ad hoc synthesized light emitting |
molecules (fluorescent conjugated compounds or phosphorescent ' -
organometallic complexes) in living Thalassiosira weissflogii and o = o
Coscinodiscus wailesii  diatoms results in nanostructured light ® O
emitting materials. The second example will present functionalization 0

of bioslica from Thalassiosira weissflogii  with 2,2,6,6- S Y @ 'o_m
tetramethylpiperidine-N-oxyl (TEMPO), an efficient scavenger of % <

reactive oxygen species (ROS) in biological systems. Drug delivery

properties of the TEMPO-biosilica for Ciprofloxacin, an . e ,(N,v\;_f\o 1 ull == ciprofloxacin
antimicrobial against orthopedic implant related infections, will be ey

discussed. The TEMPO-biosilica, combining Ciprofloxacin drug

delivery with anti-oxidant properties, is demonstrated to be a suitable material for osteoblast-like cells growth?.

Conclusions: We disclose biosilica from diatoms microalgae as a multifunctional material for nanotechnology
and regenerative medicine. Our studies point out at the combination of biotechnological production and chemical
modification as a convenient approach to the synthesis of functional nanostructured materials.

Key Words: bio-nanomaterials, biosilica, diatoms, light emitting molecules, organic radicals, drug delivery.
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K7 - Research-involved teaching: strategiesto link teaching and research in

the science under graduate curriculum

E. Bertolo

Biomolecular Research Group, School of Human and Life Sciences, Canterbury Christ Church University,
Canterbury CT1 1QU United Kingdom.

Abstract

Purpose: Teaching and research are the two most important activities taking place in university, and it is a
commonly held view that there is a natural positive relationship between staff engagement in research and the
quality of student learning. The assumption is that research active staff will be aware of the current developments
in their field, which will in turn enhance their students' learning experience. However, several studies have shown
that, although teaching can benefit from being linked to research, establishing successful links is neither simple
nor automatic.

All undergraduate students could greatly benefit from experiencing learning through, and about, research and
inquiry. Initiatives such as “Student as producer”, at the University of Lincoln (UK), or “Research-involved
teaching”, at Canterbury Christ Church University, aim to bridge the gap between research and teaching at
undergraduate level. In such initiatives, research and research-like activities are put at the centre of the
undergraduate curriculum, and the focus is on students learning in an active (research-like) manner. Ideally, the
student goes from being the mere recipient of knowledge to become a collaborator in the production of
knowledge.

This talk provides an overview of the way research and teaching have been integrated in the undergraduate
science curriculum at Canterbury Christ Church University, in what we call “research-involved teaching”. The
talk includes examples of how the teaching-research nexus can be enhanced in science disciplines. The aim is to
spark discussion among the audience as to how they could develop these and other approaches in their own
practice, to promote a “research-involved teaching” culture in the delivery of their undergraduate programmes.

Conclusions: Successful linkages between teaching and research are strongly dependent on academics ability to
encourage and facilitate an inquiry based approach to learning. The focus is on the student learning experience,
rather than on teacher excellence.

References: (links accessed 4 November 2015)
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K8 - Anthocyanins and Related Compounds Multistate Systems. Achieving
Complexity at the Bottom.
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Lisboa.

Abstract

Purpose: Complexity can be achieved at the bottom in a process similar to metamorphosis. Following this
concept anthocyanins and related compounds are examples of reversible multistate systems addressable by pH,
light, temperature and redox stimuli, see Scheme 1 for 4, 7-dihydroxy-3-methoxyflavylium.

Isomerization Tautomerization Hydration Proton Transfer
OH OH
oH k
- O P
-~ 7
h 1 k1 'OCH3
SC eme trans-Chalcone clschalcone Hemlketa] Flavylium cation Quinoidal base
() (Cc) (A)

(AH")
Experimental description: The thermodynamlc and Ki netlcs of the several chemical species was characterized by
NMR, stopped flow, flash photolysis, pH jumps and continuous irradiations.

Results: According to the position and nature of the substituents in the flavylium cation core the thermodynamic
and kinetics of the multistate changes dramatically. Examples of a variety of systems will be presented. In
particular an energy level diagram showing the relative energies at the equilibrium and the rates of the species
interconversion are presented, see Scheme 2.
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Scheme 2. A-Energy level diagram for 3'.4’,7.tetrahydroxyflavylium; B- Dual photochromism in 4’,7-3-
methoxyflavylium (S. Gago, N. Basilio, A. Moro, F. Pina, Chem. Commun., 2015, 51, 7349-7351)

Conclusions: The results have contributed to the understanding of the anthocyanins chemical behavior with
implications in food coloring and permitted to obtain new photochromic systems as well as conceive models for
optical memories.

Key Words: Anthocyanins, dual-photochromism, optical memories, stopped flow, food coloring.
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K9 - Alternative heating methods in the synthesis of biologically active

heter ocyclic compounds

Artur M. S. Silva
Department of Chemistry & QOPNA, University of Aveiro, 3810-193 Aveiro, Portugal. artur.silva@ua.pt
Abstract

Great efforts are being done by synthetic chemists to generate the target molecules through greener chemical
processes, by using safer, less toxic, and more benign solvents, or by solvents elimination, as well as by lowering
energy consumption through the use of milder reaction conditions. To achieve this goa greener synthetic
methodologies and alternative heating processes have been devel oped.

In the last decade our research group has been interested in the synthesis of some biologically active oxygen and
nitrogen heterocyclic compounds using the referred greener reaction conditions. In that way, e.g. we have
performed microwave assisted syntheses: i) of several types of xanthones by the Diels-Alder reaction of
appropriate dienylchromones and dienophiles under solventless conditions, which were not possible using
classical heating conditions;" ii) of indazoles by the Diels-Alder reaction of 4- and 5-styrylpyrazoles with N-
methylmaleimide.? Microwaves were also used in several other transformations in order to shorten the reaction
time.

Recently, we have developed the first ohmic heating (QH) reactor for organic synthesis (Portuguese patent n°
105908). Its functioning is based on an energy efficient heating method where the reaction mixture, which
behaves as an electrical resistor, is heated by passing electricity through it (electrodes are in contact with the
reaction medium which should be conductive).®* Electrical energy is dissipated into heat with high efficiency
allowing rapid and uniform heating. Here we will present our reactor and some examples of reactions performed
in water (benign solvents) using this heating method.” The results, compared with those obtained under
conventional (oil bath) and microwave (MW) heating, in the same conditions, showed that the ohmic reactor
allows faster and more uniform heating and induced an increase of dynamics/mobility of charged species in
solution, with a virtually unlimited penetration depth (volumetric heating), on contrary to MW heating, leading in
most cases to higher reaction yields (waste reduction) and shorter reaction times (energy savings).*

All the described microwave and ohmic heating assisted syntheses will be presented and discussed.
Key Words: Microwave irradiation; Ohmic heating; Oxygen and nitrogen heterocyclic compounds

Acknowledgements: Thanks are due to FCT/MEC for the financial support of the QOPNA research Unit (FCT
UID/QUI/00062/2013) through national founds and, where applicable, co-financed by the FEDER, within the
PT2020 Partnership Agreement and to the Portuguese NMR Network.

a) D.C.G.A. Pinto, A.M.S. Silva, C.M. Brito, A. Sandulache, J.R. Carrillo, P. Prieto, A. Diaz-Ortiz, A. delaHoz,
JA.S. Cavaeiro, Eur. J. Org. Chem., 2005, 2973-2986. b) H.M.T. Albuquerque, C.M.M. Santos, JA.S.
Cavaleiro, A.M.S. Silva, Eur. J. Org. Chem., 2015, 4732—4743.

a) V.L.M. Silva, AM.S. Silva, D.C.G.A. Pinto, JA.S. Cavaleiro, Synlett, 2006, 1369-1373. b) V.L.M. Silva,
A.M.S. Silva, D.C.G.A. Pinto, J. Elguero, JA.S. Cavaeiro, Eur. J. Org. Chem., 2009, 4468-4479. c) I.C.S.
Cardoso, V.L.M. Silva, A.M.S. Silva, Synlett, 2015, 26, 945-949.

V.L.M. Silva, A.M.S. Silva, L.M.N.B.F. Santos, A.M.G. Silva, J. Pinto, R. Enes, JA.S. Cavdeiro, A. AM.O.S.
Vicente, JA.C. Teixeira, A. Morais, J.C.S. Costa, Portuguese Patent, n° 105908, 2011-09-27.

a) J. Pinto, V.L.M. Silva, A.M.G. Silva, A.M.S. Silva, J.C.S. Costa, L.M.N.B.F. Santos, R. Enes, JA.S. Cavaleiro,
A.A.M.O.S. Vicente, JA.C. Teixeira, Green Chem., 2013, 15, 970-975. b) J. Pinto, V.L.M. Silva, A.M.G. Silva,
L.M.N.B.F. Santos, A.M.S. Silva, J. Org. Chem., 2015, 80, 6649-6659. c) M.F.C. Cardoso, A.T.P.C. Gomes,
V.L.M. Silva, A.M.S. Silva, M.G.P.M.S. Neves, F.C. Silva, V.F. Ferreira, JA.S. Cavaeiro, RSC Adv., 2015, 5,
66192—66199.

47



IC3TC 2015 - Proceedings

K10 — Chemistry solving challengesin pulmonary delivery
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Lisboa.

Abstract

Purpose: The integrated use of supercritical carbon dioxide and micro- and nano-technologies has been enabling
new sustainable strategies for the synthesis and processing of polymers. In particular, this presentation will
address the sustainable methodologies followed to develop novel excipients and particle engineering strategies to
produce new powder formulations for pulmonary delivery.

Experimental description: By using “green” supercritical carbon dioxide (scCO,), either as C1 feedstock or as
solvent, simple, economic, efficient and clean routes were designed to synthesize materials with unique properties
such as PURE-type dendrimers, oxazoline- and aziridine based oligomers [1,2]. These new biocompatible,
biodegradable and water-soluble polymeric materials can be engineered into multifunctional constructs with
antimicrobial activity, targeting moieties, labeling units, and/or efficiently loaded with therapeutics.

Results: Drug nano-vehicles were encapsulated inside chitosan microparticles, which are manufactured from a
non-toxic, biocompatible and renewable polymer with mucoadhesive properties [3]. To do that we used a
laboratory scale supercritical assisted spray-drying (SASD) apparatus that offers the possibility to control both
particle size and morphology. These particles were then characterized by Morphologi G3, SEM and FT-IR
analysis. The median aerodynamic diameters of the developed microparticles were also determined
experimentally and found to be in the range 1-6 um, appropriate for inhalation purposes. The load of
nanoparticles per microparticle and the drug release profiles were investigated in order to evaluate the nano-
inside-microparticles performance as drug rel ease systems.

Conclusions: The underlined examples demonstrate that the new dosage forms presented are new breakthroughs
in pharmaceutics and may lead to innovative products to improve the treatment of respiratory diseases.

Key Words: green chemistry, nano-in-micro carriers, dry powder formulations, pulmonary delivery,
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O 1S -Your manuscript through an editor's eyes. some insights into

publishing today

David Peralta’

Associate Editor, ChemistryOpen and ChemMedChem, Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim,
Boschstrasse 12, 69469, Weinheim, Germany; dperalta@wiley.com

Abstract

One of the oft-repeated tenets of the scientific world is "Publish or Perish.” In this talk, a full-time editor for a
peer-reviewed chemistry journal gives you an insider's look into getting your scientific article published. What
exactly happens when one submits a paper to a scientific journal? How are papers processed and evaluated? What
do editors and referees look for in a good paper? What can one do to improve the chances of getting reviewed and
eventually published? These questions and more about scientific publishing will be covered in this talk, which will
hopefully provide useful tips for your next submissions.

References:

[1] Moore, Andrew. Writing Science Well. Wiley. Available at http://bit.ly/WritingScienceWell

[2] Threlfal, Richard. Tips for Writing Better Science Papers and Tips for Your Poster and Your Presentation.
ChemistryViews, Wiley-VCH Verlag GmbH & Co. KGaA. Available at http://bit.ly/GoodScienceWriting

[3] AACC. Clinical Chemistry Guide to Scientific Writing (14 Parts). Clinica Chemistry. Available at
http://bit.ly/ChemistryWritingGuide

[4] Sainani, Kristin. SciWrite: Writing in the Sciences (A Stanford Lagunita Online Course). Available at
http://bit.ly/SciWriteSainani

[5] Coghill, Anne M and Garson, Lorrin R (Eds.). The ACS Style Guide (3 Edition). American Chemical Society,
2006. Available at: http://bit.ly/ACSStyleGuide2006

Key Words: scientific writing, publishing, peer review, editorial

Correspondence: dperalta@wiley.com

51



IC3TC 2015 - Proceedings

52



IC3TC 2015 - Proceedings

Oral Presentations

53



IC3TC 2015 - Proceedings

54



IC3TC 2015 - Proceedings

O 1A - Proton conductive lanthanide-based metal-or ganic frameworks

Y. Gao, N. Yang, M. C. Mittelmeijer-Hazeleger, G. Rothenberg, S. Tanase-Grecea

Van ‘t Hoff Institute for Molecular Sciences, University of Amsterdam, Amsterdam, The Netherlands
Abstract

Purpose: Designing proton conductive metal-organic frameworks (M OFs) featuring 3D robust networks.

Experimental description: Two synthetic strategies have been designed to make microporous lanthanide MOFs:
one involves the self-assembly of lanthanide building-blocks with octacyanometallates whilst the other uses the
solvothermal reaction between lanthanide salts and pyrazine-dicarboxylic acids.

Results: It will be presented the single-crystal X-ray structure of two types of MOFs that have highly hydrophilic
open channels filled with water molecules. They enable high proton conductivity, as much as 10-3 Scm-1. A rich
hydrogen-bonding network, formed by the ligands functional groups with both coordinated and lattice water
molecules, facilitates the high proton conductivity. Combined thermogravimetric studies, FTIR spectroscopy and
PXRD analysis show that upon heating at 80 °C, the lattice water molecules are removed without any change in
the framework. Further heating at 130 °C results in a partial removal of the coordinated water molecules, while
still retaining the original framework. These activated M OFs shows an increasing conductivity when the relative
humidity increases. Our studies show that the increase in proton conductivity is correlated with the re-hydration of
the framework with lattice water molecules. The Arrhenius activation energy for the proton conductivity process
indicates that the protons “hop” through the channels following the Grotthuss mechanism.

Conclusions: The MOFs discussed are remarkably stable both under high humidity conditions and at relatively
high temperatures (up to 150 °C). This makes them
attractive candidates as proton-membrane for fuel cell
applications.

Key Words: lanthanide, M OFs, proton conduction
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Abstract

Purpose: Over the last years, the design of luminescent probes for application as chemosensors plays an important
role in clinical medicine, biology, and environmental chemistry. Therefore, it is evident the necessity to develop
advanced materials and new methods for the analytical determination of toxic metals. However, the challenge of
working in biological and environmental samples is that our fluorescent probe must be soluble in agueous media,
and also have low detection limits and high selectivity for the analyte in study. One way to overcome thisissueis
to immobilized our systemsin a solid support devices and then be used for sensing in aqueous solutions.

Experimental description: Sensoria ability of compounds derivatives from Vitamin B6, rhodamine, porphyrin,
as well as, Pt(Il) complexes of dicatenar pyridylpyrazolate units were studied towards several metal ions and
biological molecules, as amino acids. Interaction studies were carried out in solution (organic or agueous) and in
solid supported devices. These studies were monitored by absorption and emission spectroscopy.

Results: Colorimetric and Fluorimetric changes were selectively observed for Hg?*, AI** and Ir*" metal ions, as
well as, for the amino acids cysteine and histidine in real samples (solution) and in solid supported materials.

Conclusions: The selective sensorial ability to metal ions and amino acids, of probes with excitable
chromophores from UV to visible-far red, was successful evaluated in solution and in solid supported devices
alowing the detection of fewest amounts of these metal ions and biological molecules. The fina systems showed
to be very biocompatible, allowing the detection of the studied analytesin real samples.

Key Words: Chemosensors, amino acids, metal ions, fluorescence, solid supported materials.
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Abstract

Purpose: The formation of novel biodegradable polymers with industrial applications is a fundamental task
nowadays. The aim is to obtain novel materials from renewable and sustainable resources, which should make
them biocompatible and biodegradable — an important feature for industrial high-value-added applications with
respect to environmental considerations. The synthesis of sugar-containing synthetic polymers, generally known
as poly(vinylsaccharide)s, and their application for functionalizing petrochemical polymers, have been
increasingly investigated. Among the carbohydrates, sucrose, produced from renewable sources, is the most
abundant sugar, but only a small percentage of its production is used as a chemical reagent.

Experimental description: One major drawback for the direct use of sucrose for industrial processes is its
polyfunctionality. Consequently, the control of chemoselectivity is a major challenge in the development of its
potential applications. We will present the recent trends in the chemosel ective synthesis of sucrose building blocks
and the synthesis and characterization of synthetic sucrose-based polymeric materials.

polymerizable unit

spacer —>L§) N -
linkage —™ ‘ (+) b g\/

styrene
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Results: To obtain polymers the first step is the synthesis of monomers. The main objective was to functionalize
sucrose molecule with substituents containing double bonds, then to study the polymerization processes and to
characterize the resulting polymers.

Conclusions: Novel unsaturated esters and ethers were synthesized chemoselectively; A series of linear sucrose
containing copolymers have been obtained and characterized; It was found, that the copolymers synthesized were
biodegradable, even when containing protected hydroxyl groups; The copolymers with low content of sucrose
moieties were soluble in organic solvents, while the ones with sucrose content higher than 10 mole % were
hydrophilic and swelling in water.

Key Words: carbohydrate chemistry; saccharose; microwave-assisted synthesis; synthetic polymers;
biodegradable polymers
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Abstract

Small-ring azaheterocyclic systems have acquired a pivotal position as building blocks in organic chemistry. In
particular, aziridines, azetidines and beta-lactams have been shown to be eligible synthons for the construction of
a broad variety of stereodefined heterocyclic frameworks, often endowed with pronounced biological activities.

In this presentation, the synthetic flexibility of these three- and four-membered systems toward the preparation of
different types of nitrogen-containing target structures will be explained by means of selected examples. In that
respect, a number of novel synthetic strategies toward a broad set of important heterocyclic scaffolds will be
discussed (see Figure 1). In particular, different new methods for the regio- and stereosel ective rearrangement of
aziridines, azetidines and beta-lactams into functionalized four- to seven-membered hetero(bi)cycles will be
disclosed. All these compounds represent relevant moieties encountered as substructures in a variety of
biologically active synthetic and natural products.
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Abstract

Purpose: Metal—organic materials are found to be a fascinating novel class of functional nanomaterials. The
infinite combinations between inorganic and organic building blocks enable to synthesize multidimensional
nanostructures based on coordination polymers (CPs) with awide range of compositions, morphologies and sizes.
The potential applications of these materials are related to their physicochemical properties that can be tuned in an
easy manner by changing the nature of metal ions and organic ligands. This class of nanoscale materials is of
interest to a cross-section of researchers working in interdisciplinary environment (chemistry, physics, medicine,
materials chemistry, etc.) in the field of energy, environmental issues and health care.

During the last years, in our group we have developed different materials based on coordination polymers that
exhibit diverse physicochemical properties that make them suitable for their use as smart materials with tunable
optical/magnetic responses and sensitive to external stimuli (e.g. valence tautomeric materials). Another
interesting application, derived from the versatility of these materials is their use in Nanomedicine as
nanocarriers[1], smart drug delivery systemg[2], biopolymerg 3], and theranostic platforms[4]. The accurate
design of these nanomaterials alow to build nanoconstruct adequate for the encapsulation of an specific specie,
make the material sensitive to external stimuli, and decorate the surface to increase their functionality.

Experimental description: The rational design of the CPs allowed obtaining a wide number of micro-
/nanomaterials with well-defined physicochemical properties. Depending on the nature of the metal ion and the
organic ligands, interesting optical or magnetic properties have been achieved. Different systems have been
studied as potential molecular switches in memory devices or as contrast agents for bioimaging. The ability of
some CPs to encapsulate or to integrate in the structure different active species, join to the low toxicity, has favor
their application in nanomedicine as drug delivery platforms. Moreover, the ease to decorate the CPs' surface
alows modifying different physicochemical properties or increasing their functionality.

Results: All the preliminary results have allowed controlling different physicochemical properties (crystallinity,
hydro/lipophilicity, chemical stability, etc.) and parameters related to optical/magnetic properties. In materials
with potential applications in medicine some complementary studies concerning biocompatibility, control release,
cellular uptake and dispersion in biological media have been performed.

Conclusions: We present a low cost and scalable synthetic procedure to obtain multifunctional nanoparticles
based on crystalline or amorphous coordination polymers that exhibit: i) novel optical/magnetic properties, ii) low
toxicity, iii) high payload properties, iv) sensitivity to external stimuli, v) drug delivery control release, and vi)
imaging properties suitable to be applied in nanomedicine.

Key Words: Coordination polymers, valence tautomerism, drug delivery, theranostic, nanoparticles.
Correspondence: fnovio@cin2.es
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Abstract

Purpose: Bis(amino acidato)copper(l1) complexes, Cu(aa),, are biologically important compounds as a part of the
accessible physiological pool for transport and storage of the essentid element copper.! Bis(L-
histidinato)copper(11), Cu(L-His),, was determined as the predominant Cu(aa), in the blood. The essential role of
Cu(L-His) in copper transport into the cell was crucial for its development as a therapeutic agent in the treatment
of Menkes disease. During the past 40 years, the vast experimental physico-chemical characterisation studies of
Cu(aa), in aqueous solutions mostly yielded the structural information on the first coordination sphere of Cu(ll)
only. Contrary, the complete information can be obtained by theoretical structure investigations using the density
functional theory (DFT) method. Our recent DFT study of physiologically important Cu(L-His), was the first that
clarified its structure in agueous solution at physiological conditions.? The main aim of the study was to contribute
to the physico-chemical characterisation data necessary to discover new potential drugs. Namely, the interest in
copper coordination complex research as antiproliferative agents has markedly increased in the last few years.

Experimental description: In the physiological Cu(L-His), molecule, L-His can coordinate to Cu(ll) in three
modes. glycine-like, G, histamine-like, H, and imidazole-propionic acid-like, I. We investigated the relative
stability of all possible coordination modes and conformations of isolated Cu(L-His),, and several conformers
surrounded with up to 22 H,0.? The geometries and energies were calculated by the DFT/B3LY P method using
the LanL2DZ basis set to which a set of polarisation and diffuse functions on heavy atoms except for copper was
added. The IR and Raman spectra of four Cu(L-His),'20H,O structures, with different Cu(ll) coordination
geometries, were calculated.

Results: Among the 83 isolated conformers obtained, the most stable one had a trans-GG coordination. In the four
Cu(L-His),20H,0 systems, the lowest energy was estimated for a cissHH conformer. The B3LY P dependence
between the wavenumbers and Raman intensities for the cis-HH minimum revealed a very close resemblance with
the experimental Raman spectrum.® Thus, the calculations supported the experimental results with the information
on the exact conformation and cis-configuration (there was a supposition in the literature that the HH coordination
might be trans)® of the prevailing species under physiological conditions.

Conclusions: We concluded that the local arrangement of water molecules around Cu(L-His), and intermolecular
interactions might influence the conformations and coordination modes.

Key Words: Amino acids/ Conformation analysis/ Hydrogen bonds / Raman spectroscopy
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Purpose: Tannins are a group of phenolic compounds mainly known for the sensory properties that they elicit,
namely astringency and bitterness[1, 2].

Astringency is a mouth feel described as dryness, puckering and tightening sensations perceived in the oral cavity
during the ingestion of food/beverages rich in tannins (e.g. red wine) or other astringent compounds (e.g. acids,
metal salts). For instance, astringency is an important quality sensory attribute for red wine consumers. It is
expected that a good red wine develop astringency in balanced levels. Currently several mechanisms have been
proposed for astringency onset. The most accepted is that it is due to the interaction/precipitation of salivary
proteins (SP) by wine tannins, in particular the proline-rich proteins (PRPs) family and mucin protein.

Experimental description: In this work, we focused in: a) study the interaction between human saliva pool and
tannins fractions' to identify the most reactive SP by HPL C b) isolate from human saliva the families of SP more
reactive toward tannins (acidic, basic and glycosylated PRPs, statherin, P-B peptide, mucin), c) synthesize/isolate
tannin compounds with different molecular structures representative of wine/food tannins (dimer B3, dimer B4,
trimers and tetramers), d) characterize the interaction between the previous compounds at molecular level by
Saturation Transfer Diffusion-NMR (STD-NMR) technique [determination of dissociation constants (Kg) and
binding stoichiometry].

Results: The results obtained in the in vitro experiments with the whole saliva pool (competition medium) showed
that tannins firstly interact with acidic PRPs, statherin and P-B peptide, then with glycosylated PRPs and at last
with basic PRPs. Regarding the individual interaction of each SP with different tannins, STD-NMR allowed to
have insights about the tannins region involved in the interaction. For the interaction with al SP, the hydrogens of
ring B (catechol) are always highly involved in binding. Regarding the binding affinity for interaction with a
dimer, it was observed in general a similar trend to the reactivity of saliva pool: aPRP present a Kd of 0.05 mM,
P-B peptide 0.15 mM and bPRP 0.3 mM.

Conclusions: These results support at a molecular level that PRPs, especially aPRP, P-B peptide and mucin are
SP highly involved in the interaction with food/beverages tannins, so probably related to food/beverages
astringency sensation.

Keywords:. proline-rich proteins, mucin, procyanidin, STD-NMR
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Purpose: In recent years, the research effort in luminescent lanthanide complexes with organic ligands has
resulted in a great variety of materials for organic light-emitting diodes (OLEDSs), erbium-doped fiber amplifiers
(EDFAS) and sensory technology. The unique properties of lanthanide ions include narrow emission, large Stoke
shifts and long luminescence lifetimes. Erbium ion (Er®") is of particular interest due to its emission in the C-band
(1.53-1.565 pm) of the fiber-optic optical telecommunication window. Moreover, lanthanide complexes show
remarkable potential as SIMs. Single-molecule magnets (SMMs) or Single-lon Magnets (SIMs) display hysteresis
curves that are not associated with irreversibility effects in domain-wall formation, like in classical magnets, but
which are due to the slow relaxation of magnetization of individual molecules, and can therefore be considered for
information storage, spintronics and quantum computation applications.

Experimental description: A series of highly-coordinated Er(I11) g-diketonate complexes have been synthesized
and thoroughly characterized. Their suitability as emitting layers in near-infrared OLEDs (NIR-OLEDSs) has been
assayed, using a solution-processed method for their fabrication. In addition, some of the complexes have been
tested for slow relaxation of magnetization using AC-susceptibility.

Results: Efficient ligand-mediated sensitization, followed by complete energy transfer by antenna effect, has been
attained for these light conversion molecular devices. Good processability and thin film forming properties have
been found, allowing the integration of the complexes into solution-processed OLEDS, paving the way to obtain
large area NIR-OLEDs. The devices, when excited with an applied voltage, have been shown to display total
quenching of the visible emission and an EL response at 1.53 um very similar to the photol uminescence spectrum,
thus confirming the activation via efficient energy-transfer from the ligands to the Er** ion. The AC-susceptibility
measurements have revealed interesting quantum phenomena such as quantum tunneling and multiple relaxation
barriers.

Conclusions: These lanthanide-based bi-functional materials hold promise for nanoscale electronic devices,
sensors and high-density data storage media at the molecular level.

Key Words: beta-diketonate; erbium(I11); NIR-OLED; Single-lon Magnet.
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Abstract

Purpose: A combination of organic and inorganic entities at a molecular level are in the basis of synthesis of
zeolites, MOFs, COFs, mesoporous materials, macrocellular solids, hierarchically structured materials, clathrates,
membranes, carbon-related functional porous materials, etc. This concept opened the accesses to a wide spectrum
of functionalities. The process engineering is much ahead with respect to the fundamental understandings, which
is strongly hindered by the intrinsic spatial and dynamical disorder experienced by the chemical entities at the
interface. Here we present our computational approach to describe rigorously the factors contributing into the
interface formation by studying dynamic NMR properties as fingerprints of organic-inorganic interface structures
and dynamics.

Experimental description: The presented results are predominantly achieved with quantum chemical (density
functional theory, DFT) computations in combination with Born-Oppenheimer molecular dynamics (BOMD).
Weak interactions are described with an empirical London formula added to the DFT energy and energy gradients.
Classical molecular dynamics was also used to generate a set of conformation in some cases.

Results: The computational approach will be illustrated on organic templates — silicate oxide interfaces in
mesoporous structured materials and in zeolitic (nano-porous) frameworks. Computed dynamic and static NMR
parameters of nitrogen atom, which is present in a large variety of organic templates, are used as sensitive probes
of the interface structures, dynamics and counter-ion distributions. Most attention will be given on the quadrupole
coupling constants and asymmetry parameters, because of their more pronounced sensitivity to the local structural
environments and dynamics [1, 2]. Comparison with experiments carried out on the as-synthesized samples will
be presented as well. The relative effect of fast conformational variations and intermolecular interactions on the
time-averaged NMR quadrupolar parameters was studied trough analysis of the fluctuations of structural key-
parameters that can be computed from the BOMD trgjectories.

Conclusions: Molecular structures of organic templates, and in particular the bond angles involving nitrogen
atoms in the polar heads of the organic molecules (templates), contribute mostly to the NMR coupling parameters.
[3] On the other hand, the molecular structures are adjusted in each particular environment, trough minimization
of electrostatic interactions with the surrounding charges and their displacements, coupled to the fast vibrational
and conformational motions of the molecules. Counter-ion positions can be quantitatively determined from the
comparison of computed and experimental coupling constants.

References: [1] B. Alonso et al. J. Phys. Chem. B 2009, 113, 11906-11920; [2] T. Minevaet a. J. Phys. Chem. C
2011, 115, 19293-19302; [3] E. Dib et al. J. Phys. Chem. A 2014, 118, 3525-3533.
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Abstract

Purpose: Molecular recognition processes found in nature have always inspired scientists to create synthetic
affinity materials. This presentation will show the potentiality of combining Molecular Imprinting and
Supercritical Fluid Technologies in the development of new affinity materials.

Molecular Imprinting is a synthetic technology in which polymers (MIPs) are produced with increased affinity to
a certain molecule using its own functionality and size to create complementary specific —
molecular recognition sites within the matrix. This is accomplished through monomer-template
stabilization by cross-linking polymerization in a porogenic solvent. The development of these
materials using supercritical CO, as porogenic solvent presents many advantages compared to
conventional processes, not just in terms of the final polymer characteristics but also in terms of
the greenness and complexity of the process. Several applications developed at NOVA at the
Clean MIP Tech group will be highlighted, such as the development of fluorescent sensors, drug delivery and
separation processes, showing the high potentiality of this synergistic combination.

Experimental description: Different strategies to obtain affinity polymers will be presented, highlighting their
potential pharmaceutical applications. MIPs are produced in supercritical carbon dioxide in high pressure stainless
steel reactors, equipped with sapphire windows, at 65°C and pressures up to 34 MPa. MIPs are characterized by
SEM, N, adsorption, FTIR, particle size distribution, in vitro drug delivery experiments, binding affinity and
selectivity performances, etc.

Results and Conclusions: Different affinity polymeric matrixes have been developed successfully using the
molecular imprinting technique in supercritical CO,. Examples of MIP particles, membranes and core-shell beads
will be given for potential application in separation, drug delivery and sensors, with special emphasis on API
purification. This work describes a green and sustainable strategy to produce high affinity materials, which are
obtained completely free of organic solvents and ready to use, with no need of intensive post-treatment steps asin
conventional methods.

Key Words: green technology, affinity, pharmaceutical processes, molecular imprinting.
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Abstract

Purpose: The present work reports the spectroscopic and thermo-optical properties of cadmium selenide/zinc
sulfide (CdSe/ZnS) and ultrasmall cadmium sel enide/cadmium sulfide (CdSe/CdS) core-shell quantum dots (QDs)
embedded in synthetic saliva. The studies were performed in QDs-biofluid systems for different QD sizes and
potential of hydrogen (pH) values of the synthetic ora fluids. Saliva was chosen because it is important in a
variety of functions such as protecting teeth through the buffering capacity of the formed biofilm, microbial
control, hydration, and dental remineralization [1,2].

Experimental description: Thermo-optical characterizations by using therma lens (TL) technique [3,4] were
performed using the mode-mismatched dual-beam (excitation and probe) configuration, and applied for
determination of the nonradiative quantum efficiency and the fluorescence quantum efficiency in QDs-biomaterial
systems. A He-Ne laser (A= 632.8 nm) was used as the probe beam, and an Ar” laser (A= 514.5 or 457 nm) was
used as the excitation beam.

Results: Spectroscopy studies were performed applying nonfunctionalized CdSe/ZnS QDs (3.4-6.6 nm) and
ultrasmall CdSe/CdS QDs functionalized (1.6 nm) with hydroxyl groups suspended in artificial saliva at different
pH values as biocompatible environment. TL characterizations in QDs-biofluid systems were investigated for
different QD sizes (3.4-5.1 nm) and pH values (3.9-8.3) of the synthetic oral fluids. QDs in biofluids may be used
as biosensors [2,3], because the pH of human saliva can change for different diseases of the body. Fluorescence
spectral measurements for the biomaterials support the TL results. In addition, for nonfunctionalized (3.4 and 5.1
nm) and functionalized QDs embedded in biofluid the fluorescence temporal studies were performed for different
QD sizes and pH values of the biofluids.

Conclusions: The fluorescence quantum efficiency is dependent on the pH and core size of the CdSe/CdS QDs. A
high fluorescence quantum efficiency was obtained for the ultrasmall CdSe/CdS QDs. The temporal dynamics of
the peak fluorescence intensity was studied for nonfunctionalized and functionalized QDs at two different pH
values (3.9 and 8.3). The temporal behavior of the fluorescence intensity is dependent on the pH of the salivain
which the QDs were embedded.

[1] M. Castagnola et al., Acta Otorhinolaryngol. Ital. 31 (2011) 347; [2] V. Pillaet a., Appl. Spectrosc. 67 (2013)
997; [3] V. Fillaet a., J. Appl. Phys. 112 (2012) 104704; [4] V. Pillaand E. Munin, J. Nanopart. Res. 14 (2012)
1147.
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Abstract

Porphyrin derivatives, which absorb strongly visible light and accumulate preferentially in tumour cells, are the
most common photosensitizers used in photodynamic therapy (PDT).™ Conventional PDT has several drawbacks
like low tissue penetration of standard light excitation and absorption of the photosensitizer outside the therapeutic
window. Two-photon excitation of the photosensitizer is a promising approach to address these limitations. It will
allow an increase in the spatia confinement of the treatment, deeper lesion treatments with infrared light
excitation of the drug and a decrease of the photodamage to the surrounding tissues.[? The synthesis of new water
soluble photosensitizers based on diketopyrrolopyrrole-porphyrin conjugates will be presented (Fig. 1). These
compounds have shown in cells, promising properties as two-photon photosensitizers for PDT.1?

DPP-ZnP DPP-ZnP-DPP

Figure 1. New diketopyrrolopyrrole-porphyrin conjugates as photosensitizers for two-photon PDT.

Association of these potential agents for PDT with a non-invasive modality for diagnosis is appealing for
theranostic applications.! The synthesis and physicochemical properties of molecular compounds that associate
diketopyrrolopyrrole-porphyrin conjugates with Gd(I11) complexes as MRI contrast agents will be discussed.™
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Abstract

Purpose: Peritoneal membrane function changes over time with dialysis leading to aterations in solute and water
conductance. Structural alterations with membrane thickening and changes in membrane cellular constituents are
implicated in this process [1]. The aim of this work is to create a multiplatform approach to assist diagnostic and
prognostic in clinical nephrology.

Experimental description: A multiplatform approach using proteomics techniques, mass spectrometry, ELISA
and bioinformatics (Mass-up software) enable to differentiate patients with glomerulonephritis and diabetic
nephropathy. The free, open-source bioinformatics tool, Mass-UP, was used to classify such profiles using
principal component analysis and hierarchical clustering.

Results: The type of proteins present in the PDE clearly indicates a complex mechanism of membrane
transportation through the peritoneum [2]. The protein AMBP, vitamin D-binding protein, al-antitrypsin and
pigment epithelium-derived factor, identified in our experiments, have been associated with diabetic nephropathy.
Moreover, Ig mu chain C region and fibrinogen gamma chain have been correlated to GNC. This difference is
reflected in the pool of peptides obtained and thus the MALDI m/z values of each sample are also expected to
have differences. The utility of the concept here proposed was further demonstrated by using hierarchical
cluster analysis. The hierarchical clustering suggests that both diabetic nephropathy and chronic
glomerulonephritis can be readily distinguished. This result opens new horizons in the research of the
peritoneum degradation as a consequence of dialysis [3].

Conclusions: We have demonstrated that the introduction of mass spectrometry-based profiling can provide a
powerful, fast, cheap and accurate tool to classify patients with renal failure. It has been demonstrated that a
workflow combining (i) sample preparation consisting in protein concentration through centrifugal concentrators
and chemical-assisted protein depletion using DTT, (ii)) MALDI-TOF MS and the Mass-UP software is an
effective method to classify patients with chronic kidney disease. Although the approach is promising, large
international trials to provide extensive spectra databases are needed to make this kind of profiling methodology a
useful tool for the nephrology community [3].

Key Words: Translational Proteomics, Chronic Kidney Disease and Biomedical Mass Spectrometry.
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Abstract

Photoactivated chemotherapy (PACT) drugs provide the prospect to achieve highly controllable activity with
reduced side effects [1]. Photoactivation of coordination compounds are commonly based on metal-centred
processes[2].

Dithienylcyclopentene (DTE) molecules undergo thermally irreversible cyclization reactions between colourless
(open) and coloured (closed) forms when stimulated with UV and visible light (see Figure 1) [3]. This
closing/opening event gives rise to a contraction or expansion of the molecule, respectively. For instance, the
distance between the methyl groups in 1,2-bis(2,5-dimethyl(3-thienyl))-3,3,4,4,5,5-hexafluorocyclopent-1-ene
decreases by 1.138 A upon ring closure (Figure 1).

In this presentation, a series of photoswitching metal complexes obtained from DTE-based ligands will be
described together with their properties. In addition to the expected distinct optical properties, the open and closed
forms of such coordination compounds exhibit different DNA-interacting and cytotoxicity properties [4].

~&L
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Figure 1. Photoswitching process for 1,2-bis(2,5-dimethyl (3-thienyl))-3,3,4,4,5,5-hexafluorocyclopent-1-ene
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Abstract

Purpose: In the next decades the exchange of fossil fuel based energy production with renewable energy
production systems is one of the biggest challenges in the world. One approach is to convert solar energy to
storable fuels like hydrogen or methanol. For the photocatalytic splitting of water into hydrogen and oxygen it is
important to combine light-harvesting complexes with catalysts for two electron transfer steps.

Experimental description: The solution for the irradiation experiments was a mixture of ACN and water with a
v/v ratio of 1:1. The solution was irradiated at 23 °C by a Hg medium pressure lamp. The produced hydrogen in
the gas phase was measured by means of micro gas chromatography (Inficon 3000 p-GC).

Results: Using the noble metal free combination of a copper based photosensitizer and a cobalt diimine-dioxime
complex as water reduction catalyst we obtained a turnover number of 1184 with the help of triethylamine as
sacrificia donor in the presence of triphenylphosphane (PPhs). Furthermore, we performed the crystal structure of
the Co(l) intermediate and we could characterize the catalytically active species of the system (see Fig. 1).

TON

pH-value

Fig. 1. Hydrogen production at different pH-values (left); crystal structure of the catalytic active species (right)
Conclusions: For these cost effective experiments a turnover number of 1184 is excellent.
Key Words: Cu(l)-photosensitizer, photocatalytic hydrogen production, Co(l11) water reduction precatalyst.
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A detailed molecular-level understanding of the photoluminescence properties of organometallic complexes is
vital to pave the way to the next generation of photonic materials. In this contribution, | present recent ab initio
and density-functional theory (DFT) results, including spin—orbit couplings (SOCs), focused on disentangling
competing photodeactivation mechanisms of radiative and non-radiative nature in target Pt(I1) and Ir(I1)
complexes.[1] These complexes are the most widespread organotransition metal compounds for organic light-
emitting diodes (OLEDSs) applications. | address their photodeactivation dynamics and some of their “unusual”
photophysical properties, including e.g. non-Kasha emissive behavior at room temperature and long time-scales
and dual singlet/triplet emissions.[2] Additionally, | present for the first time that quantitative predictions of the
photoluminescence quantum yields in a series of Ir(l11) can be derived exclusively from electronic structure
caculations. [3]
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Purpose: Harvesting sunlight energy as an essential pathway to energy sustainability.

Photovoltaic technologies aim to reduce costs per unit energy of electricity, and recently dye-sensitized solar cells
(DSSCs), aso known as Grétzel cells, appeared as a promise to break the prevailing solar energy paradigm -low-
cost and high efficiency. It was shown that devices integrating a meso-(diarylamino)porphyrin dye (efficiency of
13%) and porphyrins bearing fused rings are good tactics to accomplish such propose. Taking that in mind, we
planned to prepare, through accessible methodologies, novel electron donor-acceptor substituted porphyrins 1-3.
These compounds should present structural, optical and electrochemical features for being incorporated into
DSSCs.

Ph  HN (CO2H)n=12
Ph Ph Ph<‘_.7r\m

Ph
1, M = 2H, Zn(ll) 2, M=2H, Zn(ll) 3, M =2H, Zn(ll)

Experimental description: Porphyrins 1-2 were achieved through the arylation of Ni(Il)-aminoporphyrins with
adequate halogenated methy! esters using Buchwald conditions, followed by a demetallation/metallation sequence
and alkaline hydrolysis. This last synthetic step allowed the obtention of the anchoring carboxylic groups which
permit the electronic coupling with the metal oxide TiO, used in the DSSC device. Sensitizers 3 with broad
absorptions were obtained through athermal oxidative cyclization from the ester derivatives of 1.

Optical and electrochemical studies revealed their potentiality for being considered as dyes in DSSCs, and,
posteriorly, the efficiency of the devices comprising the different donor-acceptor-substituted porphyrinic
derivatives was evaluated.

Results: One of the simpler porphyrins 1 already generated a reasonable power conversion efficiency in DSSCs,
and in this communication are presented our more recent outcomes.
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Decavanadate (V100,5%) is a member of a larger family of polyanionic group V and VI metal oxide clusters that
are known as polyoxometalates (POMs). POMs have been found to have anti-diabetic, anti-bacterial, anti-
protozoal, anti-viral and anti-cancer activities [1,2]. However, in the mgjority of the studies the POMs mechanism
of action is yet to be clarified, if interacts with the biomembranes [2] or with the ion pumps from extracellular
space [3]. Decavanadate (V10), was shown to inhibit myosin ATPase activity (1Cso= 0.75 uM) stimulated by actin,
through a myosin back door binding site, it binds to all E1E2 calcium ATPase conformations inhibiting Ca*-
ATPase activity (15 uM), coupled or not to calcium accumulation, and it prevents actin polymerization (17 pM),
whereas different effects were observed for the vanadate monomer (V) [1,3,4,5]. Moreover, only Vo was able to
oxidize one of the G-actin core cysteine residues, with an 1Cs, = 7.8 uM, while the only exposed residue (Cys-
374), the so called “fast cysteine”, remainsin its reduced form, unless F-actin is used to observed the oxidation of
Cys-374 [5]. Calcium ATPase oxidation and vanadate reduction was also observed upon interaction with V4 but
not with decaniobate, an isostructural and isoelectronic polyoxometalate (Fig.1), point out to oxidation-reduction
processes that are only mediated through V19 [4]. Besides the specific effects on different proteins, it was verified
that decavanadate exerts insulin mimetic properties once it induces glucose accumulation more potently than
BMOV or other vanadium compounds and species [6]. However, perhaps the most relevant V1 biological effects
described so far are the mitochondrial depolarization (1Cso, 40 nM) and oxygen consumption (ICsp, 99 NM),
suggesting that mitochondriais a putative cellular target for this POM [1,7]. Putting it al together, it is stated that
V1o affects molecular motors, cytoskeletal structures, ions pumps and mitochondria[1,7], thus affecting processes
that compromised the cell survival, point out to putative mechanisms of action for POMs, knowing to have an
increasing interest in their use as bio-inorganic drugs.

Figure 1. Isostructural decavanadate (V1) and decaniobate (Nby).

Key Words: decavanadate, decaniobate, polyoxometal ates, myosin, actin, Ca2+-ATPase, mitochondria.
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Abstract

Purpose: Plant pathogens are responsible for crop losses with a significant economic impact. Crop control is
manly based on copper derivatives and antibiotics. However, the use of these compounds is restricted by
environmental concerns and the emergence of antibiotic-resistant strains. These limitations have prompted the
exploration of novel antimicrobial peptides as an alternative to currently used pesticides.

The main objective of our research is focused on finding peptides to control the economically important plant
pathogenic bacteria Erwinia amylovora, Pseudomonas syringae and Xanthomonas vesicatoria, and the fungi
Fusarium oxysporum and Penicillium expansum. The key features expected for these peptides are a high
antimicrobial activity, alow eukaryotic cytotoxicity and a high stability to protease digestion. Up to now, we have
identified linear and cyclic peptides which inhibited the in vitro growth of these phytopathogens. Two of the best
peptides, KKLFKKILKYL-NH, (BP100) and c(KKLKKFKKLQ) (BPC194), also showed minimized cytotoxicity
and low susceptibility to protease degradation. To further improve the biological profile of BP100 and BPC194,
we decided to investigate the effect of incorporating a non-natural amino acid or a lipophilic acyl chain into these
sequences.

Experimental description: Among the non-natural amino acids that were introduced into BP100 and BPC194 are
triazolyl, biaryl and D-amino acids. On the other hand, these lead peptides were acylated with fatty acids of
different length. The synthesis of these sequences was accomplished on solid-phase. They were screened for in
vitro growth inhibition of the above phytopathogens, for their cytotoxic effects on eukaryotic cells, for their
stability to protease degradation and for their toxicity on tobacco leaves.

Results: The modifications introduced into BP100 and BPC194 led to sequences with an optimal biological
profile. In particular, the incorporation of a D-amino acid residue into BP100 enhanced the antibacterial activity of
the parent peptide, decreased its hemolysis and increased its stability to protease degradation. On the other hand,
the acylation of BPC194 with a fatty acid of 4 or 6 carbon atoms rendered peptides with similar antimicrobial
activity than the parent peptide and lower phytotoxicity. Sequences with different selectivity against the tested
pathogens were identified.

Conclusions: This work shows how the biological activity of lead antimicrobial linear and cyclic peptides can be
modulated through the incorporation of a non-natural amino acid or of a lipophilic acyl chain. These approaches
can be useful for the development of new antimicrobial agents.

Key Words: Phytopathogens, linear peptides, cyclic peptides, unnatural amino acids, lipopeptides.
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The design and development of artificial receptors able to recognise and sense selectively anionic species has
become a prominent and active field of research within the realm of **supramolecular chemistry’’.*® The intense
research interest in this field is driven by the great demand for extremely sensitive and selective analytical tools
for the detection and monitoring of anions, especially toxic ones such as CN", or biologically relevant such as
phosphates or chloride. In particular transmembrane transport of chloride anions across lipid bilayersis of primary
importance as its misregulation causes severe pathologies such as cystic fibrosis.

In particular bis-urea receptors are particularly attractive because they are easy to synthesize and have at least for
hydrogen-bond donor groups able to interact with the anionic substrates.

Recent results achieved in our labs in the field of anion binding (both in solution and in the solid state), sensing
and transport will be presented in this communication.*
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Figure 1. Bis-urea receptor for pyrophosphate recognition.
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Abstract

Aerogels are porous solids used in a wide range of applications including sorbents, filtration, insulation, hydrogen
storage, catalysis, batteries, and supercapacitors. Their unique properties are related to their high internal surface,
low-density, and small pore/particle size. Two-dimensional (2D) nanomaterials, such as boron nitride and
graphene, also exhibit arange of distinct optical, electronic, and mechanical properties, but are typically limited to
thin films and coatings. Assembling 2D nanomaterials into monolithic aerogels expands their application space to
include technologies and manufacturing processes that require a macroscopic 3D form factor. Furthermore,
placing the novel intrinsic properties of 2D materials in a low-density, high surface area architecture has the
potential to unlock exciting new properties and features only displayed in the aerogel system. Here, we present
synthesis schemes for aerogels made from several different 2D materias, (e.g. boron nitride, graphene,
dichalcogenides, etc.). Hybrid aerogel synthesis, combining two or more layered materials, will also be presented.

Figure 1. Photograph of precursor graphene aerogel (left), converted boron nitride aerogel (middle), and high-
resol ution transmission electron microscope image of a cross-link in a boron nitride aerogel.
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Abstract (Times New Roman Bold, font size 10pt, full justification)

The quasi two-dimensional nature of self-assembled monolayers (SAMS) intrinsically connects our macro world
to the nano world. Research in molecular electronics is, at its core, focused on exactly this problem: how do we
make contacts to molecules that are addressable from our macro world? There are numerous examples of transient
contacts formed by creation various types of "break junctions” or the tip of a AFM cantilever, but making stable
devices that comprise molecular tunneling junctions remains a daunting challenge. In this talk | will discuss our
efforts to combine nanoskiving—a form of edge lithography that is entirely mechanical-with SAMs to form
bottom-up devices in which the smallest dimension is defined by the molecules themselves. This template
approach transfers the quasi two-dimensional nature of SAMs into nano electrode architectures, enabling us to
produce millimeter-long devices that are directly electrically addressable; no further lithography is required to
connect these tunneling junctions to an external circuit. Typically, we use alkanedithiols as templates for forming
the nano-gap devices, but we have aso incorporated chromophores with large transition dipoles. Devices formed
from SAMs of these molecules exhibit photo-gating, in which the magnitude of tunneling current changes upon
exposure to light. Symmetrical dithiols that are too fragile to serve as templates can be incorporated into devices
via dynamic exchange, which leverages the properties of self-assembly to replace the alkanedithiol template
molecul es spontaneously with molecules from solution.
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The picture on the left represents how self-assembled monolayers (SAMs) offer a connection between our
macro world and the nano world o molecules. The scheme on the right shows the procedure we use to leverage
this property of SAMsto form addressable devices using bottom-up nanofabrication and self-assembly.

Self-Assembly”, Israel Journal of Chemistry, 2014, 513-533.
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Abstract

Introduction of chirality into conducting systems is a topic of much current interest as it allows the preparation of
multifunctional materials in which the chirality might modulate the structural disorder or expresses its influence
through the electrical magneto-chiral anisotropy effect.1 The access to various chiral electroactive precursors for
molecular conductors is therefore of paramount importance.2 We have recently developed two new families of
TTFsin which the chiral information is expressed in different ways. A first seriesis based on a Cs symmetric core
decorated with three TTF-amido-bipyridine fragments, which show self-assembling properties.

When substituted with chiral alkyl chains, these compounds show hierarchical chiral expression at nano- and
meso-scale in solution and solid state.s-s Supramolecular chirality expressed through the formation of helical fibres
of nano- or meso-scopic size following hierarchical self-assembly processes is a topic of great current interest in
diverse scientific fields.

A second family of chiral TTFswe will discuss present helical chirality provided by helicene units fused with the
TTF moiety.7 Redox chiroptical modulation has been evidenced in this class of electroactive helicenes.
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Oxygen, nitrogen and sulphur heterocyclic compounds have attracted the attention of synthetic chemists due to
their presence in biologically active molecules. The development of novel highly efficient procedures for the
synthesis of these moleculesis an important topic in academic and industrial chemistry. These procedures must be
compatible with our environment and should have economical advantages. In such an approach the reduction of
number of steps and the increase in selectivity is a valuable standard for the quality of a synthesis. A general way
to improve synthetic efficiency is the design of selective transformations either in a diastereoselective or
enantioselective fashion. The Prins cyclization is an important reaction for the synthesis of oxygen, nitrogen and
sulphur heterocyclic compounds because of its diastereoselectivity. Similarly, oxonium-ene reactions are powerful
tool for the construction of various cyclic ethers. We have developed a few methodologies for the synthesis of
oxygen, nitrogen and sulphur heterocyclic compounds using Prins, oxonium-ene and related reactions.: These

methods have been used for the synthesis of some biologically active molecules. Detailed results will be presented
in the meeting.

K ey words: Heterocycles, Prins cyclization, Oxonium-ene reaction, Bioactive molecules
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Abstract

In an important set of chemical sensors the adsorption of the analyte on a particular surface is a required step for
detection. Different spectroscopic techniques may then be employed to characterize the adsorbed molecule. The
combination of surface adsorption and characterization via Raman spectroscopy has given rise to the surface
enhanced Raman spectroscopy (SERS) technique. This tool has already been implemented in different chemical
sensors, but its possibilities are still to be exploited in full and its fields of application growing rapidly. One of the
main problems in SERS, as in other related spectroscopic techniques, is the large dependence of the Raman
signals on the conformation of the adsorbed molecule attached to the surface, which in most cases is not easily
resolved using the experimental information available. Computational chemistry is then employed as a necessary
and complementary tool to understand the experimental observations. Thus, energetic profiles for the adsorption
processes may be readily obtained using different computational chemistry methods, particularly important are the
methods based on the density functional theory (DFT), which alow the study of medium and large size systems.
Characterization of the adsorption complexes as dispersive, electrostatic or inductive can also be performed using
an energy decomposition analysis of the interaction energy. Finally, spectroscopic data obtained experimentally
can be compared with theoretical simulations of the SERS spectra.

In this communication we show the powerful of different computational chemistry techniques to the study of
adsorption complexes and the posterior study of SERS spectra. The recent discovery of the Raman enhancement
of molecules adsorbed on graphene and nanographene structures motivated the particular study presented here.
Since the experimental information available about the chemical and/or electromagnetic mechanisms involved is
scarce, we have developed new computational strategies to shed light on this issue. Results obtained for different
biomolecular systems (porphyrins, phthalocyanines, etc) adsorbed on a graphene surface are presented in this
communication. The study contains conformational analysis using truncated surfaces of graphene, interaction
energy decomposition of the thermodynamically stable complexes formed and simulations of the Raman spectra
before and after adsorption by the surface.

The main contribution of this work resides in the fundamental understanding of the SERS phenomena, the
chemical and electromagnetic mechanisms responsible and the role played by each one, when a SERS active
surface is built from sp2 carbon atoms. However, the computational techniques developed are of general
application for the study of adsorption complexes and Raman activity changes experienced by molecules adsorbed
on asurface.
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Purpose: Tyrosinase is a ubiquitous dicopper enzyme that catalyzes the hydroxylation of phenols to catechols and
the subsequent oxidation to quinones using dioxygen as oxidant. Tyrosinase operates via a (n“n*
peroxo)dicopper(l1) species (P), that undergoes electrophilic attack over the arene. However, tyrosinase is
incapable of hydroxylating 2-fluorophenols, which indeed are inhibitors of this enzyme. Studies with model
compounds have shown that P species are usualy in equilibrium with a highly electrophilic bis(u-
oxo)dicopper(I111) species (O), which may open the door to novel oxidative reactivity hitherto not attained by the
peroxide isomer. In this work we study the ahility of O species do defluorinate phenols.

Experimental description: The ability of O species [Cu"y(u-O)(m-XYLM**™M]* to react with 2-
fluorophenolates has been followed by UV-vis spectroscopy and the nature of the final products has been studied
by NMR, GC and ESI-MS. Moreover, intermediate species formed along this reaction have been characterized by
UV-vis and cryospray ionization M S spectrometry.

Results: [Cu"',(u-0)o(m-XYLM**N)?* carries out an electrophilic ortho-hydroxylation-defluorination of 2-
fluorophenolates to give the corresponding catechols (see figure). Isotopic labelling studies show that the
incoming oxygen atom originates from the bis(u-0xo) unit. Ortho-hydroxylation-defluorination occurs selectively
in intramolecular competition with other ortho-substituents such as chlorine or bromine.*

Conclusions: The ortho-hydroxylation-defluorination of 2-fluorophenolates by [Cu'"',(u-O)(m-XY LMAMN)2
indicates that O species exhibit a chemistry different from that observed for P species. The defluorination reaction
is specially interesting from the perspective of environmental science, as it enables the transformation of the inert
C-F bonds of common persistent pollutants into a more reactive C-OH unit.
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Owing to their low-price, readily availability, unique reactivity and environmentally friendly character, iron salts'
constitute potentially ideal catalysts to perform numerous organic transformations of attractive industrial prospect
in terms of sustainable chemistry. In particular, we propose to implement such comparatively less utilized first-
row transition metal saltsin emerging “ Cross-Dehydrogenative Coupling” (CDC) events between two distinct C—
H bonds.? Notably, the conversion of typically “inert” C—H bonds holds great promise for reducing the reliance on
existing functional groups while improving atom economy and energy efficiency. Noteworthy, CDC
methodologies have shown to be extremely operationally simple and can be often carried out in aqueous
environments and even under air atmosphere, thus constituting an additional bonus from a practical and
operationa point of view. In this communication preliminary results dealing with the development of a modular
akylation process applicable to a broad range of azole derivatives featuring the use of rarely employed iron salts
will be presented.® Likewise, due to the little knowledge concerning the reaction mechanism of such CDC events
some insights into the reaction pathway based on computational studies will be discussed.

H (n
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L~Q~ ,[EX>_H - IL\Q\ z|]:ch)j)n
v Iron Catalysis & v
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Key Words: iron catalysis, cross-dehydrogenative coupling, arylation, heterocycles.
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Abstract

Decades of continued and acute synthetic development have established catalysis as an everyday staple in organic
synthesis and reactivity. Intrinsically, organometallic catalysis relies on the use of metals and owing to their
privileged electronic structure, noble metals have long been at the forefront of development of evermore task-
performing systems. However, increasing concerns regarding sustainability and cost-related issues are driving
chemists to revisit the chemistry of non-noble metals. Among them, first-row early transition metals (Fe, Co, Ni,
Cu) have aready been used in various
catalytic endeavors but tend to be
H OMe ‘ ; limited by their electronic structure,
© = /(j I e which makes them prone to mono-
i electronic transfers and limits their

\ Y(jy 5 efficiency and selectivity.

true Cu" complex

&
@[‘ "j@ e e An emerging areain catalysisis the use
& " CcF, reactivity of redox non-innocent ligands, which

cF, = i are able to participate in the electronic

) e o events occurring at the metal complex

in which they take part' These

molecular scaffolds can act as a storage
and supply unit of electrons, allowing

formal Cu” complex

tandem C-H !
activation/arylation umpolung of CF;moiety ~ the meta to perform reactions once
unactivated arenes forbidden, thus imparting noble metal

character and broadening the scope of
their synthetic applications.” Catalytic
relevance of these ligands is promising and new applications are being increasingly developed.

Our aim is to develop the use of redox ligands in broad-scope catalytic undertakings and we have been focusing
on iron and copper complexes bearing redox-active bisiminopyridine and aminophenolate ligands.® Progress made
in tandem catalytic C—H activation/arylation of unactivated arenes® and trifluoromethylation® will be presented.

Key Words. organometallic catalysis, iron and copper complexes, redox non-innocent ligands, C—H activation,
trifluoromethylation.
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Abstract

We focus on the synthesis and optimization of multidentate organic ligands and their d- and f-meta coordination
compounds with so-called surface anchoring groups such as, for example, thiols (—SH), methyl sulfides (-SMe),
1,2-dithiolanes (-S-S-), diphatic heterocyclic thioethers (-S-), etc. These anchoring groups can be used as
functional components of Schiff base ligands, carboxylic acids, amino alcohols, and other organic systems to
modulate the molecule-surface interactions. The systematic investigation of the adsorption phenomena of
magnetic metal-organic molecules (single-molecule magnets [1]) on various metallic surfaces and thus of the
generated molecule-substrate interfaces [2] is appealing and worthwhile because it allows us to create necessary
guidelines for the fine-tuning of the structure and composition of our molecular material and, in particular, the
metal-ligand coordination bonds. The main goal is to engineer electrically accessible metal complexes for the
future compact and energy-efficient nanodevices.

In a 15 minute speech the author will give an overview of recent results in synthesis and magnetic characterization
(incl. unusual phenomenon of exchange-biased quantum tunneling of magnetization [3]) of S-functionalized
metal-organic molecules as well as their solution-driven deposition on metallic surfaces. Future challenges will be
briefly discussed.

Keywords:. coordination complexes, magnetism, anchoring groups, molecular deposition, surfaces
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Introduction: Low-dimensional materials such as one-dimensional nanowires and two-dimensional nanosheets
have attracted significant attention. Herein, the authors these types of materials based on bis(dipyrrinato)metal (11)
complexes, and their functionalities are pursued.

Results and discussion:

(1) Nanowire (left of Fig. 1): A liquid/liquid interfacial reaction between a bridging dipyrrin ligand and metal(11)
ions gives rise to single crystals suitable for X-ray diffraction analysis. Isolated single fibers of the zinc
coordination polymer may be exfoliated from the single crystal or bulk solid upon ultrasonication. Atomic force
microscopy (AFM) detects the isolated fibers with lengths of more than several um. The exfoliated 1D-CP wires
feature good processability, realizing a conjugate with single-wall carbon nanotubes (SWCNTSs), and a thin film
on a transparent SnO, electrode. The processed materials show electric conversion ability: For example, the
modified SnO, electrode serves as a photoanode for a photoel ectric conversion system.

(2) Nanosheet (right of Fig. 1): Although molecule-based bottom-up nanosheets manufactured directly from
molecular components can exhibit greater structural diversity than top-down nanosheets, the bottom-up
nanosheets reported thus far lack useful functionalities. Here we show the design and synthesis of a bottom-up
nanosheet featuring a photoactive bis(dipyrrinato)zinc(ll) complex motif. A liquid/liquid interfacial synthesis
between a three-way dipyrrin ligand and zinc(l1) ions results in a multi-layer nanosheet, whereas an air/liquid
interfacial reaction produces a single-layer or few-layer nanosheet with domain sizes of >10 um on one side. The
bis(dipyrrinato)zinc(ll) metal complex nanosheet is easy to deposit on various substrates using the Langmuir-
Schéfer process. The nanosheet deposited on a transparent SnO, electrode functions as a photoanode in a
photoel ectric conversion system and is thus the first photofunctional bottom-up nanosheet.

Key Words: nanosheet; nanowire; dipyrrin; coordination compound
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Abstract

Science is urged to win the Complexity Challenges. One strategy to try to win at least few Complexity Challenges
is the interdisciplinary research line of Natural Computing. It draws inspiration from nature to propose new
agorithms, new chemicals to compute, and new models to interpret Natural Complexity. A weathy source of
inspiration is the human nervous system that has human intelligence as its own emergent property. In fact, the
human nervous system allows humans to take decisions in complex situations by handling both vague and
accurate information, and it recognizes quite easily variable patterns. Therefore, it is worthwhile studying deeply
the working principles of the human nervous system to try to reproduce the basic function of human intelligence
artificially. We are analyzing the human nervous system at the computational, algorithmic and implementation
levels to develop Chemical Artificial Intelligence that will be a valuable tool to face the Complexity Challenges.
In this contribution, a theory describing the deterministic part of the human perception and Biologically Inspired
Photochromic Fuzzy logic systems that extend human ability to perceive electromagnetic radiation to UV will be
presented.
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Abstract

It is now commonly accepted that the understanding of the original materials composition and their ateration
compounds represents an unavoidable step in the valorization and conservation of works of art. Through
physical-chemical investigations of artworks, valuable information about their history, technique and
conservation, can be obtained. Traditionally, diagnostics in cultural heritage was used to be performed on micro-
samples taken from the work of art using chromatographic and/or spectroscopic techniques at chemical
laboratories. The main shortcoming of this approach stays basically is the consideration that any work of art is a
precious and unique object for which the sampling should be limited. These considerations have led, in recent
years, to develop a non-invasive approach enabled by the use of the light, namely its broadest aspect of
electromagnetic radiation, as a probe to investigate the materials of awork of art without any sampling.

Born in 2004 in Italy within the European Project Eu-ARTECH, MoLab [1], which stands for Mobile Laboratory,
represents the first example of mobile facility entirely devoted to the scientific study of European works of art.
Capable of bringing 14 different analytical instrumentations and a team of expert researchersin situ, i.e. where an
object needs to be characterized in its material composition, MoL ab provides an unique multi-techniques approch.
During the last decade it has operated in 21 European countries performing 61 interventions, selected by the
committee in charge among 130 applications received, with the support of 25 operators and documented
satisfaction of more than 260 scientists, curators and restorers who have required the accesses to the mobile
facility. Within the European project CHARISMA, recently concluded, eight new portable and noninvasive
instrumentation have been developed and made available to the infrastructure for next MoLab interventions in
Italy and Europe.
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Purpose: P-glycoprotein (P-gp, a drug efflux pump) is often upregulated in cancer, being responsible for many
cases of multidrug resistance (MDR) [1]. Noteworthy, P-gp may contribute to the intercellular transfer of cancer
drug resistance traits [2]. Some of us have previously studied the anti-Pgp activity of multifunctional small
molecules (thioxanthones), designed by applying virtual screening [3] and synthesized in order to have
concomitant anti-P-gp and antitumor activity [4]. The purpose of the work here presented was to further
investigate the antitumor mechanism of action of the most potent of those multifunctional molecules.

Experimental description: The antitumor activity was studied in melanoma and non-small cell lung cancer
(NSCLC) cell lines, with assays for cell growth (SRB), cell death (TUNEL), apoptosis (flow cytometry following
Annexin V-PI staining) and autophagy (analysis of autophagy-related proteins and electron microscopy). Gene
expression analysis was carried out in NSCLC cells treated with this compound (cDNA microarray). The lack of
toxicity of a soluble salt of this compound was studied in nude mice and its antitumor activity was confirmed in
nude mice xenographed with the NSCLC cells, by assessing tumor growth in vivo and proliferation levels in
extracted tumors.

Results: The small molecule presented antitumor activity, inducing autophagy and apoptosis in the studied cell
lines. This compound affected lipid biosynthesis and cellular localization of cholesterol. The soluble salt was not
toxic to nude mice and significantly reduced the growth of xenographs of human NSCLC cells in nude mice.
Tumours treated with this compound presented reduced proliferation.

Conclusions: The antitumor activity of this multifunctional small molecule is associated with induction of
autophagy and apoptosis, possibly related to aterationsin cholesterol intracellular localization.
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Abstract

Lanthanide-based complexes have greatly contributed to the development of molecular magnetism in the last
decade and more particularly in the branch of single molecule magnets (SMMs) [1]. The main reasons are their
large magnetic moments associated to their intrinsic large magnetic anisotropy. The splitting of the multiplet
ground state of a single-ion in a given environment is responsible of the trapping of the magnetic moment in one
direction in SMMs. However, the analyses of the crystal field effects on the magnetic anisotropy are not so
common [2]. A better understanding of the magneto-structural correlations in lanthanide-based complexes should
provide tools to improve their potentialities.

In this presentation we will focus on the specific magnetic properties of TTF-based |anthanide mononuclear and
polynuclear complexes. The structuration is insured by the TTF moieties and the relative orientation of the ligands
governs the magnetism. Our investigations cover luminescent SMMs, the fine tune of the Single-lon Magnets and
the intimate relation between magnetism and luminescence. We will show how optimize the SMM behavior
playing on i) the modulation of the supramolecular effects via chemical modifications of the TTF ligand [3], ii)
simple molecular engineering modifying the electronic distribution and symmetry of the coordination polyhedron,
iii) magnetic dilutions (solution and doping) and iv) isotopic enrichment of the dysprosium [4] (Fig 1). The
experimental results will be rationalized step by step thank to ab initio calculations (SA-CASSCFMS-
CASPT2/RASSI-SO).

Figure 1. Hysteresis loop at 0.46 K of both isotopes **¥***Dy for the complex [Dy(tta)s(L?)]
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Abstract

Purpose: This work deals with the development of cubosomes, lipid-based nanoparticles, for theranostics
purposes: these species can act as nanocarriers’™ and can host at the same time fluorescent probes for diagnosis,
and anticancer drugs for therapy.

Experimental description: Mono-olein based-cubosomes were dispersed with mixture possessing different ratios
of Pluronic® F108 and its folate-conjugated derivative F108-FA. The mixture F108/F108-FA 80/20 was chosen
for loading the cubosomes with camptothecin (CPT), which presents an effective antitumour activity, and a
squaraine-based NIR-emitting fluorescent species (SQ) for imaging. Integrated optical density analysis of lipid
droplets (LDs) formation in HelLa cells was performed for studying the selective cellular uptake of F108-FA
cubosomes. These cells were incubated for different times with both types of cubosomes (F108 and F108-FA
cubosomes) coloaded with Nile Red and Hoechst 33258 to identify LDs and nuclei respectively. Finally confocal
microscopy was used for proving the internalization of SQ in cells mediated by cubosomes.

Results: The addition of mixtures with different F108/F108-FA ratios did not affect the cubosomes' structure
(Pn3m) and lattice parameters observed with 100% F108, but an increase in the average hydrodynamic diameter
was observed by increasing the percentage of F108-FA used (from 133 (0%) to 168 nm (100%)). The stability
over time was strongly reduced by increasing the percentage of the F108-FA. After loading cubosomes with CPT,
SAXS and DLS measurements were performed to assess its inclusion and cryo-TEM images reveal the presence
of nanoparticles with inner cubic structures (Figure 1), possessing a diameter ranging from 100 to 200 nm, in
good agreement with DL S results. The loading efficiencies for the drug and the fluorophore were found to be 71%
and 95% respectively. Fluorescence anisotropy at 938 nm is circa 0.1, which indicates the reduced mobility of SQ
in the cubosomes and represents a proof of SQ incorporation. After 4 hours of incubation of Hela cells with the
two types of cubosomes it was possible to observe for F108-FA ones a significant difference in integrated optical
density (1.8x with respect to F108 cubosomes). Confocal microscopy confirmed the cubosome-mediated
internalization of SQ.

Conclusions: Cubosomes can be stabilized by mixtures of Pluronic® F108 and F108-FA. Moreover, cubosomes
can be loaded with CPT and SQ. It was proved that these stabilized cubosomes have superior internalization
ability, due to the folate-folate receptor interactions. Thus these nanocarriers represent promising platforms for
theranostic nanomedicine.

Key Words: cubosome, folate, Pluronic F108, camptothecin, NIR fluorescent probe, squaraine dye.
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Figure 1: cryo-TEM image of cubosomes containing both CPT and SQ
and stabilized by the mixture F108/F108-FA = 80/20.
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Abstract

In al domains, materials need protection: protection against corrosion, weathering, or scratches. Our objective is
to provide protection to metal oxides in the field of energy storage. Used as electrode, metal oxides are extremely
sensitive to their chemica environment."  For instance, in Li-ion batteries, metal oxides are slowly degraded by
the electrolyte. Such degradation, coupled with other inherent problems of batteries, leads to what is tagged as
irreversible capacity: alost electrochemical capacity that cannot be brought back. We propose a solution to protect
metal oxides materials by surface fluorination, an innovative concept applied to metal oxides. In Li-ion batteries,
the surface fluorination of metal oxides will provide a surface protection against capacity fading by
preventing its cause: the unwanted lithium consumption. The idea behind this is as simple as it seems: re-
enforce the surface of TiO, electrode surface with fluorine, the same way toothpaste acts everyday on your own
teeth!
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surface fluorination (through molecular or atomic
fluorine) on the electrochemical behaviour of TiO,
electrodes under operating conditions. In Li-ion
batteries, one of the main drawbacks for titanium
il L w w w —w Oxides is the large irreversible capacity on the first

Capacity (mAhig) Capacity (mAhlg) charge/discharge cycle that is associated with surface
Figure 1. Galvanostatic charge-discharge curves for Ti0,/Li '€actions between the electrolyte and the electrode.
Thus, surface fluorination is the key, as presented on
Figure 1.2

___1stcycle

Ewe (V vs Li
%

I :
j e

Ewe (V vs Li

e

/ \

/ —
/

(a) and TiO,-F/Li (b) half-cells, at C/20 current density;

electrolyte is LiPF; EC:PC:3DMC 1M. Key Words: Li-ion batteries, surface fluorination,

titanium dioxide.
Correspondence: nicolas.louvain@umontpellier.fr

1. S. K. Martha, E. Markevich, V. Burgel, G. Sdlitra, E. Zinigrad, B. Markovsky, H. Sclar, Z. Pramovich, O. Helk,
D. Aurbach, I. Exnar, H. Buga, T. Drezen, G. Semrau, M. Schmidt, D. Kovacheva and N. Saliyski, J. Power
Sources, 2009, 189, 288-296.

2.Y.B.He, B. Li, M. Liu, C. Zhang, W. Lv, C. Yang, J. Li, H. Du, B. Zhang, Q. H. Yang, J. K. Kim and F. Kang,
i Rep., 2012, 2, 913.

3. N. Louvain, Z. Karkar, M. El-Ghozzi, P. Bonnet, K. Guerin and P. Willmann, J. Mater. Chem. A, 2014, 2,
15308-15315.

94



IC3TC 2015 - Proceedings

O 38A - Development of a new method for preconcentration, chemical
vapour generation and determination of metal ions by ICP OES in

environmental samples using magnetic nanoparticles

M.M. Lépez Guerrero, M.T. Siles, E.I. Vereda Alonso, A. Garciade Torres, J.M. Cano Pavon

Department of Analytical Chemistry Faculty of Sciences University of Malaga Andalucia Tech Campus de
Teatinos S/N. 29071 Malaga. Espafia. Email: mmlopez@uma.es

Abstract

Silica-coated magnetic nanoparticles (MNP SCMNPs) modified with [1,5-bis (2-pyridyl)-3-sulphopheny!l
methylene] thiocarbonohydrazide were synthesized by a sol-gel method. These magnetic nanoparticles (PSTH-
mnp) were employed as a SPE adsorbent for separating and concentrating trace amounts 14 elements (Pd, Cr, Mn,
Zn, Cd, Hg, As, Sb, Bi, Cu, Pt, Sn, Se, Co) from environmental samples. The main aim of this work was to
develop a precise and accurate method for the simultaneous determination of the aforementioned metals from
natural water samples (sea water, estuarine, lake and river water) by the on line pre-concentration SPE CVG ICP
OES using PSTH-mnp, with the least demanding and simple sample preparation procedure. The developed
method was validated by analysing natural water certified reference materials (SLRS-4, TMDA 54.4, SW2 Batch
125, SRM 1643e). Sea water and water well samples collected from Malaga (Spain) were analysed too.

The procedure has demonstrated to be fast, easy, automatic, selective, low cost and with good sensitivity. The
main advantage of PSTH-mnp is its very good stability and resistance because chemisorption of chelating
molecules on the surface of solid supports provides immobility, mechanical stability and insolubility. It costs is
low compared with other chelating sorbents. The detection limits obtained are adequate for the analyzed samples.
Furthermore, the method proposed has permitted the simultaneous determination of the 14 elements, saving time
of analysis and achieving a sample throughout of about 12.8 h™.

Table 1. Analytical performance.

Element  Detection Determination Enrichment Element  Detection Determination Enrichment

IiTit/ ng limit/pgL™ factor IiTit/ pg limit/pgL™ factor

L L
Pd 3.67 17.23 6.5 Sb 0.04 0.96 323
Cr 7.16 25.26 1 Bi 0.23 313 2.95
Mn 3.16 22.92 15 Cu 28.42 1.0 1.52
Zn 11.30 51.70 2.1 Pt 8.81 2.7 4.46
Cd 0.59 4.02 46.85 Sn 17.10 33 453
Hg 0.02 0.75 1.82 Se 2.85 83.6 479
As 0.01 2.32 113.4 Co 0.49 385.5 2.69

Keywords: MNPs, ICP-OES, trace elements determination, environmental waters
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Abstract

Purpose: Since the discovery of the outstanding electronic properties of the graphene derivatives, the research in
the field of functional nanomaterials has been increasingly concerned with nanosheet-based multifunctional
systems, with intensification of research in the field of layered materials.' Among possible chemical routes, the
hybrid organic-inorganic approach is particularly well suited to promote multifunctionality. In this respect,
transition metal layered simple hydroxides (LSH), M",(OH)3(X).mH,O (M = transition metal and X = anion), are
very well adapted to grafting reactions of various molecules.? In this communication, we will present our recent
progressin this field including recent resultsin the hybridization of layered oxides.

Experimental and results: The functionalization of 2D structures essentially proceeds by anion-exchange
reactions, especialy effective in agueous medium. Even though this strategy has been very successful for
obtaining new (multi)functional layered hybrid materials, it also limits the type of molecules that can be
considered to be grafted in the interlamellar space. To overcome this difficulty, we synthesized in situ the desired
molecules from a pre-grafted functional precursor.® Thus, only the first stage (grafting the precursor) requires the
use of insertion-grafting conditions by anion exchange. The following reactions may appeal to a much larger panel
of conditions, including the use of non-aqueous solvents. We will describe some of the L SH specially designed for
post-synthetic modification, their synthesis, characterization (structure, magnetic and optical properties) and
reactivity. Finally, going from hydroxides to layered oxides, we will present some of our latest results on the
micro-wave assisted functionalization of layered materials.*

Conclusions: The pre-grafting approach and in-situ functionalization techniques are powerful to hybridize a
variety of layered structures. The micro-wave assisted procedure is efficient with a striking diminution of the
reaction time which allows developing exploratory research to new multifunctional systems.
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Abstract

The pluramycinst are a group of naturally occurring antibiotics with antitumoral activity. They display a
4Hanthra] 1,2-b]pyran-4,7,12-trione structure with attached C-glycoside moieties at C8 and C10 as well as a
lateral chain branched at carbon C1. Kidamycin 1, one of the earliest known members of this family of antibiotics,
was isolated from Streptomyces soil bacteria. From a structural point of view, kidamycin 1 is adorned by two
meta-disposed aminosugars - D-angolosamine and N,N-dimethyl-L-vancosamine branched at C8 and C10,
respectively , a 2-butenyl residue attached at C1 and two additional substituents, a methyl at C5 and a hydroxy! at
Cl1.

Taking advantage of our experience and expertise in the total synthesis of natura compounds such as
angucyclines or brefeldin A and in the development of new methodologies in organic synthesis,2 we project a
novel total synthesis of kidamycin 1. The challenge is to propose a convergent fragment-assembly strategy with
modulable building blocks in order to open the route to the preparation of a range of pluramycins or simplified
analogues to be tested as potential therapeutic agents.

In this communication we will present an efficient total synthesis of kidamycinone 2, the aglycone part of
kidamycin. The pluramycinone skeleton is formed following an original and convergent approach to construct
cycle B. Thisone is obtained starting from original diene and juglone dienophile using a key Diels-Alder reaction.
The targeted kidamycinone 2 was finally obtained in 9 steps and 28% overal yield. With the objective to
synthesize kidamycin following the same strategy, we will also present the first results concerning the
introduction of angolosamine moiety on a dienophile precursor.
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Abstract

Producing highly efficient organic photovoltaics (OPVs) is a desirable goal toward realization of the large-area,
light-weight, and flexible solar cells at low cost. The state of the art in the field of OPVs is represented by bulk
heterojunction (BHJ) solar cells based on electron-donating conjugated polymers and electron-accepting fullerene
derivatives." On the other hand, single-walled carbon nanotubes (SWNTS) are mechanically strong, high modulus
graphitic fibers with a diameter of 1 — 2 nanometers and a length of micrometers. Particularly, their high electron
mobility and the large aspect ratio provide the potential to construct an ideal percolation pathway for electron
transport in the composite film. However, power conversion efficiencies (PCE) of the SWNT—polymer devices
are typically below 1%, which seldom exceed the PCE values of current high-performance devices based on
fullerene derivatives (>10%). One of the plausible reasons for the poor performance of the SWNT-based devices
is an insufficient electron-accepting ability of SWNTs compared to the fullerenes. In this study, we have prepared
novel covalent composite of Cee@SWNT with porphyrins (Cee@SWNT-ZnP).? Transient absorption spectra of
Ceo@SWNT-ZnP disclosed the initial formation of an exciplex state prior to a charge-separated state, whereas the
porphyrin-SWNT binary composite (p-SWNT-ZnP) with the same phenylene spacer revealed the formation of
exciplex state solely. The photocurrent action spectra of the ITO electrodes modified with the Csoq@SWNT-ZnP
and p-SWNT-ZnP reveded that the Cgp@SWNT-ZnP-based device dlightly showed photocurrent response
resulting from the absorption due to the porphyrin moieties at 420 - 430 nm, in contrast to the device with p-
SWNT-ZnP. This also agrees well with the results of the time-resolved spectroscopies. The small enhancement in
the photocurrent generation may be attributed to the inefficient charge separation between the peapod and
porphyrins. Our results exemplify that the encapsulation of Cg into SWNT inner space have large impacts on the
excited-state interactions between porphyrin and SWNT. These results obtained here demonstrate that the inner
space doping of SWNT will have considerable merit for tuning the electronic properties of SWNT in the hybrid
materials with photoactive molecules for the applicationsin artificial photosynthesis and solar energy conversion.

[1] Umeyama, T.; Imahori, H. J. Mater. Chem. A 2014, 2, 11545-11560. [2] Umeyama, T.; Imahori, H. J. Phys.
Chem. C 2013, 117, 3195-3209.
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Abstract

Purpose: The aim of this study is to synthesize and investigate the antibacterial properties of functionalized
AgNPs-TET and AUNPs-TET complexes, evaluating their antimicrobial effect on antibiotic resistant bacteria with
public health concerning.

Experimental description: Strains tested were E. coli ST648 and S. aureus ST398, both resistant to tetracycline,
and the control strains E. coli K12 and S. aureus ATCC 25923, susceptible to tetracycline. MIC and MBC tests
were performed on LB medium. Control cultures without nanoparticles and/or tetracycline were included in all
experiments.

Results: Our results are supported by innumerous previous studies reporting that AgNPs are exquisite bactericides
and, as AuNPs, they both are suitable antibiotic carriers (Brown et a., 2012; Li et al., 2014; Wang et a., 2014).
Nevertheless, direct comparisons between our results from other studies are difficult because the physicochemical
properties of nanoparticles used differ, since the functionalization of nanoparticles in this study was made in
agueous phase instead of silicamatrix, and the protocols to assess antimicrobial activity diverge among studies.

Conclusions: We compared the potential of AuNPs and AgNPs used as tetracycline delivery systems and showed
evidences that both agents succeed on inhibiting bacterial growth. Also, AgNPs functionalized with tetracycline
had an inhibitory and bactericidal ability even against Gram-negative and Gram-positive tetracycline-resistant
bacteria. The functionalization of nanoparticles with antibiotics could be a potent prospective therapeutic method
to overcome infections caused by antibiotic-resistant bacteria. Future studies should focus on functionalization of
nanoparticles with other antibiotics, testing their antimicrobial efficiency against a broader spectrum of pathogens,
prevention on biofilm formation on in vivo and in inert substrates.

Key Words: E. coli, S. aureus, tetracycline, AQNPs-TET and AUNPs-TET complexes
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Abstract

Purpose: The continued releasing of antifouling substances to the environmental are leading to harmful side
effects on ecosystem. Developing alternative environmentaly friendly and non-toxic antifouling coating
technology is an urgent demand. Nature uses sulfation of endogenous and exogenous molecules mainly to avoid
potential toxicity. The growing importance of natural sulfated molecules, as modulators of a number of
physiological and pathological processes, has inspired the synthesis of non-natural sulfated scaffolds [1]. Until the
1990s, the synthesis of sulfated small molecules was almost restricted to derivatives of flavonoids and aimed
mainly at structure elucidation and plant biosynthesis studies. Currently, the synthesis of sulfated compounds
concerns structurally diverse scaffolds and is aimed at the development of potential drugs and/or exploitation of
the biological effects of sulfated metabolites [1]. Particularly in our group, some important sulfated flavonoids and
other polyphenols emerged in the field of anticoagulant agents[1]. The purpose of this work was to test a series of
synthetic sulfated small molecules as antifouling (AF) agents due to their molecular similarity with zosteric acid
(p-sulfated cinnamic acid), a potential natural antifoulant, environmentally friendly synthesis and non-toxic nature
and evaluate their potential to overcome the current limitations of biofouling control [2].

Experimental description: The synthesis of the new compounds involved microwave-assisted sulfation of
diverse polyphenol scaffolds. The AF activity was evaluated for thirteen compounds by in vivo biofouling test
towards Mytilus galloprovincialis using two top concentrations (250 and 50 pM). The compounds with the most
promising AF activity were selected for further investigations concerning AF effectiveness versus toxicity,
stability in seawater (HPL C) and ecotoxicity (Artemia salina nauplii).

Results: For three of the tested compounds highly significant differences (p < 0.001, Dunnet’s test) in the
percentage of settled larvae against the control (filtered seawater) were identified. The three compounds revealed
ECsoaround 20 uM, LCso> 250 uM, and L Cso/ECsoratio > 10 were found. The stahility in seawater was observed
after 17 h at 18 °C to cover the time period and temperature of the AF assay and a concentration of at least 95% of
the initial one was detected for each compound. No toxicity was observed after 24 h of exposure at 25 °C in
darknessin A. salina lethality assay highlighting the low direct toxicity effects of these compounds.

Conclusions: Three promising antifouling sulfated compounds were found. These synthetic small molecules did
not show significant toxicity and merited further investigation to select a candidate for incorporation in paints.

Key Words: synthesis, sulfate, antifouling, environment, non-toxic
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Despite a rapid grow of the interest, further studies of the complicated nature of the solid state conversion
maintaining single crystalline morphology (SC-SC) are highly desirable. This phenomenon was found to be
dependent upon various physical (e.g. light, pressure, heat) and chemical (e.g. redox, central metal ion exchange)
stimuli. Here the unprecedented transformation in a SC-SC manner induced by the shift of the solid state-solution-
gas phase equilibria has been found. In the system: [Ni(Il)-(5-methyl-5-phenylhydantoin)-concentrated ammonia
solution)] organic ligand (mph) belongs to the group of hydantoin (imidazolino-2,4-dione) derivatives known
from various biomedical applications. A decrease of the ammonia concentration (open system) in the mother
liquor over violet crystals of [Ni(mph)2(NHs)2(H20)2] 1.5NHs (1) caused a release of ammonia from the crystal
channels and filling them with water forming blue crystals of the hydrate (2). Compound (1) crystallized in the
triclinic symmetry (space group group P) whereas (2) in monoclinic symmetry(space group P2i/c). Exchange of
small molecules (NHs—H-20) in the second coordination sphere caused significant structural changes of the first
coordination sphere preserving its composition. However, when the crystals of (2) were removed from the
solution and exposed to the gaseous ammonia atmosphere, the chemically (but not morphologically) reversible
transformation into the violet powder of (1) was observed. This indicates on potential using the system as

){ALV)\M i
(5 =

AL
S

(1) (2)

Structural changes in the first coordination sphere of violet [Ni(mph)2(NH3s)2(H20)2] 1.5NHs(1) upon SC-SC
transformation into blue Ni(mph)2(NHs)2(H20)2] 1.5H20 (2)

The changes of violet into blue crystals and the respective powders were also studied and discussed through the
electronic and IR spectroscopies and thermogravimetric analysis combined with FTIR spectroscopy.
Keywords. SC-SC transformation; Ni(Il) complex; 5-methyl-5-phenylhydantoin; structural changes
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Abstract

Liquid crystalline (LC) materials have promise as one of fascinating organic materials showing both flexibility
and anisotropy. The coexistence of the two different properties enables us to apply LC materials beyond
prominent display uses: optical data storage devices, biomedical tools, and semiconductors. In terms of advanced
magnetic properties, paramagnetic liquid crystalline (PLC) materials are superior to ordinary diamagnetic LC
materials, they are anticipated to exhibit unconventional magneto-electric and magneto-optical properties.
Especially, PLC compounds with chiral nitroxide radical moieties in the mesogen core exhibit unique magnetic
interactions in their LC phases (Magneto-L C effects) hitherto unknown as magnetic properties of purely organic
solid-state in such a high temperature range [1]. Droplets of the radical LC compounds floating on hot water were
attracted to a permanent magnet and moved freely using the magnet, whereas the crystallized particles of the same
compounds never responded to the magnet [1]. The magnitude of the magneto-L C effects experimentally depends
on the type of LC phases, or the superstructure. This talk will present how the LC superstructures induced the
spin-spin dipole and exchange interactions to operate in the LC phases by means of VT-EPR spectroscopy and
SQUID magnetization measurement [1-3]. The experimental results indicate that the magneto-L C effects originate
from the inhomogeneous intermolecular magnetic interactions.
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The field of nanomedicine offers excellent prospects for the development of new non-invasive strategies for the
diagnosis and therapy of cancer [1, 2]. A major advantage of nanomaterials (NMs) is their potential to be used as
non-invasive diagnostic tools. By combining multiple modalities into a single probe, higher sensitivity can be
achieved, leading to deeper insights into different in vitro and in vivo processes. Despite the significant progress
that has been made in the field of NMbased cancer diagnostics, our overall understanding of their
pharmacokinetics (adsorption, uptake, distribution, metabolism and excretion) is still limited. Detailed
investigations of the physicochemical
properties and physiological behavior of NMs
in biological environments are required to be PET
better able to understand, predict and control
their biodistribution.

Tumor localization

Information about patho-
physiological processes

We ae aming to develop targeted

nanomaterials capable of imaging cancer by a E'!‘

combination of positron emission tomography
PET, fluorescence optical imaging (Ol) and/or
magnetic resonance imaging (MRI) to provide
a deeper understanding of their interactions in
vitro and in in vivo. For the development of
any functional nanomaterial to be applied for
cancer imaging, it is of utmost importance to

evade capture by the mononuclear phagocyte Elucidation of cell-biological
system and to circulate in vivo until reaching Anatomical information i

the target. It is now well recognized that byt E-Sm s gkt
ultrasmall (< 6 nm), renally-excretable ‘
particles are the most appropriate from this . .

point of view, provided that they can be
coupled to an efficient targeting vector.

Prototypes of highly-defined narrow-sized NPs have been developed and characterized, e.g. 2 - 4 nm-sized silicon
NPs with reactive surface moieties, such as amino and carboxylic acid groups. Ultrasmall superparamagnetic iron
oxide (USPIOs), upconverting nanophosphors and dendritic polyglycerol derivatives (< 10 nm) are also available
as defined platforms. New assembly strategies, resulting in well-defined surface-attached radiochelates,
fluorophores and targeting vectors will be presented. This includes in particular the engineering of zwitterionic-
coated “stealth” NPs, leaving only targeting groups directly exposed to the surrounding biological milieu. [3] A
small camelid single-domain antibody (sdAb) was chosen as targeting vector of the epiderma growth factor
receptor (EGFR) which is overexpressed in avariety of solid tumors. [4]
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Abstract

Purpose: We have grown organic semiconductor crystals of the high quality by
both liquid-phase and vapor-phase methods in order to apply these crystals to
optical and electronic devices.

Experimental description: We improved vapor-phase and liquid-phase crystal
growth apparatuses. Figures 1(a) and 1(b) show schematic diagrams of the
apparatuses. One of the important points is that a substrate is placed in the vicinity
of a source materia in the vapor-phase method. As for the liquid-phase method,
these are that the undissolved solute of the organic semiconductor remains in
solution and that a substrate is mounted on a radiator. These methods make the
crystals grown directly on the substrates.

Results: Figure 2 shows a fluorescence micrograph of a crystal grown directly on
the substrate by the vapor-phase method. The crystal was made of one of
thiophene/phenylene co-oligomers. We obtained the hexagonal crystal consisting
of the straight sides that reflected crystalline axes. We can obtain similar crystals
by the liquid-phase growth method. When we excited these crystals by ultraviolet
light, we observed glaring edge emissions with inside darkness (see Figure 2). This
is attributed to an anisotropy of strong emissions observed paralel to the crystal
plane. When the crystals have pairs of parallel crystal facets perpendicular to the
crystal plane, which act as a Fabry-Pérot resonator, laser oscillations can be
observed under strong excitation. Current-injected light-emitting devices can be
readily fabricated by growing the organic semiconductor crystal on an Si wafer
substrate covered with an oxide layer, and by depositing electron- and hole-
injection contacts.

Conclusions: We have improved organic crystal growth methods and obtained
high quality crystals using these methods. We have applied these crystals to basic
optical and electric property measurements and to optoelectronic device
applications.

Key Words: organic crystal, crystal growth, optical and electronic properties
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Abstract

Purpose: To unveil the actual mechanistic pathway of catecholase activity by developing faithful structural —
functional models based on small coordination compounds.

Experimental description: Ligand systems: “end-off” and “side-off” compartmental Schiff-bases, simple N4O,
and N0 type Schiff-bases and Mannich bases. Metal ions: Cu(ll), Ni(l), Mn(l11/11) and Zn(I1). Substrates: 3,5-di-
tert-butylcatechol (3,5-DTBC) and tetrachloro catechol (TCC). Structure analysis: X-ray single crystal, IR, UV-
VIS, ESI-MS. Activity and kinetic study: UV-VIS; EPR, cyclic voltametric analysis. DFT calculations: Gaussian
09 program package; BP86-D3/def2-TZVPD, TURBOMOLE version 6.4; B3LY P/6-31+G*; COSMO.

Results: A series of Cu(I1)/Ni(11)/Zn(11) complexes of “end-off” compartmental ligands, complexes of Mn(l1/111)
with “end-off” and “side-off” compartmental Schiff-base ligands, complexes of Ni(Il) with simple N4O, and N,O
type Schiff-bases and complexes of Zn(I1) with Mannich bases having different nuclearities have been synthesized
and structurally characterized. Catecholase activity of well characterized complexes have been investigated in
different solvents using 3,5-DTBC and TCC as model substrate. UV-VIS spectral scan using 3,5-DTBC as
substrate in presence of certain dicopper(I1) complexes as catalysts shows the oxidation proceeds via formation of
two intermediates in acetonitrile medium. However, in methanol medium no such intermediates could be
characterized. The possible structures of the intermediates where mode of binding of 3,5-DTBC are different with
copper center(s) have been rationalized on the basis of ESI-MS study. With a dinuclear Ni(ll) complex one
intermediate has been assigned when TCC is used as substrate only in methanol solvent, but not in acetonitrile.
Characterization of the intermediate has been done by ESI-MS study and further been supported by DFT
calculation. Mononuclear Ni(Il) complexes are observed to exhibit catecholase-like activity depending on their
structure in solution. Mn(I1) as well as Mn(l111) complexes are showing excellent efficiency to catalyze the aerobic
oxidation of catechol to quinone with varying degree depending on solvent, nuclearity etc. Interestingly, redox
innocent Zn(l1) complexes having mono- as well as dinuclearity are showing admirable catecholase-like activity.
Activity of higher nuclearity species has been investigated using tetranuclear Cu(ll), pentanuclear Ni(ll) and
hexanuclear Zn(I1). Detailed kinetic experiments have been done to evaluate ke values by applying Michaelis-
Menten model. The origin of catalysis has been investigated by cyclic voltametric, EPR and UV-VIS spectral
studies followed by DFT calculations.

Conclusions: Faithful structural as well as functional models of the active site of catechol oxidase have been
designed and synthesized. Several unprecedented finding have been explored during the course of study some of
which have been explained and/or rationalized by combined experimental and theoretical investigations. Metal
centered redox participation or radical pathway is the origin of the activity of the model complexes. In some cases
more appropriate mechanistic pathways have been proposed.

Key Words: Catecholase activity; Manganese, Nickel, Copper, Zinc, DFT.
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Abstract

With the aim of using ®*Cu and ®'Cu radionuclides in nuclear medicine for cancer therapies, significant progresses
have been done these last decades to develop stable copper chelates presenting various properties.* The use of Cu
radioisotopes in Positron Emission Tomography (PET) and in RadiolmmunoTherapy (RIT) requires the
development of specific ligands able to form thermodynamically, kinetically and electrochemically stable
complexes to prevent the release of the radionuclide in the body during the treatment. N-functionalized cyclam
derivatives are recognized as the most promising chelates for these applications compared to other chelators. They
are especially preferred to DOTA (the most commonly used commercial ligand) for the complexation of Cu (1)
radioisotopes since they offer better physicochemical properties. However, diagnostic or therapy applications
require their use as bifunctional chelates (BCAs: Bifunctional Chelating Agents, Figure 1) presenting an
additional function that allows their conjugation to biological vectors as antibodies, haptens, peptides, etc. To
introduce this supplementary anchoring function while preserving the complexation properties of the chelates, we
have developed a new way of efficient synthesis of C-functionalized cyclams derivatives that uses an endogenous
template effect.” This new class of cyclam BCAs has been investigated for *Cu(l1) complexation involving in
vitro and in vivo studies.

These investigations provide new radiopharmaceuticals now successfully used for PET imaging of small animals
in various cases of cancer identifications and treatments.

Chelator
Radionuclide Chelate
\K\‘ \\ \ R \K
\\ \~
Antibody Immunoconjugate Radiopharmaceutical
Figure 1
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Abstract

Purpose: The aim was to synthesize a new kind of 1,1,4,4-tetracyanobutadienes (TCBDs) from reaction of
ynamides and tetracyanoethylene

Experimental description: To do so, 1 equivalent of ynamide is mixed with 1 equivalent of tetracyanoethylene in
dichloromethane at room temperature overnight.

Results: By proceeding like this, the corresponding TCBDs are generally obtained in quantitative yields. The
mechanism of the reaction is thought to be a sequence of [2+2]cycloaddition followed by a
[2+2]retroelectrocyclization. The scope of this reaction is quite large and will be discussed during the talk.
Particularly noteworthy is the electron-withdrawing properties of these TCBDs. Among all the TCBDs described
in the literature, they appear as one of the best electron-acceptors and can be described as super-electron
acceptors.
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Conclusions: Given the high-yields of this reaction and the accepting properties of these new TCBDs, the use of
this kind of moieties in new opto-electronic devices is envisaged (photovoltaic materials or non-linear absorbing
materials).
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Upconversion nanoparticles exhibit anti-Stokes emission upon low levels of irradiation in the nearinfrared
(NIR) spectral region, where biological molecules are optically transparent. In addition, these nanoparticles show
sharp emission bands, long lifetime, tunable emission, high photostability, and low cytotoxicity, which render
them particularly useful for bio-imaging applications. The term “multimodal imaging” refers to the process of
incorporating two complementary imaging modalities within the frame of a single examination. Ever since the
introduction of MRI as a diagnostic tool, the interest in contrast agents (CA) as efficient, responsive and tissue-
specific markers has grown tremendously. The multimodal imaging agents are fabricated by the incorporation of
gadolinium (Gd®), widely used as the T, contrast agent in magnetic resonance imaging (MRI),** in the crystal
host lattice to develop particles that can simultaneously serve as optical and magnetic contrast agents. In a recent
study, we linked a paramagnetic gadolinium(I11)-chelates based on the 2-[4,7,10-tris(carboxymethyl)- 1,4,7,10-
tetraazacyclododec-1-yl]acetate (DOTA) ligand to the surface of NaGdF4:Yb* Tm?*" upconverting nanoparticles
has favorable properties for bimodal Magnetic Resonance Imaging (MRI) and Optical Imaging (O1).* However it
has been noticed that the optimal field strength for Gd-based chelates is below 1T, and as much as one-third of rl
was reduced at 3T.! In the contrary, clinically used T, CAs, are known to achieve magnetization saturation at
around 1.5 T, and further increase of field strength will not lead to the decrease of the T, relaxation enhancement
effect.* Lanthanide ions like Th**, Dy*" and Ho®" are characterized with high magnetic moments, and in particular
Dy** and Ho* have very fast spin relaxation and have been shown to be very suitable as potential T, contrast
agents at high magnetic fields.” Thus here we report the synthesis, optical and magnetic properties of lanthanide
containing nanoparticles with an upconverting (UC) core NaGdo 7Y bg 20Er002F4 covered with a Dy** doped MRI
active shell (NaGdi.0DYo100F4). The synthesized nanoparticles show bright green emission due to the
characteristic transition of Er** when excited at 980 nm in water medium. Furthermore ar, value of 10.2mM *s™
per lanthanide(l11)-ion at 500 MHz and 310 K has been shown by nanoparticles doped with 10% of Dy** in the
shell. Thus the imaging agents that we developed in the present study can be considered as a novel generation of
T, CAsasthey will be effective at high magnetic fields, resulting in high resolution and better contrast of images.
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Abstract

Purpose: to improve conversion efficiency and stability of indoline dyesin dye-sensitized solar cell
Conclusions: two purposes were done as shown below.

Improvement of conversion efficiency
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Abstract

Purpose: To illustrate an alternative approach to induce liquid crystalline phases of triazined-based dendron,
which is different from the conventional one that incorporates dendrons with H-bond moiety to form dimers or
trimers for inducing their LC phases.

Experimental description: The target molecules for illustrating such a concept are shown below, and prepared
according to literature (Chem. Eur. J. 2012, 18, 15361-15367 and Chem. Eur. J. 2014, 20, 5160-5166).
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Results: Due to the strong dipole moment or H-bond interaction, GsCl and G3N~NH  self-assembling into dimers
in their solid stackings, do not exhibit any LC phases on thermal treatment, but Dendrons 1a-1c without forming
dimmers in their solid stackings thus display the columnar LC phase during the thermal processes, which is
evidenced by its mosaic texture under a polarizing optical microscope and further confirmed by DSC and powder-
XRD studies.

Conclusions: Compared with the literature method to lead dendrons to exhibit LC phases, our approach is
unconventional and has never been reported so far, which should be applicable to other dendron systems
containing rigid linkages and cores for inducing their LC phase. This approach is possibly useful in the areas of
photovoltaics, field transistors, and other areas, especialy, dendrons with lower molecular weight thus reduce the
viscosity of the dendritic mesogens, and involve less synthetic steps in preparation while compared with the
corresponding dendrimers

Key Words: unconventional, dendron, triazine, symmetry- breaking, columnar
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Abstract

Purpose: Nanoparticles may serve as a promising means to deliver novel therapeutics to the myocardium
following myocardia infarction. We assessed whether lipid-based liposomal nanoparticles specifically target
injured myocardium following intravenous injection.

Experimental description: CD1 male mice that underwent LAD ligation surgery with 45 minutes of ischemia
followed by reperfusion (I/R) and then received tail-vein injection 24 hours following surgery with either Gd-
DTPA labeled, fluorescent NBD-labeled liposomes (n = 7) or a saline vehicle control (n = 7). The hearts were
harvested 24 hours later and underwent T1 and T2-weighted ex vivo MR imaging using a 7 Tesla Bruker magnet.
The hearts were the sectioned for immunohistochemistry and also optical fluorescent imaging using an IVIS
imaging system.

Results: The mean size of the liposomes was 100 nm by dynamic light scattering. T1-weighted imaging
demonstrated a significant increase in signal intensity in the LAD territory vs the posterior wall with liposomes
compared with control. Optical imaging demonstrated significant increase in the LAD territory vs the posterior
wall for animals that received liposomes compared with those that received control. Fluorescent microscopy
demonstrated the presence of green fluorescence consistent with NBD-labeled liposomes within the infarct area of
hearts from mice that received liposomes while there was no green fluorescence in the hearts of mice that received
injection of saline control.

Conclusions: Following a murine model of MI, liposomes traffic to the heart and preferentially home to regions
of myocardial injury. These liposomes can be loaded with therapeutic agents to deliver novel agents directly to
regions of myocardial injury.

Key Words: liposomes, myocardial infarction, imaging, targeting, fluorescence
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Abstract

Purpose: The main aim of the work synthesis and studies of carbazole-based organic semiconductors for the
application in optoelectronic devices, such as organic light emitting diodes (OLEDS), organic and hybrid solar
cells.

Experimental description: The synthesized compunds were characterized by NMR, IR, mass spectrometries and
elemental analysis. Their properties were studied by thermogravimetry, UV and luminescent spetrometries, cyclic
voltammetry, photoel ectron emission spectrometry, time-of-flight technique etc.

Results: Carbazole-based organic electroactive materials recently synthesized in the laboratories of the authors are
reviewed. They were successfully applied in hybrid solar cells and in OLEDs. Compounds exhibiting high
fluorescence quantum yields and ambipolar organic semiconductors are emphasized. Star-shaped carbazole
derivative tri(9-(4-methoxyphenyl)carbazol-3-yl)amine showed good performance in solid-state dyes seinsitized
solar cells as hole conductor. Carbazole trimers with different linking topology represent another group of glass-
forming ambipolar molecular materials. 2,7-Di(9-carbazolyl)-9-(2-ethylhexyl)carbazole was found to show very
high electron mobility (ue=2x10°cm?V's' at an electric field of 1.8x10°V/cm) and reasonably high hole
mobility (u, = 8x10™* cm?V's™). 3,6-Di(9-carbazolyl)carbazoles have appeared to be effective host materials for
blue organic electrophosphorescent devices. The triplet energies of these materials approach 3.0 eV. Using these
host materials, blue phosphorescent OLEDs having efficiencies of up to 15 % were demonstrated. Since 3,6-di(9-
carbazolyl)carbazoles exhibit high triplet energy and ambipolar charge transport, they were successfully used for
the development of single-layer electrophosphorescent devices with external quantum efficiencies of 8-9% for
blue and 13-14% for green and 10% for white devices. They also showed good performance in the single-layer
fluorescent OLEDs and as electron-injecting materials in OLEDs based on the phenomenon of delayed
fluorescence. The external electroluminescence efficiency of the later devices reached 17%. Ambipolar charge
transport was also observed in carbazolyl substituted perylene bisimides under ambient conditions. Depending on
the linking topolygy of carbazolyl groups either hole transport or electron transport is more efficient. Time-of-
flight mobilities in these materials reached 10° cm?V's* at high electric fields for both holes and electrons.
Molecular glasses of the recently synthesized conjugated derivatives of N-annulated perylene and carbazole aso
show ambipolar charge transport with charge mobilities well exceeding 10 cm?V's™.

Conclusions: Carbazole-based compounds are effective organic semiconductors for the application in
optoelectronic devices. Both hole-transporting and ambipolar materials can be obtained by combining different
electrophores

Key Words: carbazole, semiconductor, charge mobility, molecular glass, optoelectronic devices.
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2-photon absorption (2PA) is a third-order non-linear optical process where a material system is excited by
the simultaneous absorption of two photons (we just refer for simplicity to one-beam processes, where two
identical photons are absorbed). The probability of the 2PA process grows with the squared intensity of the
light; so that using a focused laser beam it is possible to arrange things in such a way that 2PA only occurs
in the tiny volume defined by the laser focus, the voxel (the elementary volume unit, in analogy with the
pixel, the elementary surface unit). After excitation, the material may undergo different processes that can
be exploited for different use. Here we focus on light-emission, exploited in 2-photon microscopy (2PM)
and the generation of radicals, as needed for 2-photon induced polymerization (2PP). The two techniques
have intrinsic 3D-resolution, opening new perspectives and possibilities in bioimaging and fabrication.

After a short introduction to the two processes, we address the requirements for the practical exploitation
of the two techniques, putting special emphasis on the material requirements. Specifically, we are
undertaking an extensive joint experimental and theoretical work to design optimized materials for the two
applications. Our strategy of excited-state engineering combines results from quantum-chemical
calculations and molecular dynamics to feed a family of parametric Hamiltonians (called essential-state
models), with the aim to reliably describe low-energy spectral properties of a large family of
chromophores, their aggregates and nanoparticles. The models, validated through an extensive comparison
with spectral data, are used to guide the synthesis of optimized materials for 2PA applications.
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Figure 1. Left: a sketch of the excited sample volumes in a 1PA process (blue area) and in a 2PA process
(red area). The volume excited in 2PA defines the unit voxel accessible in 2PM and 2PP applications. Right:

the chemical structure of some dyes.
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In last years, lonic Liquids (ILs) as functional organic salts based on the adequate combination of organic cation
and a variety of anions have been developed and applied in several research fields. In particular, the suitable
combination of peculiar properties of ILs (high chemical and thermal stability, high ionic conductivity and very
low vapor pressure) with metallic functionalities (as counter-ions) is attractive in order to create task-specific
materials.[1] In this context, our group has explored the simple combination of metals and metal nanoparticles
with task-specific ionic liquids by efficient and stable dissolution or encapsulation processes as well as to develop
novel ionic liquids based on metal systems. It is known the high capacity of ionic liquids to extract metals from
organic or aqueous solutions with relevant applications in separation and purification processes. Also, the use of
metal catalysts or metal nanoparticles has been tested in combination with different classes of ionic liquids for
application in severa catalytic processes. Recently, we have prepared task-specific ionic liquids incorporating
metals for application in material science field. In this context, Intrinsically Electrochromic lonic Liquids were
prepared by the combination of metal complexes anions (e.g. EDTA metal complexes, vanadium oxides or
ruthenium and cobalt complexes) with appropriate organic cations (e.g. imidazolium, phosphonium, sulfonium,
pyridinium, ammonium and guanidinium cations). [2-5] The most promising Room Temperature Electrochromic
ILs have been used as efficient and reversible colored devices. [2,3] Magnetic and Luminescent ILs have been
also developed based on different paramagnetic ions such as iron(l11), manganese(I1), ruthenium(ll), cobalt(l1),
europium(I11), dysprosium(I11), gadolinium(lil), terbium(l11) among others. [4,5] The selection of paramagnetic
ion and biocompatible counter-ions can be relevant in order to investigate their potential for selective separation

processes as well as biological or medical
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Abstract

Aromatic polyketides represent important members of polyketides. They are often structurally complex natural
products produced by diverse organisms and display a wide assortment of bioactive properties (antibiotic,
antiviral, antifungal). Within this family of compounds, we can find for example urdamycinone (angucycline
family), calothrixin B and hedamycin (Pluramycin family).
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Interested in the structure-activity relationship of this type of molecules, we have developed a common strategy
based on a hetero Diels-Alder reaction as a key step to synthesize aza-analogues of angucyclinone
(ochromycinone analogues) and calothrixin B.iac This strategy is currently applied to the synthesis of
pluramycin(one)s and last results concerning the synthesis of chiral non-racemic g-indomycinone will be
presented.1d
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Abstract

Purpose: N-heterocyclic carbenes (NHCs) have been successfully used in a variety of applications, such as
catalysis, mainly based on their good o nucleophilic characteristics. In the last years, growing interest has been
focused on their w donor and acceptor properties, generally as ligands to transition metals. This has led to
surprising results such as the existence of a considerable amount of metal-to-NHC n-back-donation, even for d°
transition metal complexes. Furthermore, the relationship between the donor and acceptor properties of NHCs and
their electronic structure remains to be firmly established. In this presentation, we will show in detail how the
electronic structure of NHCs varies based on their atomic arrangement. Then, based on modern computational
tools, the electronic parameters of the NHCs have been used to understand the properties of the bond between the
carbene ligand and both main group and transition-metal fragments.

Experimental description: Computational tools: DFT calculations, ETS-NOCV which combines charge and
bond energy analysis, Natural bond orbital (NBO) analysis.

Results. Besides the crucial role of ¢ donation in the total interaction, we have observed that the role of =

interactions is significant. The & interactions can
be decomposed into various components,
including = polarization within the NHC ring,
which has not been previously discussed.
Furthermore, it becomes possible to correlate
electronic parameters and bonding properties, as
illustrated in the figure for the w-HOMO
eigenvaue of the bare NHC and its st donation.

Conclusions: Our study contributes significantly
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both to the intimate comprehension of the bonding characteristics of NHCs and to the perfectioning of the
computational tools to study metal-ligand interactions. This could facilitate the design of catalytic transition-metal
NHC complexes with the desirable electronic properties.

Key Words: density functional theory (DFT); donor-acceptor interactions; energy decomposition analysis.
Acknowledgements: Thiswork was performed using HPC resources from GENCI-CINES (Grant 2014-x086894)

Correspondence: Gilles Frison, Laboratoire de Chimie Moléculaire (LCM), CNRS, Ecole polytechnique, 91128
Palaiseau Cedex, France — gilles.frison@polytechnique.edu

References:

[1] E. Rezabal, G. Frison J. Comput. Chem. 2015, 36, 564-572.
[2] J. C. Bernhammer, G. Frison, H. V. Huynh Chem. Eur. J. 2013, 19, 12892-12905.

[3] H. V. Huynh, H. L. Ong, J. C. Bernhammer, G. Frison Eur. J. Inorg. Chem. 2013, 4654-4661.
[4] H. V. Huynh, G. Frison J. Org. Chem. 2013, 78, 328-338.

119



IC3TC 2015 - Proceedings

O 9B —S. Mukherjee

120



IC3TC 2015 - Proceedings

O 10B - Asymmetrical N-substituted naphthalenes diimides as building

blocks in multichromophoric systems

Andrea Fermi *, Andrey A. Berezin', Davide Bonifazi

Namur Research College (NARC) and Department of Chemistry, University of Namur, Rue de Bruxelles 61, 5000
Namur, Belgium.

Abstract

Core-substituted naphthalene diimides (cNDIs) represent a wide class of molecules of emerging interest in several
significant fields like biological and supramolecular chemistry. Recent developments in the synthesis of cNDIs
allowed to explore the properties of these colourful compounds, probing -
that they are able to cover a wide range of applications such as conductors
in n-type organic transistors, biomimetic or bio-inspired systems and
photoconducting materials. In addition, they show peculiar photophysical
properties compared to their core unsubstituted counterparts.”® More ET
recently, improved synthetical strategies have been rationalized in order
to obtain peripheral asymmetric substitution, further broadening the
potential applications of this class of molecules.!”

~

With the aim of taking advantage of these new synthetical methods, new
molecules featuring NDI moieties in covalent systems are presented.
Joining different core-substituted NDIs within the same architecture can
affect significantly affect the photophysical properties of the single
components, where deactivation processes such as electron and energy
transfer can occur within a multichromophoric system.

Key Words: naphthalene diimides, multichromophoric systems,
photophysics, energy transfer
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Abstract

The mechanistic understanding of transition metal-catalyzed chemical transformations is of fundamental
importance to design optimized methodologies for the synthesis of target products. We are interested in coinage
metal catalysis, with special focus in unravelling the detailed molecular mechanisms and redox chemistry
involved in C-C and C-heteroatom cross-coupling reactions. Here we present the unprecedented isolation of
elusive aryl-copper(l11)-halide species directly involved in C-heteroatom catalytic reactions using model aryl
halide substrates. In situ spectroscopic studies of Cu-catalyzed C-X (X=F, Cl, Br, 1), C-N, C-O, C-S, C-Se, C-P
and C-C coupling reactions provides definitive evidence for the involvement of an aryl-copper(l11)-halide
intermediate in a redox Cu(l)/Cu(lll) catalytic mechanism. On the other hand, analogous two-electron redox
catalytic cycles, which are most common in noble metal organometallic reactivity, have never been considered for
silver. Herein, we show that an unprecedented Ag(l)/Ag(ll1) catalytic cycle is operative in model C-O and C-C
cross-coupling reactions. We anticipate our study as the starting point for expanding Ag(l)/Ag(lll) redox
chemistry into new methodologies for organic synthesis, resembling well-known copper or palladium cross-
coupling catalysis. Furthermore, findings described herein dismiss the generally accepted conception that silver
redox chemistry can only arise from one electron processes.
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Abstract

In the perspective of an opto-electronic technology based on organic semiconductors, a mgjor objective is to
achieve a deep understanding of their behavior in terms of structure-property relationships. The interplay between
intramolecular properties and intermolecular interactions governs, among others, charge conduction mechanisms,
energy transfer, optical properties. Over the past few years we have modelled, with computational tools,
structural, electronic, optical and charge transport properties of a number of core-extended conjugated molecules,
paying increasing attention to the effects that condensed phase and structured environments can have on the
properties of the molecular material. Although cooperative effects can have a relevant role, the performance and
the properties of molecularbased materials can often be related to the structure and behavior of its constituting
molecules. The electronic structure, optical and charge transport properties of organic semiconductors can be
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therefore tuned by molecular design. Measurements in
single-crystal deviced[1,2] offer a superior substrate for
testing molecular models of charge transport. In recent
years we have explored these properties for severa n-type
extended-core n systems[3-5] that can be considered
models for graphene nanoribbons and more recently for
p-type sulfur-decorated organic semiconductors.[6] | will
summarize our recent simulation results by paying
attention also to thermally induced dynamical effects that
can modul ate electronic intermolecular interactionsin this
class of molecular materials and that have been
investigated computationally by means of an integrated
computational approach including molecular dynamics

simulations accompanied by quantum-chemical evaluation of electronic
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Abstract

Purpose: Chemical sensing represents one of the key enabling technologies which will deeply impact our society,
because of its foremost relevance in point-of-care diagnostics, environmental monitoring, industrial quality
control and security.1 The major hurdle to overcome for the full exploitation of chemical sensing is the lack of
selectivity in the currently available technologies, which leads to an unacceptable frequency of false positive and
false negative responses. The exploitation of molecular receptors as sensing materials is particularly attractive to
address the selectivity issue. The progress made in designing synthetic receptors enables the modulation of the
sensor selectivity towards different classes of compounds by mastering the weak interactions occurring between
the sensing material and the analytes.2 Based on our most recent results in the specific detection of sarcosine in
urine (biomarker of aggressive forms of prostate cancer)s and designer drugs in watera we studied
tetraphosphonate cavitands as selective ligands for the detection of amino acids.

Experimental description: Tetraphosphonate cavitands are versatile receptors, capable of binding different
classes of guests in different phases. In solution, Tiiii cavitands present remarkable molecular recognition
properties toward N-methyl ammonium salts. The origin of Tiiii selectivity toward N-methyl ammonium salts, can
be attributed to the presence of three interaction modes. (i) N+eeeO=P cation—dipole interactions; (ii) CHs—n
interactions of the acidic +N—CHs group with the = basic cavity; (iii) two simultaneous hydrogen bonds between
two adjacent P=0 bridges and the two nitrogen protons. The ability of tetraphosphonate cavitand in complexing
different amino acids was investigated through 1H and 3:P NMR and ITC studies. Moreover, X-Ray crystal
structure studies evidenced the synergistic interaction modes responsible of the complexation event.

Results: ITC anaysis of the thermodynamics of the host—guest interaction and NMR competitive demonstrate
that Tiiii shows a clean preference towards mono-methylated amino acids respect to the other amino acids tested.
Moreover, the structure of the complexes were elucidated by X Ray diffraction.

Conclusions: In the present work, we report the use of Tetraphosphonate cavitand as selective synthetic receptor
for arange of bio-relevant molecules. The physicochemical origin of this outstanding selectivity was investigated
by complementing ITC analysis of the thermodynamics of the host—guest interaction and NMR competitive
experiments. It turned out that the complexation event arose from both favorable enthalpies and favorable
entropies. The highest Ka calculated for monomethylated amino acids demonstrates that the synergistic presence
of various non-covalent interactions fosters the binding process, demonstrating that the presence of functionalized,
rigid, organized aromatic systemsis critical to provide strong affinities and methylation state selectivity.

Key Words: phosphonate cavitand, molecular recognition, host-guest interaction, amino acids
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Abstract E

Population aging is one of the major problems facing
Europe in the coming years and this inevitably leads to an
increase in chronic diseases and in the need for
personalized medical monitoring and care. To reduce
costs and expand the variety of monitored diseases as well
as detection limits and accuracy, new sensing
methodologies are required. The development of powerful
Chiroptical Systems will open possibilities for unique 2 =
sensing modalities due to their high sensitivity to Ch|ropt|ca|
conformational changes and supramolecular interactions.
Systems

We Designed and Synthetized chiral organic molecules
with outstanding chiroptical responsesiz that undergo
Molecular Recognition in solutioniz and surfaceg
showing Chiroptical Amplification. Currently, we are
working on the development of tailored molecules for the
development of LabOnChip devises for sensing
applications.

Chirality - Self-assembly - Chiroptical responses
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Abstract

Purpose: In order to understand the stabilizing interactions in B-DNA and supramolecular systems inspired by
DNA, we have analyzed a stack of two identical base pairs at a distance of 3.4 A. Our analyses provide detailed
insight into the role and relative importance of the various types of interactions, such as hydrogen bonding, n-n
stacking interactions, and solvation.

Experimental description: All calculations were carried out with the ADF program using dispersion-corrected
density functional theory (using Grimme's DFT-D correction) at the BP86-D/TZ2P level of theory.

Results: Interestingly, we can show that al stacked base pairs benefit from a stabilization by 6-12 kcal/mol if
stacked base pairs are twisted from 0° to the mutually twisted stacking configuration that occurs in B-DNA. We
also show that so-called "diagonal interactions" in the stacked base pairs are crucia for understanding the stability
of B-DNA, in particular, in GC-rich sequences. Such analysis provides further insight for building a chemically-
controlled nanoswitch based on the GC Watson-Crick pair, a supramolecular complex that can be switched in
terms of bond strength and shape through substitution, even under microsolvation.

Conclusions: The cohesion between B-DNA's single strands is not only determined by Watson-Crick hydrogen
bonding but also by the diagonal interactions (cross terms) between a base in one base pair and the opposite base
in the next base pair in the stack. These cross terms are particularly stabilizing between stacks of GC pairs which
further reinforces the stability of GC-rich sequences which already benefit from stronger Watson-Crick hydrogen
bonding (J. Poater, M. Swart, F. M. Bickelhaupt, C. Fonseca Guerra, Org. Biomol. Chem. 2014, 12, 4691).

Key Words: density functional theory (DFT), DNA, hydrogen bonding, mismatched base pairs, n—x stacking
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Abstract

The use of solvothermal synthesis has been well developed over the past few decades for the preparation of oxide
materials, particularly when water is used as solvent. By using mild solution-mediated crystallisation, control of
crystal form may be possible to form crystallites with nanoscale dimensions: this provides a means of controlling
materials properties beyond the crystal chemistry. In this presentation | will describe some novel approaches to
preparing precious-metal oxides using hydrothermal chemistry for use in energy applications. We have studied the
solution chemistry of ruthenium and iridium and discovered a range of new materials in which we are able to
stabilise high oxidation states of the metals; this includes a novel layered ruthenate SrRu”,0g with unusually high
antiferromagnetic ordering temperature (> 200 °C), new structure typesin Ba,;Ru"30(OH) and Caul '’ F(OH)s.OH
and some novel mixed-metal pyrochlores (Nag33Cepe7)2(1r1.xRUx)207. An important application of such precious-
metal oxides is electrocatalysis in agueous acid in electrolysers and fuel cells; these do not suffer from carbonate
contamination of alkaline electrolytes and offer higher charge densities. We have thus been able to fabricate
robust electrode coatings for PEM fuel cells, where the catalyst layer is needed to buffer oxygen concentration by
the oxygen evolution reaction (OER). | will describe how in situ XAFS studies of the electrochemistry under
operating conditions reveals the cooperative redox behaviour of Ru and Ir, giving some significant new insights
into the mode of operation of the new mixed ruthenate-iridate pyrochlore family towards electrocatalytic OER.

“Water-Splitting Electrocatalysisin Acid Conditions Using Ruthenate-Iridate Pyrochlores’ K. Sardar, E. Petrucco,
C.I. Hiley, J.D.B Sharman, P.P. Wells, A.E. Russell, R.J. Kashtiban, J. Sloan and R.I. Walton, Angew. Chem.,
Int. Ed 53 (2014) 10960—10964.

“Ruthenium(V) Oxides from Low Temperature Hydrothermal Synthesis’ C.1. Hiley, M.R. Lees, J.M. Fisher, D.
Thompsett, S. Agrestini, R.I. Smith and R.l. Walton, Angew. Chem., Int. Ed. 53 (2014) 4423 —4427
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Purpose: Alzheimer’'s disease (AD) is the leading cause of dementia in the elderly, by striking 1 over 20 in the
World. A defining feature in AD is the post-mortem observation of proteinaceaous plaques, mainly composed of
the amyloid-beta peptide (Ap), along with accumulated metal ions, including redox competent ones. In particular,
Ap-Cu is able to catalyze the production of Reactive Oxygen Species (ROS) such as hydrogen peroxide or the
hydroxyl radical [1]. The presence of oxidative damages on neuronal lipids and proteins clearly links oxidative
stress to AD [2]. The AR peptide itself undergoes such oxidative damages as it is found oxidized in amyloid
plaguesin vivo [3].

Experimental description: the Ap peptide was oxidized in the presence of copper and ascorbate and oxidative
damages were characterized by mass spectrometry; ROS production was measured by fluorescence spectroscopy
of the 7-hydroxy-coumarin-3-carboxylic acid resulting from ROS scavenging by 3-coumarincarboxylic acid.
Other experiments were carried out with x-ray absorption spectroscopy for studying the coordination of copper
ionsto the oxidized AP peptide.

Results: By using mass spectrometry-based methodologies, we have Ascorbate

characterized the coordination sphere of copper in the redox-competent +0, ; (w
state of AB-Cu [4]. We found that copper is bound by the N-terminal His14

aspartate and the histidine dyad (Hisl3 and Hisl4) while the third
histidine acts as a gate keeper. In addition, we have shown that as the
peptide is oxidized, the coordination of copper ions changes (loosely
bound copper), resulting in an increasing of ROS production. The .
results suggest that Ap oxidation might be of interest in the development His13
of new strategies fighting against Alzheimer’s disease.

ROS

Aspl --
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Abstract:

Nanoparticles are produced for decades on industrial scale, there is an urgent need to evaluate their risks and
ensure their safe production, handling, use, and disposal. Moreover, a comprehensive study is clearly needed to
fully explore their toxicity, which may help to better understand their deleterious health effects and create
environmentally friendly and biologicaly relevant nanoparticles. In particular, the behaviour of nanoparticles
inside living cellsis still an enigma. Toxicity is among others a dose-dependent phenomenon. It is then crucia to
be able to set-up methods susceptible to quantify NPs from macro- to sub-cellular scales.

This presentation concerns this aspect since we propose:

1) to apply Multimodal Correlative Microscopy based on lon Beam Analysis, TEM, and Confocal
Microscopy to detect, track, and quantify of bare and chemically modified TiO2 NPs and also use them as
indicators of ion homeostasis, cell metabolism, or fate. [1]

2) to address their potential toxicity on organisms such as C. elegans (Nematode). In this context, we
studied the ecotoxicological effects of three different types of bare or hybrid TiO2-NPs on C. elegans. [2] Their
impact was investigated using several parameters. survival, worm length, and reproduction.

Hyb.TiO,NPs  Pharyngial  ~
bulb

Figure: @) In vivo observation of a single human cell exposed to functionalized TiO2 NPs. b) observation of
functionalized TiO2 NPsin C elegans.
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Abstract

As part of our continuing research program devoted to Artificial Photosynthesis, with the aim of producing
photoinduced charge-separated states within semi-rigid pyridinium-based inorganic dyads,[1] we have recently
revisited both the (photo)chemistry and the physical chemistry of mono- and oligo-pyridinium species.[2] Here we
report on the multifaceted properties of these “Expanded Pyridiniums’ (EPs), that are actually comprised of two
subclasses (see Figure): the branched EPs (i.e. polyaryl-substituted pyridiniums of types TP and XP) and their
fused or hemi-fused counterparts (types fTP and hfXP, respectively).

H1

R (X=CH.N. N*-Me)
XN+ -)-R? RQ&XD—

0 TP

R1

Based on insights we gained from the combined experimental and theoretical study of EPs of the first generation
(X = CH in Figure), we derived strategies to design original multifunctional (bi-)pyridiniums (X = N and N*-Me
in Figure), which behave not only as good electrophores, but also as good chromophores (dyes) and good
luminophores.[2]

Overall, together with their structural specificities, the appealing electronic features and photochemical behavior
of certain EPs alows considering them as possibly relevant “smart” pharmacophores that could be of potential
interest for biomedical and therapeutics purposes, in particular for implementations targeting nucleic acids.[3]

Key Words. Expanded Pyridiniums, photochemistry, chromophore, molecular modeling, pharmacophore, nucleic
acids
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Abstract

In the past two decades, n-conjugated organic compounds have attracted much attention due to their potential
applications in various fields such as light-emitting, and nonlinear optical materials. Introduction of heteroaryl
moieties into n-extended systems is particularly useful when electron transfer is necessary, and it is a way to
modify and sometimes enhance the electrooptical properties. Diazines such as pyrimidine, pyrazine and
quinoxaline are excellent candidates to be incorporated in such structures. Indeed, these heterocycles have a high
electron-withdrawing character, significant aromaticity that can lead to highly conjugated molecules, as well as
high dipolgr interaction and pH sensibility that can also be used to modulate the optoelectronic properties of
molecules.

Recently, we have synthesized a large library of si-conjugated diazine oligomers by means of palladium catalyzed
cross-coupling and condensation reactions.” Some of these structures exhibited strong photoluminescence and
found applications as fluorescent sensors. Currently, our interest focuses on the modification of the structure of
push-pull diazine derivatives to tune their luminescence properties. In this context, we have modulated the three
parts of the push-pull structure, i.e., the diazine electron-attracting part, the electron-donating part and the -
conjugated bridge. Thus, we have shown that either protonation or coordination with various metal cations can
become a powerful tool for the creation of multicolor fluorescence with a single molecule.® These systems have
also potential application for white light emission after suitable design.

/ n-conjugated core —@
AN

e D = NR,, OMe...

Push-pull organic materials also exhibit 2™ order non-linear optical properties. Recently we have described a
series of diazine push-pull derivatives that showed high first hyperpolarizability. The influence of the
coordination/methylation of the diazine part, as well as the structure of the s-conjugated bridge on the 2™ order
NLO response were carefully studied.”

The last part of this presentation will concern with a pyrimidine triphenylamine alternated polymer that exhibits
an important two-photon absorption (TPA) cross section, much higher that the corresponding monomer. Two-
photon lithography using this chromophore has been demonstrated.®
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Metal overload plays an important role in several diseases or intoxications with poisonous metal species. Peptides
are promising metal-chelating agents, which offer many advantages over synthetic chemical compounds to treat
metal overloads. Indeed, since they are made of the same building blocks as proteins, they are excellent mimics of
biological metal-binding sites. Therefore, they are good models to study the interactions of metals with biological
molecules and to predict high affinity binding sitesin vivo. They are also attractive water-soluble ligands to design
non-toxic chelating agents for medical applications.

We combine synthetic chemistry with solid-phase peptide synthesis to obtain high purity compounds, which
metal-chelating properties are then investigated with a variety of analytical and spectroscopic methods.

We have mainly focused on two types of metal overloads and have developed peptide-based chelating agents with
coordination properties adapted to the relevant metal species in vivo. The first one is Wilson's disease, a mgjor
genetic disorder of copper metabolism in humans. In this rare disease, impairment of the copper transport in
hepatocytes, results in cytosolic Cu accumulation with associated cellular injury. Since the pool of excess
intracellular copper isin the +1 oxidation state, we have designed sulphur chelators that enter the hepatic cells and
are specific for the soft Cu(l) ion (Figure left). The second one is intoxication with uranium, which is used in
nuclear plants. The chemical properties of uranium are totally different from those of copper and therefore we
elaborated peptides with hard oxygen metal binding groups found in proteins (Figure right).

Cu(l)-chelating pseudopeptide Uranyl—chelatlng _
o cyclopeptide ., . ||z¢

° V/,‘N/\fo — Iu\ /Glu\Pro
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HZNOC\ NH HN\_\\CONHQ

" i / ~ /

Cu’

The affinity and selectivity of these peptides or pseudopeptides have been demonstrated and some of the
compounds are now being tested in vivo.
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The calixarene macrocycles are one of the most commonly studied host molecules in supramolecular chemistry.
The ease of modification of these compounds, directed towards tuning of the size of the macrocyclic ring or
introducing specific functional groups into the upper/lower rim to achieve desired interactions, makes them
incredibly appealing study objects. The ability to adopt different conformations adds to this diversity and has
actively been investigated in solution. However, up till now, solid-state studies have not received much attention.
The chemistry of homoheteracalixarenes is still relatively underdeveloped and our search for related hosts by
combining earlier knowledge on heteracalix[n]arenegy and homoheteracalix[n]arenesz, resulted in the
development of a new class of macrocycles called “homodiheteracalix[4]arenes’[s). These compounds, with
dithiaor diselena- bridges incorporated in the macrocycle, were obtained by applying dynamic covalent chemistry.
As a conseguence of the additional heteroatom in the bridge, these macrocycles possess higher conformational
flexibility in comparison to the related homoheteracalixarenes. Moreover, single-crystal X-ray diffraction studies
revedled that they undergo unprecedented, reversible single-crystal-to-single-crystal transformations, such as
switching between the 1,3-alternate and 1,2-alternate conformations (Figure) upon uptake/release of particular
solvents. This is clearly connected with changes in the distribution of intra/intermolecular interactions. The
phenomenon was also followed in the bulk, by 13C solid-state NMR and powder diffraction studies.

These results, together with a comparison with the related, more rigid analogue in terms of flexibility, will be
presented.
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Abstract

Purpose: The aetiology of Alzheimer's disease is linked to the aggregation of the amyloid-p (Ap) peptide, a
central event of the so-called amyloid cascade. The intervention of Cu and Zn ions in the amyloid cascade is
widely acknowledged. Cu can (i) form oligomeric aggregates considered as the most toxic species of the
aggregation process and (ii) be involved in Reactive Oxygen Species (ROS) production due to its redox ability
[1]. Because these two effects are deleterious, Cu is a target of choice for therapeutic approaches based on
chelation [2,3]. Our main aim is to study Zn interference in Cu removal by potential therapeutic agents.

Experimental description: Impact of Zn on the efficiency of a
salen-based chelator and PTA ligands to (i) remove Cu, (ii) to
redox silence it and (iii) to prevent Cu-induced Ap aggregation
will be studied by a set of complementary spectroscopic methods
such as EPR, UV-Vis, Fluorescence....

Results: Recent results on Cu(ll) [4] and Cu(l) [5] removal and @ " w‘? f
impact on ROS production and A aggregation will be described Wz

as well as the interplay of Zn in such processes [6]. Briefly, we 2

have shown that the salen-based chelator and the PTA ligands E 1.7 &
have a very high selectivity for Cu compared to Zn and are able to S T o

redox silence the Cu ions and to impact Cu-induced A aggregation in a favourable way (inhibition of the highly
toxic oligomeric forms of the peptide).

:”l&f@ @ é—\
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Conclusions: Similar approach will be extended to other ligands and perspectives include the use of bi-functional
ligands encompassing an A3 recognition moiety complexes.

Key Words: copper / peptides/ Alzheimer / therapeutic approaches/ bio-inorganic chemistry /
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Selenium has attracted a great interest as an essential element and certain diseases have been eradicated by dietary
supplementation of this element. Selenium is essential for cell metabolism as a component of glutathione
peroxidase and other enzyme systems. Selenophene—based derivatives exhibit potent in vitro and in vivo
antitumoral activity, which involves DNA damage. Selenohalogenation of phenylacetylene derivativesis the only
general method for the preparation of benzo[b]selenophenes in one step from commercialy available starting
materials without using dry solvents and inert atmosphere. Despite all these advantages and the fact that this
method is known for 30 years, the substrate scope is very limited and purification of reaction products in most
cases is complicated. Therefore we have elaborated a new approach for selenohalogenation, which allows
expanding the scope of substrates, and significantly simplify purification of desired products. [1] Moreover, for
the first time selenohal ogenation is applicable for the synthesis of selenopheno[3,2-b]- and -[2,3-b]thiophenes by
cyclization of akynylthiophenes. [2] Treatment of substituted ethynylpyridines, -thiazoles and -imidazoles with
SeHaly leads to the formation of selenazolopyridinium, -thiazolium, and -imidazolium according to the nature of
astarting material.

X
S Hal

R R—‘/\ R'
OO -
SR
HO Se Se Hal

Building blocks

for materials

Selenium analogues of Raloxifene Pro-oxidants Selenium analogues of Chlopidogrel

A series of anovel compounds have been obtained and characterized (NMR, X-ray). With the aim to develop new
drugs for treatment of cancers we have elaborated convenient synthetic pathway for preparation of selenium
analogues of Raloxifene as a key step using cyclization of diarylalkyne under selenobromination conditions.
Structure and cytotoxic activity relationship on various cancer cell lines including estrogen-positive and estrogen-
negative will be discussed. [3]

[1] E. Paegle, S. Belyakov, P. Arsenyan, Eur. J. Org. Chem., 2014, 3831-3840.
[2] P. Arsenyan, Tetrahedron Lett. 2014, 55, 2527-2529.
[3] P. Arsenyan, et a. Eur. J. Med. Chem. 2014, 87, 471-483.
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This abstract is submitted to give a 15 minute Oral presentation in the Educational Chemistry symposium.
Abstract

Chemistry, often called the Central Science and valued for its contribution for a better living, is a pre-requisite for
other science courses at universities. How does chemistry support the teaching and learning of other disciplines at
the undergraduate level?

An interdisciplinary approach to undergraduate education is the norm, rather than the exception, at The Evergreen
State College. This provides opportunities for chemists to teach regularly with other scientists (biologists,
geologists, mathematicians, physicists, ecologists, etc.) as well as non-scientists (artists, historians, philosophers,
social scientists, etc.). Finding ways to teach the chemistry curriculum while integrating its study to these other
disciplines often leads to interesting and enlightening educational opportunities not just for students but also for
the faculty.

I will focus my presentation on the on the pedagogical successes and challenges of teaching chemistry, to meet the
goals set by the American Chemical Society, in an interdisciplinary context. | will share some laboratory exercises
and workshops that | developed as a result of this interdisciplinary teaching pedagogy and describe how this
approach has enhanced my ability to teach chemistry topics more effectively.

Key Words: interdisciplinary, chemistry education, undergraduate, chemistry laboratory, teaching pedagogy
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Abstract

In spite of being an "old" polymer, polyaniline (PANI) has attracted a focused interest from various research
communities during the last decades. For instance, current major challenges in the fields of energy storage and
catalysis require the elaboration of conductive and functionalizable materials with structural tuning at the
nanoscale. PANI, which is conductive, inexpensive, robust and functionalizable, is a good candidate to address
current issues. Thistalk will focus on two ideas:

(i) How combination of PANI with (electro)click chemistry leads to structured surfaces whose function can be
changed. [1]

By combining electropolymerization methods with electroclick [2], this work aims to easily incorporate the wide
library of akyne-azide “click” chemistry compounds into surface coatings. Applications in fields including
energy-related devices are targeted. As a proof of concept, a Simultaneous Electropolymerization and Electro-
Click Functionalization process (SEEC) of azido-aniline and ethynylaniline has been performed. Three tuning
levers allow tuning the structure and the activity of the films, leading to promising perspectivesin fields including
fuel cells or supercapacitors.

(i) How nanostructured PANI-based materials provide original platforms to develop and combine creative
catalysts.

All-polyaniline nanostructured nanocapsules were recently reported.[3] Using them as platforms for selective
trapping of metallic ions and their subsequent reduction into NPs could alow the elaboration of efficient and
specific catalysts. This would be possible via 3 parameters. confinement, synergetic and anti-poisoning effects.
Perspectives of these materials regarding electrocatalysis will be briefly discussed.

380-540 nm
< > PANI core-shell nanostructures

- Inexpensive, conductive, porous
chemically and thermally stable polymer
matri ‘

- Versatile functionalizations possible|

Confinement effect
- Improved catalytic performancng
- Improved durability of catalysts

Synergetic effect
- Large number of trappable NPs
- Synergetic effect between NPs|

Figure 1.Schematic depiction of PANI-based nanostructured capsules containing metallic nanoparticles for
catalysis.
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The design and synthesis of novel potent and selective protein kinase inhibitors appears as a major concern due to
the essential biological role of kinasesin pathologies such as cancer and neurodegenerative diseases. Thus, we are
particularly interested in the identification of new heteroaromatic scaffolds showing potent inhibitory potencies
toward selected kinases, more particularly Pim and Dyrk kinase families. We previously reported the synthesis
and kinase inhibitory potencies of various series (Figure 1)."* Here, will be presented our latest findings about the
synthesis and biological activities of selected compounds.

RN \
R2 SN N
H

Pyrazol o[ 3,4-g]quinoxalines Pyrrolo[2,3-a] carbazole-3-carbal dehydes

Pyrrolo[2,3-g]indazoles Pyrazolo[3,4-c]carbazoles Pyrazolo[4,3-a]phenanthridines  Meridianine derivatives

Figure 1. Structure of various Protein-kinase inhibitor scaffolds reported by our group
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Abstract

Purpose: Attain a selective and sensitive optical detection of nitrogen oxides both in phase gas and in agueous
environments by combining organic synthesis and hybrid materials technology.

Results: Based on the transformation of silyl-ethers and oximes to aldehydes, promoted by nitrogen dioxide

N N
Oy e o \w
OH

A series of aromatic, especially BODIPY core, derivatives have been prepared and used for
the chromo- and fluoro-genic detection of small amounts of NO, in gas phase.

Based on these studies, hybrid materials (such as decorated silica nanoparticles) were
prepared, where the fluorophore retains their properties, allowing the preparation of easy to
use devices able to detect the presence of NO; in air and to withstand ambient open air conditions.

For the detection of NO a different approach was used, based on the reduction of copper(ll) to copper(l) promoted
by NO. In order to detect this reduction two approaches have been used.

One is based on the ability of copper (I) to catalyze “click” reactions; this in turn promote the aggregation of
appropriately substituted gold nanoparticles visible due to the concomitant change in color.

The other relays in the different complexation constant of Bipyridine ligand with copper(I1) and copper(l), when
the ligand is bonded to a fluorophore such aBODYPY core, a clear &
change in fluorescence emission is observed. This alows the [ﬁ
detection of NO production in the inner of cells by confoca o

microscopy. Even more, the system can be recovered by oxidation \ j , -

with oxygen. ISr \FJ> G .
e - T

Conclusions: A series of chromo and fluorogenic chemosensors FE o EaE

were prepared and tested in different environments. Absence of
interferences was tested with limits of detection well below those recommended in air by ASHRAE and US-EPA.
Detection in agueous media s suitable for studying NO generation in cells.

Key Words: BODIPY, Cells, Fluorescence, NO and NO, detection,- AUNPs.
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In the last decades, inorganic nanoparticles have been steadily gaining more attention from scientists from a wide
variety of fields such as material science, engineering, physics or chemistry. The very different properties
compared to that of the respective bulk, and thus intriguing characteristics of materials in the nanometre scale,
have driven nanoscience to be the centre of many basic and applied research topics. Moreover, a wide variety of
recently developed methodologies for their surface functionalization provide these materials with very specific
properties such as drug delivery and circulating cancer biomarkers detection. In this talk we describe the synthesis
and functionalization of magnetic and gold nanoparticles as therapeutic and diagnosis tools against cancer:

-Pseudo-spherical gold nanoparticles derivatized with with fluorescent dyes, cell penetrating peptides and small
interfering RNA (siRNA) complementary to the proto-oncogene myc have been tested using a hierarchical
approach including three biological systems of increasing complexity: in vitro cultured human cells, in vivo
invertebrate (freshwater polyp, Hydra) and in vivo vertebrate (mouse) model. Selection of the most active
functionalities was assisted step by step through functional testing adopting this hierarchical strategy.1 Merging
these chemical and biological approaches lead to a SRNA/RGD gold nanoparticle capable of targeting tumor cells
in lung cancer xenograft mouse model, resulting in successful and significant c-myc oncogene downregulation
followed by tumor growth inhibition and prolonged survival of the animals.2

-Gold nanoprisms (NPRs) have been functionalized with PEG, glucose, cell penetrating peptides, antibodies
and/or fluorescent dyes, aiming to enhance NPRs stability, cellular uptake and imaging capabilities,
respectively.3,4 Cellular uptake and impact was assayed by a multiparametric investigation on the impact of
surface modified NPRs on mice and human primary and transform cell lines. Under NIR illumination, these
nanoprobes can cause apoptosis. Moreover, these hanoparticles have also been used for optoacoustic imaging,5 as
well as for tumoral marker detection using a novel type of thermal ELISA nanobiosensor using a thermosensitive
support.6

-Magnetic nanoparticles functionalized with DNA molecules and further hybridizing with different length
fluorophore-modified DNA have alowed the accurate determination of temperature spatial mapping induced by
the application of an alternating magnetic field.7 Due to the design of these DNAs, different denaturalization
temperatures (melting temperature, Tm) could be achieved. The quantification of the denaturalized DNA, and by
interpolation onto a Boltzmann fitting model, it has been possible to calculate the local temperature increments at
different distances, corresponding to the length of each modified DNA, from the surface of the nanoparticles. The
local increments achieved were up to 15°C, and the rigidity conferred by the double strand DNA allowed to
evaluate the temperature at distances up to 5.6 nm from the nanoparticle surface.
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Abstract

Purpose: Multiple pulse spectroscopy enables us to reach and study carotenoid levels, which are forbidden by
single photon excitation.

Experimental description: The initial excitation (pump) pulse is tuned to the strongly alowed S0—S2
absorption transition. A second

pulse either dumps or repumps a optical Chopper (300H2) .
selected, alowed transition. A 7 parametric | o —
third, Spectral |y broad pUl se ----- DumZ/Repmnp amplfer Chopper (250 Hz) Delay lines
probes the sample’s absorption Probe optical ol N 1
spectrum. G temy parametric |G %
Response - Pulse Order
Results: To determine whether |s\—s ' q [ d
the intramolecular charge transfer |5, %= FE---- L j% """ = y '/L
(ICT) state of fucoxanthin is |s———""" 1 pome \4\\\3\
Coupled to the Sl State, the j‘ dump L» pu‘m:) probe (PP) pu;nn-d\.mo/venump
population of the ICT state was | s,=o— s L
prematurely reduced (at 2.5 ps) by ‘ LE »'Sb‘eci;';‘{.‘
tuning the dump pulse to the | ™PUssgeneratr 9S—|h=\?& g, = I
ool Sample CCbarra
state’s stimulated emission (940 nm). Observing the dynamic
0. trace at 609 nm, it is clear that at 2.5 ps, part of the population of
— Pump-Probe fucoxanthin’s ICT state was removed by matching the dump
5 — Pump-Dump-Probe pulse with the state’'s stimulated emission, and the system
= continues to decay. It was found that the S1 state may be dumped
£ 10/ independently from the ICT state.
e Conclusions: A second pulse after the excitation pulse, properly
51 2 tuned and timed, opens a new avenue for exploration and
é elucidation of molecular excited states. A simple dump pulse
0 - - - - - study of the carotenoid fucoxanthin revealed that the
Time (ps) 0 5 10 15 20 25 30 controversial coupling between its S1 and ICT states may be

weaker than anticipated. A repump pulse study gave information
about the dynamics of higher states. The method has also been tested for energy transfer studies among
chlorophylls and may find multiple uses including ET branching, equilibration time, and ground state relaxation
studies.

Key Words: pump-dump-probe, pump-repump-probe, transient absorption spectroscopy, carotenoids
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Abstract

Photopharmacology consists in the light activation of a medicinal compound in vivo in order to circumvent the
biological action of a drug in space and time. In cancer research photopharmacology is notably regarded as a
promising alternative to chemotherapy as side effects of most anticancer compounds limit treatment efficacy and
are experienced as a heavy burden by cancer patients. However, many photosensitive compounds are sensitive to
UV or blue light, which penetrates sub-optimally in biological tissues. We recently showed that red-to-blue
upconverting liposomes can be prepared by incorporating in the lipid bilayer a red light-absorbing photosensitizer
and a blue emitter. Upon irradiation of the liposomes at 630 nm, triplet-triplet annihilation upconversion occursin
the membrane to locally create blue photons capable of activating a ruthenium-based anticancer prodrug also
present in solution.[1][2] If the ruthenium prodrug is added in the same lipid bilayer as the two upconverting
dyes,[3] non-radiative energy transfer occurs from the blue emitter to the ruthenium complex, thus leading to
more efficient activation. Overall upconverting liposomes represent a new way of activating photosensitive
medicinal compounds within the photodynamic window.

Liposome * Photoactivation
Lipid Bilayer

630 nm

Figure 1. Triplet-triplet annihilation upconversion in alipid bilayer followed by FRET.
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Abstract

During the last decade significant interest has arisen in the research of Nano Particles (NPs) for biomedical
applications. The integration of nanotechnology into the field of medical science has opened new possibilities.
Working with nanomaterials has allowed a better understanding of molecular biology. As a consequence, there is
the potential of providing novel methods for the treatment of diseases which were previously difficult to target due
to size restrictions. The major applications of nanoparticlesin the biomedical field are related to drug delivery and
targeting or to the generation of novel diagnostic tools. Thanks to their structural and multivalency properties, NPs
may present high drug loading, increase drug stability and allow drug targeting to specific tissue, body district,
reducing side effects. In other words NPs could be “magic bullets” for the treatment of many pathologies. In this
context, the glycol-world enter under different aspects: 1) gain advantage of the multivalent presentation of NPs,
in order, for example, to mimick the natural multivalent presentation of glycosidic residues on biomolecules, or
for the multivalent presentation of glycodrugs™? 2) afford a plethora of potential targeting agent; 3) constitute
itself a multifunctional NP®. Herein we will present our recent achievements in the field of glycofunctionalised
NPs and their properties in interacting with biological barriers, and in the functionalization of glyco-based NPs
and their bone targeting propertiesin vivo.
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Abstract

Purpose: In the last decade, we have demonstrated the peculiar properties of cyclic dithioxamide/l, mixtures for
Noble-Metals (NMs) dissolution and their applicability in the sustainable NMs recovery from Hi-Tech waste. This
discovery is collecting increasing interest due to worldwide new strategies on waste management to face the
increasing demands on the planet’s limited resources. NMs represent relevant high-value components of Hi-Tech
waste and their recovery makes these scraps an intriguing source of valuable raw materials. Sustainable NMs
recovery from complex matrix as WEEE (Waste Electric and Electronic Equipments) or TWC (Three Way
Catalysts) is a very challenging topic. For this reason, an intense effort of research is required to combine
economic and environmental sustainability of the recovering methods. Here we report results of the leaching
properties towards elemental Pd of mixtures of diiodine and dialkyldithiomalonamide (DTM) ligands in common
organic solvents, in order to check their capability to work as suitable lixiviants for practical use. These reagents
maintain the oxidizing/complexing capability of cyclic dithioxamides/I, mixtures, furthermore are cheaper, easily
functionalized and their reactivity may be influenced by pH variation.

Experimental description: Scheme 1 summarize the experimental conditions for the reactions between metal Pd
and: @) a solution of polyiodide dithiolylium salt, DTLI,; b)

NRR\ NRR\
DTM solution followed by a slow addition of I, solution in a s , sl
controlled molar ratio. In both cases, Pd is quantitatively 2 2 (Og hPd — O E/Pd\,/ \J
dissolved and, as shown, different products are obtained NRR' NRR
depending on the reaction conditions. DTLIy (DTL),[Pdal]

+Pd+1, —— [Pd(S,N-DTM),]I, and/or [Pd(S,S-DTM)]

ligand oxidation with iodine. We employed DTLI, to exploit b 2

its combined oxidizing/complexing action towards NMs. s

Results: A dithiolylium (DTL) salt is obtained by DTM free NRRéES

NRR'

Surprisingly the reaction produced ion pairs where the DTL DTM
cation acted as counterion. Nevertheless the reactivity of i = (CH3),CO, EtOH, CHsCN, EtCO,
DTLI, towards Pd has proven to be higher than that of TBAI; ~ Scheme 1. R=Ph, R'=H; RR=morpholine. n=1-5.

and TPhPI; which produce corresponding (Cation),[Pd.ls] complexes. The strong ion pair interactions in
(DTL),[Pdalg], highlighted by CrystalExplorer maps, could be partially responsible for the support function
performed by the cation in the effectiveness of Pd oxidation. The reaction reported in Scheme 1b produces instead
the expected 1:2 complex where the DTM is directly coordinated to the metal.

Conclusions: DTM-based lixiviants have shown to be effective in Pd dissolution in very mild conditions.
Promising results on Pd recovery from the leaching solution were obtained by Zn cementation of (DTL),[Pdalg].
Electrochemical and computational studies are in progress to highlight the most suitable pH conditions to obtain
Pd reduction and ligand recovery from [Pd(DTM),]™ complexes.

Key Words: noble-metals, leaching, green chemistry, dithiomalonamide, iodine.
Correspondence: SS 554 Bivio per Sestu, 1-09042, Monserrato-Cagliari (Italy); serpe@unica.it.
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For many years, traditional cancer treatment included surgery, chemotherapy, radiation, or a combination thereof.
Beginning in 2001, many cancer patients receive targeted therapy — drugs that interfere with specific proteins
whose activity is crucia to the cancer cells. Unfortunately, a large share of these patients eventually become
insensitive to such targeted treatment because the tumour cells develop drug resistance. Understanding how such
resistance emerges is crucial in order to avoid or delay the onset of drug resistance. We have used a combination
of simulations, calculations and theory to understand how resistance emerges and what can be done to minimise
the risk. The simulations were based on chemical kinetics, whereas classical thermodynamics was used for a
theoretical understanding of resistance. The results show that the drug targets in fact have limited ability to
undergo mutations. On the other hand, the redundancy in biological networks make it difficult to overcome drug
resistance. Finally, it may be possible to account for drug resistance already during drug design.
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With the ever increasing levels of CO, in the atmosphere and its resulting effects on our climate, novel
environmentally friendly and carbon neutral energy sources must be developed. While photovoltaic cells generate
electricity from sunlight efficiently, this energy cannot easily be stored. Therefore, there is an urgent need for the
design and development of alternative systems capable of storing solar energy as solar fuels or as stock chemicals.
Promising options include the application of photocatalytic systems for the production of hydrogen from water
using sunlight. In this contribution a number of examples of intramolecular photocatalysts are described and their
capacity of generating hydrogen from water using visible light is discussed. Molecular design features, as well as
the importance of the reaction conditions are considered. The discussion will focus mainly on
ruthenium/palladium and ruthenium/platinum supramolecul ar assemblies as shown below

2+
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Abstract

Purpose: Due to the high molecular weight of our new multifunctional polymer-ruthenium cyclopentadienyl
complexes (RuUPMC), their mechanism of action and targets are different from their non-polymeric related
compounds (i.e. bearing the same cytotoxic fragment).

Experimental description: Studies by UV-Vis spectroscopy, drug speciation in blood, cytotoxicity, apoptosis,
autophagy, proliferation, in vitro drug internalization and release, and ultrastructure analysis of cells will be used
to establish structure-activity relations.

Results: Our research team recent studies revealed that these new RuPMCs can be highly internalized into cancer
cells, which is an important criteria to develop targeting therapies. This internalization process seems to be related
to the biomolecule present at the polymer chain-end and to the molecular weight. The results gathered so far show
that RUPMC cause changes on the mitochondria of cancer cells (ultrastructural analysis by TEM). Apoptosis
studies revealed that the levels of Hsp27, Hsp70, catalase and cytochrome C were altered, compared to the
untreated cells, indicating that the mechanism of cell death is probably caused by apoptosis through the
mitochondrial pathway and that compounds induce high levels of oxidative stress in cancer cells. A degradation
study suggested a pH-dependent degradation which is important considering drug delivery since the measured pH
of most solid tumors range from pH 5.7 to pH 7.2 while in normal blood remains well-buffered and constant at pH
7.4, providing the opportunity for site specific drug delivery, mainly within endosomal/lysosomal compartments,
where the pH approaches 4.5-6.0.

Conclusions: Multifunctional Polymer-Metal Complexes can potentially be seen as efficient drug-delivery
systems for cancer therapy

Key Words: ruthenium, cyclopentadienyl, target, biopolymers, cancer
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Abstract

From molecules to complex biological systems, Nature reveals to us as a complex and sophisticated machinery
governed by recognition and supramolecular organization. In this context, proteins carry out numerous functions
playing acrucial role in the growth, repair and metabolism of cells. Indeed, there is a fine balance between protein
folding that leads to proper biological function and misfolding which may result in cellular pathology. However,
the isolated proteins are not the responsible of a certain function, actually the spontaneous organization of proteins
arethereal life nano-machines.

Gliadin is highly immunogenic protein which is not completely digested by humans. After in vitro or in vivo
(murine  models) proteolytic degradation, a resistant peptide of 33 amino acids (33-mer),
L QL QPF(PQPQLPY)3PQPQPF, remains intact among other smaller peptides, reaching the gut epithelium. This
33-mer fragment is considered as one of the most important immunological modulator peptides responsible for
celiac disease, a complex immunological disorder with a prevalence of 1% among the healthy population.
Recently, a new pathology named gluten sensitivity has been described and its prevalence is even higher than
celiac disease, estimated as a 7% of the total population. Although the immunological response observed in the
chronic phase of celiac disease iswell characterized, the initiation of the inflammatory eventsis still obscure. (1)

Inspired by the importance of protein folding in the balance between health and disease and our knowledge of
self-organized systems, we embarked on a project to shed light on the early stages of these pathologies. Recently,
it has been demonstrated that the 33-mer is able to self- assemble above a certain concentration under
physiological conditions. (2,3) In order to understand the self-assembly behavior of 33-mer on the gut epithelium
surface, we employed silicon grids and wafers as a biomimetic surface and evaluated the self-organization of 33-
mer using electron microscopy (TEM, STEM) and helium ion microscopy (HIM).

Key Words: gliadin diseases, supramolecular chemistry, biomimetic systems
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Abstract (Times New Roman Bold, font size 10pt, full justification)
Write here your abstract in Times New Roman font size 10pt, full justification.

Recently developed organocatalytic stereoselective transformations will be presented, including cycloadditions,
reactions of nitroacrylates, synthesis of chiral o-and p-trifluoromethyl amines. Some of the same
transformations have been performed in catalytic reactors, in flow mode: recent developments will be presented,
highlighting also the possihility to perform organocatal ytic reactions in microreactors
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1,3-Dipolar Cycloaddition
PhMCHs P y
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Abstract

Purpose: The last decade, drastic improvements of transmission electron microscopes (TEM) have been made
which lead to outstanding spatial and energy resolutions records. Beyond such ideal case scenarios, working with
real materials which are electron beam sensitive and show complex nanostructures is trickier. In this talk, we will
show the inputs of aberration-corrected (scanning) TEM to the study of chalcogenide misfit nanotubes' (NT) and
various carbon nanostructures (amorphous carbons, nanodiamonds...). Particular attentions will be given to
highlight the nature of the chemical information that can be extracted at the local scale by electron energy-loss
spectroscopy (EELS).

Experimental description: High-resolution (S)TEM imaging and spatially-resolved EELS (SR-EELS) chemical
analyses have been performed using two different FEI Titan aberration-corrected TEM microscopes.

Results/Conclusions. Detailed structure and chemical composition of few layers thick chalcogenide misfit NTs
are elucidated by different TEM techniques including HR-STEM and SR-EELS.' In addition the wealth of
chemical information that can be extracted from carbon nanostructures (elemental quantification, sp? ratio, mass
density...) will be highlighted.?

Key Words: STEM, EELS, misfit chal cogenide nanotubes, amorphous carbons, nanodiamonds
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Figure 1: (a) low-mag and (b) HR-STEM micrographs of a ThS-CrS, NT. The inset shows the Th/Cr ratio
obtained from SR-EEL S elemental quantification performed on the area delimited by the red square.
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Abstract

Purpose: Leucettines is a family of synthetic 2-amino imidazoline-4-one derivatives of the marine sponge
alkaloid Leucettamine B. They are potent inhibitors of DYRKSs (dual-specificity, tyrosine phosphorylation
regulated kinases) and CLKs (cdc2-like kinases) and constitute promising pharmacological leads for treatment of
Alzheimer's disease (AD) and Down syndrome (J. Med. Chem. 2011, 54, 4172-4186). These kinases play
essential roles including the mRNA splicing, neuronal development, cell death, etc (the DY RK1A gene is located
on chromosome 21, and the extra copy is associated with early signs of AD in Down syndrome patients). In order
to investigate the scope of potential targets of Leucettine L41, a representative member of this chemical class, we
developed an affinity chromatography strategy based on agarose-immobilized leucettines to identify the targets of
L41 from cell lines and animal tissues.

Experimental description: A six steps synthesis of Leucettine L41 bearing an amino-polyethyleneglycol (PEG)
linker (with 3 or 4 PEG units linker) on the para-position of the 2-phenylamino moiety of L41 has been
successfully developed. Immobilization of amino-PEG-L41 on agarose beads involved CNBr-activated sepharose
4B with coupling buffer. Affinity chromatography of L4l-interacting proteins was realized with brain mice
extracts and extracts of other mice tissues (kidney, liver, lung, heart, stomach, colon, etc).

Results: Extracts of several mouse revealed a complex pattern of interacting proteins, some of which probably
resulting from non-specific, hydrophobic binding, while others representing bona fide Leucettine-interacting
proteins. DY RK1A was confirmed as interacting target by Western blotting in various mouse tissues.

Conclusions: The Leucettine affinity chromatography constitutes a powerful tool to purify and identify the targets
of this new promising therapeutic class of molecules derived from the marine sponge alkaloid L eucettamine B.
We have shown that the expression pattern of Leucettine L41 in mouse tissues varies considerably from one organ
to the other (J. Med. Chem. 2012, 55, 9312-9330 and Eur. J. Med. Chem. 2013, 62, 728-737).

Key Words: Leucetting, DYRKS, CLKSs, Kinase inhibitor, Alzheimer's disease, affinity chromatography.
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Abstract

Series of bioinspired spider silk functional fibers are designed and fabricated by various improved techniques such
as dip-coating, fluid-coating, tilt-angle coating, electrospun and self-assembly, to combine the Rayleigh instability
theory[1-4]. Thus the strong water capturing abilities take on these fibers, in addition to droplet transport in uni-
direction for a long range, and temperature or photo or roughness-responsive ability for controlling of droplet
behaviors in directions. Otherwise, some bioinspired water repellent surfaces with gradient structures[5-7], similar
to those of lotus leaf, butterfly wings and grass leaf, are fabricated successfully by integrative soft lithography and
nanotechnology. Thus, the directional shedding-off of droplet, anti-icing, ice-phobic and de-ice abilities are
presented excellently there.

Figure 1. Directional water collection on wetted spider silk [1] with cover story(left); the spider silk changed its
micro- and nanostructure to form the spindle-knots (random nanofibrils) and joints (aligned nanofibrils), thus
collecting effectively the condensed droplets on the spindle-knots in mist (middle); the mechanism is attributed to
the cooperation between surface energy gradient and difference in Laplace pressure, in addition to the different
three-phase contact line (TCL) (right).
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Abstract

The advent of advanced therapies in the pharmaceutical industry has moved the spotlight into virus-like particles
and viral vectors produced in cell culture, holding great promise in a myriad of clinical targets, including cancer
prophylaxis and treatment. Concerning the manufacturing processes of these complex biopharmaceuticals, there is
significant research focusing on the optimization of current cell culture systems and, more recently, on developing
scalable downstream processes to generate material for pre-clinical and clinical trials.

We review the current options for downstream processing (DSP) of these complex biopharmaceuticals and
underline current advances on knowledge-based toolboxes proposed for rational optimization of their processing
[1]. Rational tools developed to increase the yet scarce knowledge on the purification processes of complex
biologicals are discussed as aternative to empirical, “black box”-based strategies classically used for process
development. Innovative methodologies based on surface plasmon resonance, dynamic light scattering, scale-
down high-throughput screening, and mathematical modeling for supporting ion-exchange and size-exclusion
chromatography show great potential for a more efficient and cost-effective process design, robust optimization,
and equipment prototyping.

We present a real case study of successfully streamlining and improving the efficiency of the DSP train of
adenovirus serotype 5 (Ad5) vectors by switching to multicolumn quasi-continuous processing supported on
advanced model-based design tools. In particular, we describe a simple, yet efficient, two-column simulated
moving-bed (2CSMB) process for purifying Ad5 by size-exclusion chromatography (SEC) [2] and a genera
procedure for its robust design under parameter uncertainty [3].
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The study of columnar liquid crystals constitutes an active branch in liquid crystals research, aimed at obtaining
materials with unique electronic and optoelectronic properties.[1] Although the type and intensity of
intermolecular interactions responsible for molecular stacking determine the properties of the system, little is
known about the influence of self-assembly metallophilic interactions in discotic liquid crystals. In this context,
we have recently reported a family of liquid crystalline mono and dinuclear orthometallated palladium complexes
derived from triphenylene with an original mesophase structure, where there is an accumulation of Pd-containing
columnar zones supported by fully organic columns, although not associated through metal—metal interactions.[2]

On these grounds we decided to extend the study of triphenylene metal complexes, hoping that the use of metallic
fragments prone to generate metal-metal interactions, might afford mesophases supported by metallophilic
interactions and generate mesomorphic systems with interesting properties along the columnar stacking. In this
communication we report the key role of metallophilic interactions for achieving mesomorphic behavior in
benzoquinolinate  (bzg) platinum  complexes with  2-(6-(4-isocyanophenoxy)hexyloxy)-3,6,7,10,11-
pentakis(dodecyloxy)triphenylene (CN-CgH4-O-(CH,)e-TriPh], which display luminescent columnar mesophases
supported through Pt---Pt and z---7t interactions. Their structure consists of a central column formed by stacking
of benzoquinoline-platinum groups, surrounded by six columns formed by the stacking of the triphenylene groups
in hexagonal disposition.

« CN-CeHy-0-(CHp)e-TriPh

CN-CgH,-O-(CH,)g-TriPh

[@=NOgs, BF;, PFg]
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Abstract

Purpose: Foldamers, or conformationally ordered synthetic oligomers, play a starring role in basic and applied
research, with an exponentially increasing number of papers devoted to the study of their fundamental properties
as well as to their practical implementation. Within a program aimed to the basic research on the folding
properties of B-peptides and their mimics, we have aready determined the 12-helix propensity of
conformationally constrained B-peptides A, tethered on a pyrrolidinone ring (Figure 1).

We present here the synthesis and the preliminary structural studies on two new B-peptide mimics. Oligomers B (n
= 2, 3, 4 or 6) formally originate from a C-H — N isosteric substitution and are based on a chira and
conformationally constrained a-hydrazido acid, whose backbone atoms are tethered in an imidazolidinone ring. In
achiral oligomers C (n = 2, 3, 4 or 7) there is no conformational restriction (Figure 1).
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8-helix
12-helix 8-helix (this work)
(previous work) (this work)

R' = (S) or (R)-phenylethyl; R? = n-C;H5

Figure 1. Genera structures of compounds studied: (A) parent conformationally constrained B-peptides, (B)
conformationally constrained and (C) unconstrained a-hydrazido mimics of B-peptides.

Experimental description: Starting from the corresponding N-Boc protected a-hydrazido acid monomers (n = 1
in Figure 1), the synthesis of oligomers B was carried out by the usual solution-phase peptide synthesis, whereas
oligomers C were synthesized by means of aterminal derivatization-Sn2-lateral chain insertion sequence.

Results: NMR, CD and computational results on conformationally constrained o-hydrazido compounds B,
evidenced the presence of a stable secondary structure, very likely having the rare 8-helix folding. Even in the
case of the unconstrained and achiral oligomers C, preliminary results suggest the same structural preference.

Conclusions: All oligomers B and C appear to adopt the peculiar 8-helix secondary structure, which has an
dternate disposition of lateral chains on opposite faces, regardless of monomeric structure and number of
residues.
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Abstract

Purpose: The role of metal-based therapeutic agents for cancer therapy was triggered by the serendipitous
discovery by Rosenberg in the late 60’s of the anticancer properties of cisplatin. Cisplatin and analogues are the
only metal-based chemotherapeutics approved to date for clinical use worldwide. Despite their efficiency, the
severe side-effects shown and the development of resistance to treatment compromises their clinical value. In the
search for new chemotherapeutics ruthenium compounds are recognized as viable effective aternatives. We are
engaged in the development of Ru complexes that combine alarge spectrum of activity against human cancer cells
with stability and suitable solubility. In our approach, the use of a bi- or multidentate ligand overcomes the
problem of the known aqueous instability of monodentate ruthenium complexes, and we are mostly interested in
compounds for which activity is due to a synergistic effect of the central metal core and the coordinated ligand(s).

Experimental description: Ru complexes are synthesized using Schlenk methods. Several techniques are used in
the biological evaluation of the compounds: cell viability (MTT colorimetric assay); interaction with biomolecules
such as albumin, DNA (spectroscopy - UV-Visible, fluorescence); cell uptake (ICP-MS); mechanism of cell death
and effect on cell cycle (flow cytometry), cell morphology (TEM).

Results: Our Ru-based compounds have been developed with piano-stool structure [1] or octahedral geometry [2]
and some of them were identified with high chemotherapeutic potential. We have been working on the mode of
action of these compounds, investigating their efficiency against human tumor cells, the possibility of distribution
in the serum by albumin, addressing their cellular uptake, and screening cellular morphological alterations and
main mechanism of cell death.

Conclusions: Our complexes typically exhibit high cytotoxicity in vitro, are active against cisplatin resistant cell
lines, and the main mechanism of cell death is apoptosis. Our findings suggest that besides the nucleus, the major
targets for these ruthenium complexes are possibly localized at the cell membrane.

Key Words: anti-tumor agents, ruthenium complexes, cytotoxicity, DNA, cellular uptake.
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Purpose: Two-coordinate transition metal species are currently gaining considerable attention due to their
interesting structural and magnetic properties.”’ Neverthelessthey still remain comparatively rare, as these highly
unsaturated centres have been shown to form bridged oligomers or donor/acceptor complexes.!*¥ The use of the
bulky m-terphenyl ligand 2,6-Mes,C¢Hs (Mes = 2,4,6-MesCgH,) has alowed the stabilisation of (2,6-
Mes;CeH3).M (M = Mn (1), Fe (2), Co (3)), which represent rare examples of two-coordinate transition metal
aryls*® Previous work from our group has demonstrated the potential of these type of species to undergo
insertion reactions of small molecules such as CO into the M- C bond; for example the reaction between 3 and CO
results in the organic fluorenone 4 with concomitant formation of Co,(CO)g.™

Experimental description: The two-coordinate homoleptic complexes are synthesized via the reaction between
the transition metal halides MnBr,, FeCl,(THF),50r CoBr,(DME) (DME = 1,2-dimethoxyethane) and the lithium
complex [2,6-Mes,CgH3Li], in a mixture of toluene and THF at room temperature.

Results: Herein, we will showcase how these two-coordinate species can produce the activation of small
molecules, such as CO and ‘Gal’ generating highly unusual and complex products. Catalytic investigations into
some of these reactions are also taking place.

Conclusions: Low-coordinate species show an interesting potential for reactivity as they contain accessible
unpaired electrons and vacant sites. By altering the metal and the sterics and, to some extent, electronics of the
ligands a variety of reaction products can be obtained through small molecule reactivity investigations.

Key Words: organometallic chemistry, low-coordination transition metal complexes, m-terphenyl ligands
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Abstract

Purpose: The pH driven chemical reaction network of flavylium compounds exhibits a diverse and rich
photochemical variety especialy due to the appearance of photochromism. Transfer of this solution
photochromism to the solid state through immobilization of the systems in organized matrices is an undergoing
project with the aim of developing photochromic and luminescent materials. Since the chalcone/flavylium
photochromism is known to be enhanced in CTAB micelles, flavylium species were incorporated in CTAB
micelles and a sol-gel process followed for the formation of MCM-41 silica particles, avoiding the calcination step
in order to keep the micellar phase inside the pores.

Experimental description: The hybrid MCM-41-flavylium materials were prepared following literature
procedures and adding the respective flavylium salt in the CTAB solution. Textural properties were characterized
by Powder X-ray diffraction, thermogravimetry and nitrogen adsorption. UV-Vis reflectance and fluorescence
spectra, fluorescence quantum yields and lifetimes were determined for each of the synthesized pigments.

Results: Five pigments were synthesized employing five different flavylium salts, with dye contents of < 1%. The
materials show pH dependent reflectance spectra according to the known chemistry of flavylium cations, i.e.,
flavylium and chalcone are present at acidic and neutral pH values while at basic pH values deprotonated
chalcones are present. Photochromism was studied at slightly acidic pH values where strong colour contrasts were
observed. The chalcone — flavylium conversion takes less than 1 min under our irradiation condition while the
thermal dark recovery occurs in the hour time scale. Several photochromic cycles were run with a slight
degradation observed fir amino-substituted flavylium cations. The fluorescence quantum yields were measured at
acidic pH values where only the flavylium form is present and at basic pH values where only deprotonated trans-
chalcones are formed. The quantum yields of the flavylium-based materials vary between 10 — 40 % while those
of the chalcones range in 20 — 45%.

Conclusions: The prepared pigments show pH-dependent photochromism with good colour contrast and
reasonable cyclability and rather high luminescence quantum yields.

Key Words: photochromism, fluorescence, mesoporous silica, hybrid systems, chalcones, flavylium
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Abstract

Purpose: organic photovoltaics have been intensively investigated for their advantages as low cost, low weight
and their easy process on large flexible substrates. Much of the attention has been focused on the development of
electron donor (D) polymer associated with electron acceptor (A) phenyl-C61-butryric acid methyl ester
(PC61BM) or PC71BM. Recently, small molecules have confirmed to be as efficient as polymers with record
power conversion efficiencies (PCEs) of 9.60% when used as D-materials and paired with PC71BM or as A-
materials to replace PCBM reaching PCE of 4.1% with P3HT. Moreover they offer a better reproducibly, simpler
synthesis and purification than polymers. The development of innovative organic A-small molecules is a
challenge because fullerene derivatives are for the moment still largely used.

Experimental description: therefore, we designed and synthesized small molecules based on benzothiadiazole
and thiophene moieties, owing to their potential capabilities in withdrawing and donating electron respectively.
Particularly, we focused on developing coupling method, namely direct heteroarylation, requiring neither toxic
nor complicated to the generated intermediates and low loading of ligand-less palladium-catalyst. These
molecules are designed around a central acceptor fragment, and have different terminal solubilizing acceptor
moieties with linear and non-linear akyl chains. The basic idea of this work is to provide small molecules as
simple as possible obtained after as few synthetic steps as possible, from commercia intermediates. The number
of two steps seem to us to be the minimum reachable, leading to the fewest waste production and cost

Results: three synthetic protocols have been compared: a classical one involving Suzuki coupling and two
methods based on direct heteroarylation reactions. After detailing different synthesis routes to obtain these
molecules of interest, their properties will be quickly presented. According to DFT simulation, UV-Visible
spectroscopy and electrochemistry measurements, these new molecules have an energy gap of 2.1 eV, HOMO-
LUMO levels close to PCBM and a better absorption in UV-Visible region than that of PCBM. Moreover, DSC
and POM measurements show that the nature of the terminal alkyl chains may influence crystal or liquid-crystal
properties.

Conclusions: green synthesis methods are proving to be very promising as aternatives to conventional and
polluting methods for obtaining conjugated molecules that have interest in organic electronics.

Key Words: Benzothiadiazole, Thiophene, Electronic Organics, direct arylation
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Abstract

Porous metal-organic frameworks (MOFs) with tunable pore size, surface area and functionality are promising
materials for gas storage/separation, catalysis, molecular recognition and sensor. Particularly, the luminescent
sensing MOFs are of significant interest due to their distinct advantages of short response time and high
sensitivity. To achieve useful luminescent MOF sensors, an effective method is to use the ligand-based strategy,
arising from w-conjugated rigid organic ligands with Lewis base sites, in which the z-conjugated skeleton provides
luminescence and rigid backbone while Lewis base site provides the binding site. However, most of the reported
luminescent sensing MOFs are lanthanide MOFs. In this work we focus our attention on transition metal MOFs
for molecular sensing using mixed multicarboxylate and imidazol e-containing ligands.

Experimental description: Two new zinc(ll) coordination complexes [Znz(tib)2(BDC-Br)]2:2S04:17H20 (1) and
[Zna(tib)2(BDC-Br)3(H20)4S04] -7.5H20-2.5DMF (2) (DMF = N,N-dimethylformamide) were obtained by
reactions of the same metal salt and mixed organic ligands of 1,3,5-tris(1-imidazolyl)benzene (tib) and 2-bromo-
1,4-benzenedicarboxylic acid (H2BDC-Br) using different solvent systems of DMF/H20 and DMF/EtOH/H20,
respectively. The complexes were structurally characterized by single crystal and powder X-ray diffraction
analyses, IR spectroscopy, elemental and thermogravimetric analyses (TGA).

Results: Complex 1 is an unusual (3,4)-connected 3D net with Point symbol of {4-8-104}{4-8-10}, while 2 isa
complicated 1D chain (Figure 1), which is further connected to form 3D supramolecular architecture by hydrogen
bonding interactions. In particular, 1 and 2 exhibit selective adsorption of CO2 over N2 and show good selectivity
for detection of acetone via fluorescence quenching.

Conclusions: Two new zinc(l1) MOFs obtained from different solvents show selective adsorption of COz over N2
and good selectivity for the detection of acetone via fluorescence quenching.

Key Words: metal-organic frameworks (MOFs); selective sorption; fluorescence sensing
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Figure 1 Schematic drawing and structures of complexes 1 and 2.
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Abstract

Purpose: This works aims to develop intrinsically photosensitive ionic liquids based on cinnamic acid and
coumarin derivatives. The photochemical processes exhibited by these compounds are expected to lead to changes
in physical properties, such as viscosity or melting point.

Experimental description: The photosensitive ionic liquids were prepared from coumarin and cinnamic acid
derivatives, which are known for their photodimerization and/or photoi somerization reactions. The photochemical
properties of the prepared compounds were characterized and the effect of their reactions on physical properties
(melting point, viscosity) was evaluated.

Results: The prepared ionic liquids exhibited photochemical reactivity, both in solution and neat conditions.
Cinnamate derivatives underwent the anticipated trans-to-cis isomerization with significant photochemical
quantum yield. Coumarin derivatives did not undergo the expected photodimerization and a photodegradation
product was identified instead. These processes had a marked effect on the physical properties of the ionic liquids
(melting point and viscosity), which were attributed to changes in the supramolecular structure of these
compounds.!*?

Conclusions: The synthesized ionic liquids exhibited melting point or viscosity addressable with light stimuli. For
cinnamate derivatives, these transformations were fully reversible, which may expand the applicability of ionic
liquids as photorheological fluids. The inclusion of coumarin moieties in ionic media lead to alternative
photochemical pathways.

Keywords: lonic Liquids, Photochemistry, Photorheol ogy
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Abstract

Wrinkling is a natural phenomenon. Scientists have recently focused on artificial formation of wrinkle structures
because specia characteristics of wrinkles such as a scattering source, a high surface area, a unique pattern, and
creasing elasticity are finding use in high-tech applications. UV-crosslinkable liquid prepolymers are occasionally
used for fabricating wrinkled films due to the quite simple film fabrication process. However, wavelength of the
wrinkles formed from the prepolymers is several tens and hundreds of micrometers, which is too large to
effectively utilize the characteristics of wrinkle structures. Here, a UV-crosslinkable liquid prepolymer is
synthesized to spontaneously form wrinkle structures in the order of several micrometers. We introduce the
chemical criteria of the liquid prepolymers and photoinitiators for the spontaneous wrinkle formation of UV-cured
films. We identify a specific UV-curing system with the molecularly designed UV-crosslinkable liquid
prepolymer and photoinitiator to spontaneously form double layers with a very thin hard skin and a soft
contractible foundation upon UV irradiation. We find that the rate of photo-crosslinking reaction, R,, aso affects
the thickness of the skin and foundation layers at the early UV curing stage. This wrinkle structures can be simply
modulated by changing Rp.

The specific UV-curing system including our UV-crosslinkable liquid prepolymer for the wrinkle formation will
be discussed in detail.
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There is an increasing interest in the emerging field of "theranostic* whose aim is to improve the diagnosis and to
monitor the treatment of the disease. This can be achieved by combining a diagnostic and a therapeutic agent
within the same system.[1] We are currently developing systems which combine a PDT (Photodynamic Therapy)
sensitizer activated by a two-photon absorption process and a MRI (M agnetic Resonance Imaging) contrast agent.
Classical PDT treatments based on one-photon absorbing photosensitizers are performed outside the therapeutic
window (700-900 nm), are limited to superficial tissues and lead to photodamages.[2] To overcome these
limitations, it is possible to develop new photosensitizers capable of being excited in the therapeutic window by a
two-photon absorption process.

Systems consisting of a porphyrin linked to diketopyrrolopyrroles have already been synthesized and have shown
a good solubility in water, a quick penetration in cells and an effective phototoxicity under two-photon excitation
(figure 1).[3]
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Figure 2: Bifunctional system for two-photon PDT and MRI.
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Figure 1: Two-ffdtongit

The coupling between a two-photon photosensitizer
with a Gd(l11)-based complex leading to a bifunctional system will be presented (figure 2). We will show the
absorption/emission properties, the two-photon absorption spectra and the oxygen quantum yield. In complement
to these photophysical characterisations, the cellular behaviour of the bifunctional system and the one-photon and
two-photon PDT efficiencies will be presented.

The molecular relaxivities are significantly high and phantom images show that this bimodal system displays a
brighter image than commercially available contrast agents.
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Abstract

Purpose: Natural antimicrobia peptides (AMPs) are amphiphilic antibiotic molecules produced in all classes of
life that act by many mechanisms, although they behave mainly as pore formers by insertion into membrane
bilayers. However, they present too many limitations, such as cost, synthesizability in practica amounts,
proteolytic susceptibility, inefficacy in non-topical uses and development of resistance, to be considered as good
candidates in the search for new broad-spectrum antibiotics active against multiple-drug resistant (MDR) bacteria.

We present here the synthesis of amphiphilic a-hydrazido acid derivatives, which might represent new lead
compounds for the development of a new class of SMAMPs (synthetic mimics of natural antimicrobia peptides).

Experimental description: Through a short synthetic sequence exploiting only inexpensive and easily available
starting materials, we synthesized several compounds that, after removal of Boc protecting group, were submitted
to microbiological tests against different Gram-positive and Gram-negative clinical isolates. They were designed
to adopt an amphiphilic conformation by virtue of the segregation of charged (hydrophilic) and aliphatic
(lipophilic) moieties on two opposite faces (Figure 2).
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Figure 2. Starting materials and general structure of compounds synthesized.

Results: Preliminary '"H NMR experiments and computational analysis suggest the formation of a stable
intramolecular 8-membered C=0---H-N H-bonded ring, which promotes a clear separation between hydrophilic
and lipophilic faces (Figure 2). Noteworthy, first in vitro trials against S. aureus, E. coli, E. faecalis, E. faecium
and P. aeruginosa strains with only limited subsets of lateral chains evidenced moderate to good antimicrobial
activities.

Conclusions: We performed an easy and economic synthesis of new a-hydrazido acid SMAMPs with a promising
antibacterial activity, which might be useful candidates for the development of a new class of antibiotics.
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Abstract

Purpose: Being the most common cancer worldwide, and the deadliest one, lung cancer treatment is of major
importance nowadays. Having said that, there is a need of developing strategies that can effectively target lung
cancer and initiate a treatment [1].Here in, we describe a synthesis of magnetic nanoparticles coated with a gold
shell. These nanoparticles are functionalized and then micronized into polymeric powders in order to produce
respirable systems able to reach the deep lungs [2]. Once in the lung epithelia the polymeric microparticles, as
biodegradable and biocompatible, are expected to release the nanoformulations in a controlled and sustained
manner [3].

Experimental description: The micronization was achieved using sustainable methodologies that make use of
Supercritical Assisted Spray Drying (SASD). The co-atomization of the polymeric solution containing
nanoparticles with scCO, was able to produce micropowders with suitable features for pulmonary delivery.

Results: Aerodynamic characterizations, morphological, physical-chemical and pharmacokinetic profiles are aso
assessed. The preliminary results show that these nano-in-micro formulations could be potential systems to
address pulmonary administration of magnetic particles.

Figure 1 and 2. Morphologi G3 images from dry powder formulation

Conclusions: Magnetic dry powder formulations based on magnetic coated with gold nanoparticles were
successfully obtained. Morphological and aerodynamic properties show promising results, thus other studies are
now in progressin order to ensure its viability towards lung cancer treatment.

Key Words: gold nanoparticles, iron oxide, microparticles, scCO,, SASD
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Purpose: Carcinoma of the bladder continues to pose a significant challenge to physicians and patients who
attempt to balance the toxicity of over treating highly curable lower-risk disease while avoiding undertreating
lethal high-grade lesions. Bladder carcinoma diagnosis lacks in accuracy. Furthermore, recurrence of this cancer is
high, which makes the five-year survival ratio for this disease one of the worst of all carcinomas. In addition, up to
date there is no effective biomarkers that can allow for monitoring therapy for this disease™. Most abundant
proteins (MAPS) in plasma are a problem to deal with when searching for new or known biomarkers, as they mask
or interfere with the detection of proteins belonging to the low-abundance protein fraction * . This work aims to
establish a biomarker-based method to allow better diagnosis and monitoring of patients with bladder cancer. The
search of biomarkers can be useful in monitoring therapy for this type of cancer.

Experimental description/ Results: Protein content in the plasma samples from anonymous patients with
bladder carcinoma and healthy people was equalized with Ditiotreitol (DTT) method* and analyzed using 2D
gel electrophoresis’. Gel comparison and statistical analysis using Progenesis SameSpots indicated the gel spots
differentialy expressed for each patient. All the detected spots were excised digested and identified by MALDI-
MS.

Conclusion: This preliminary study demonstrated that equalization with DTT is a cheap method that it provides
good results. All the identified proteins were studied for their biochemical function. Some of these proteins are
associated with the transport of zinc and iron, inflammatory and immune response. Thisis a preliminary study and
more groups of patients are needed to validate the biomarkers found in this work.

Key Words: Bladder carcinoma, Protein equalization, MALDI-TOF-MS, 2D-SDS-PAGE.
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A wide range of Indolocarbazoles (ICZs) structures and derivatives pointed out very interesting biological
activities as anti-cancer drugs.*® Staurosporine (STS) was the first ICZ to be isolated in 1977, STS was found to be
a very potent broad spectrum protein kinase inhibitor' often used in research as a reference. Structure-activity
relationship studies on the sugar moiety of STS help identifying Midostaurin (PKC412, Novartis) which is a
multi-target protein kinase inhibitor being investigated for the treatment of acute myeloid leukemia (Clinical Tria
Phase 111) and myelodysplastic syndrome (Clinical Trial Phase I1). Our expertise in the synthesis of new
heteroaromatic scaffolds'**® led us to the design and synthesis of Staurosporine Aglycone (K 252c) analogues.
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The synthesis and biological activities of K252c analogues bearing new heterocyclic moiety will be presented
herein.
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Abstract

Purpose: Ascorbate anion (Asc), the physiological form of ascorbic acid, is a water-soluble reductant present in
the brain. Because of its ability to react with pro-oxidant molecules by giving an electron, it exhibits some
antioxidant and radical scavenger properties ). However, as a reductant, it can aso be involved in Reactive
Oxygen Species (ROS) production !4, in particular in the presence of redox-competent metal ions, such as copper.
Since the latter is an abundant metal ion present in the brain of Alzheimer’s patients and since it can easily bind
the amyloid beta peptide (A) ¥ - the Alzheimer's peptide -, ascorbate is directly involved in ROS production by
reducing the Cu"-Ap into Cu'-Ap complex, which is able to transfer one electron to O,, O, or H,O, to generate
respectively the superoxide anion, the hydrogen peroxide or the hydroxyl radical (see scheme). Thus, ascorbate
can either adopt the behavior of Dr Jekyll or Mr Hyde by scavenging or generating ROS. As ascorbate
concentration can vary strongly according to the localization in the brain, we have studied the ROS production
induced by Cu'-Ap under increasing ascorbate concentration.

Asc®  Asc Asc®  Asc Asc’  Asc

cu(ap) cu'(Ap)  cul(ap) Cu'(Ap)  Cu'(Ap) Cu(Ap)
0, \”)" HO* + HO"
+2H
Scheme: Metal-catalyzed production of Reactive Oxygen Species by Copper bound to the Amyloid Beta peptide
(Ap) with ascorbate (Asc) as reducing agent.

Experimental description: ROS production was measured by fluorescence spectroscopy of the 7-hydroxy-
coumarin-3-carboxylic acid, after ROS scavenging by coumarin-3-carboxylic acid . Experiments were carried
out with ascorbate concentrations ranging from the micromolar to several millimolar (estimated ascorbate
concentration in neuronsis around 10mM™).

Results: The ROS quantity detected in fluorescence changes with the ascorbate concentration: at low
concentration, ROS production is predominant, fluorescence increases, reaches a maximum as concentration is
increased and starts to decrease at higher concentrations as the antioxidant activity of ascorbate becomes
predominant. Thus ascorbate may participate as its own to the oxidative stress linked to Alzheimer’s Disease, by
acting on the imbalance between pro and antioxidant conditions.

Key Words: Ascorbate, ROS production, Fluorescence spectroscopy, Pro-oxidant, Antioxidant, Alzheimer’s
Disease.
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Abstract

Purpose: The work aims to answer to a demand of the pharmaceutical industry that is searching for aternative
drug formulations with increased solubility/bioavailability/therapeutic efficacy, given that a great number of
aready marketed compounds [1] or novel drug candidates are poorly water soluble. Since amorphous solids are
highly disordered, amorphization can potentiate solubility, however it carries a drawback: instability. As a strategy
to stabilize the amorphous form of a drug, the inclusion in a nanoporous silica matrix was tested. The guest’s
physical state and mobility were accessed, respectively, by differential scanning calorimetry (DSC) and dielectric
relaxation spectroscopy (DRS).

Experimental description: The drug was loaded (~40% as determined by thermogravimetry) under vacuum in a
3.3 nm pore diameter silica matrix. DSC thermograms were collected between -90 and +175°C for the neat drug
and composite under different thermal treatments. DRS spectra were collected for the guest/host composite
between -110 and +170°C. The drug release in phosphate buffer medium, pH 6.8, was monitored by HPLC.

Results: While for the neat drug, crystallization (~100°C) and the respective melting (near above 150°C) were
aways observed irrespective of the thermal treatment, for the loaded drug a glass transition was observed (around
0°C). The mobility associated with the dynamical glass transition was investigated by DRS, which allowed
extracting the characteristic relaxation times. The respective temperature dependence obeys to a VFT-law as
observed for cooperatively relaxing processes. Monitoring of drug dissolution revealed fast and complete drug
release.

Conclusions: The impregnation in a nanoporous matrix revealed to be a successful strategy to obtain drug
amorphization. The respective physical state was characterized by DSC through the detection of a glass transition
and the mobility associated with the glass-liquid transition was studied by DRS, revealing the features of a
cooperative relaxational process. DRS showed to be a suitable tool to access in-situ the dynamical behavior of the
drug confirming an enhanced mobility relatively to the crystalline neat drug which, owing to the complete release,
makes this an interesting composite for the pharmaceutical industry.

Key Words: pharmaceutical drug, glass transition, amorphous state, molecular mobility.
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Abstract

Purpose: Pharmaceutical compounds have been detected in rivers and other water bodies. Their presence may
occur due to runoff from anima farms and discharge of water from wastewater treatment plants where
pharmaceutical compounds are not removed completely. Furthermore, it has been proved that some plants can
uptake organic compounds. Hence, this work presents a methodology for the simultaneous determination of 14
pharmaceutical compounds (basic, neutral and acid) in aguatic plants (Typha angustifolia and Oryza sativa).

Experimental description: Ultrasound assisted-matrix solid phase dispersion (UA-MSPD) was performed
placing 1 g of plant in a glass mortar and mixed with 4 g of Florisil and 2 g of MgSO,. Samples for recovery
assays were spiked with a mixture of the target compounds at 200 and 50 ng g™ and left 60 min to reach
equilibrium before extraction. Then the mixture was blended with a glass pestle for 5 min and placed in a 20 mL
glass column over 2 paper filters at the end with 2g of MgSO,. 8 mL of ethyl acetate with 3 % NH,OH were
added to each column, as well as, 2 mL of the same extraction solvent used to wash the mortar and pestle.
Columns were sonicated for 15 min in an ultrasonic water bath at room temperature and then extracts were
collected in tubes and evaporated to dryness. The extraction was repeated twice with 5 mL acetonitrile containing
4 % formic acid to ensure the complete extraction of the acid target compounds. The extract was evaporated to 1
mL before the cleanup step. Plant extracts were cleaned through a 5 mL glass column containing 1 g of MgSO,
and 1 g of C18. The analytes were eluted with 5 mL of acetonitrile. Extracts were collected in tubes, evaporated to
dryness and reconstituted to 0.5 mL with acetonitrile prior to their derivatization and analysis by GC-MS.

Results: UA-MSPD showed good performance for most of the compounds with plant samples spiked at 50 and
200 ng g™. Good recoveries were achieved (higher than 70 %) for the majority of the compounds, but not for
metoprolol and amitriptyline in both plants and paracetamol in Typha angustifolia. Limits of detection and
quantification ranged from 0.3 to 2.1 ng g "*and from 0.8 to 6.3 ng g, respectively. Then, the method was applied
to aguatic plants taken from the river basis from two different regions in Spain (Valencia and Madrid), where
three compounds were detected. Naproxen was detected in the two regions at concentration up to 47 ng g. On the
other hand, paracetamol and carbamazepine were quantified only in Valenciaat 14 and 325 ng g, respectively.

Conclusions: A method for the determination of 14 pharmaceuticals in aquatic plants was developed.
Carbamazepine, ibuprofen and paracetamol, were detected. Further research needs to be done to know the
possible negative effects on the environment and if the compounds found in Oryza sativa could be translocated to
the grain.

Key Words: Aquatic Plants, UA-MSPD, GC-M S, Pharmaceutical compounds, Typha angustifolia, Oryza sativa.
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Abstract

Purpose: The enzymatic removal of acetyl groups at lysine residues in proteins by histone deacetylases plays an
important role in many biological processes. Recently, histone deacetylase 6 (HDACG6) has been identified as a
valuable target in drug development with potential applications in the treatment of cancer and neurodegenerative
disorders. Therefore the synthesis and evaluation of selective HDACG inhibitors has gained a lot of interest over
the last few years. In thiswork, two new classes of thiaheterocyclic HDACG6 inhibitors were synthesized and their
activity and selectivity were examined.

Experimental description: Firstly, eight N-(4-hydroxycarbamoylbenzyl)-1,2,4,9-tetrahydro- 3-thia-9-azafluorenes
were prepared as sulfur analogues of Tubastatin A, a well-known selective HDACG6 inhibitor. The 1,2,4,9-
tetrahydro-3-thia-9-azafluorene scaffold was synthesized via a bismuth nitrate-promoted Fisher indole synthesis.
N-Benzylation using methyl 4-(bromomethyl)benzoate resulted in the corresponding  N-(4-
methoxycarbonylbenzyl)-1,2,4,9-tetrahydro-3-thia-9-azafluorenes. Finally, the ester moiety was converted into a
hydroxamic acid by using hydroxylamine hydrochloride in the presence of methanolic sodium methoxide.
Secondly, a small library of 3-[(4-hydroxycarbamoylphenyl)aminomethyl]benzothiophenes was synthesized
starting from benzothiophene-3-carbaldehydes. Reductive amination of these carbaldehydes using 4-
aminobenzoates resulted in the corresponding methyl 4-aminobenzoate esters. In afinal step the ester moiety was
converted into a hydroxamic acid by using an excess of hydroxylamine and potassium hydroxide. All compounds
were tested for their in vitro activity against HDACG6 and the most potent ones were further tested in a cellular
environment (Neuro-2a cells) for their potency to modify the acetylation level of a-tubulin.

Results: Seven novel compounds (Fig.) showed an excellent selectivity profile with nanomolar HDAC6 1Cs-
values (<100 nM) resulting in strong selectivity and activity towards HDACG6 in a cellular environment.

HN
OH

R=H,Z=S (ICs HDACS6: 15 nM)
R=F,Z=S (ICs HDAC6: 22 nM) R'=H,R?=H (ICso HDAC6: 14 nM)
R =H, Z = SO, (IC5y HDAC6: 1.9 nM) R'=H,R2=Br (ICso HDACS: 37 nM)
R=F, Z=S0, (ICso HDAC6: 3.7 nM) R'=Br,R2=H (ICso HDACB: 64 nM)

Conclusions: Two novel classes of thiaheterocyclic compounds were synthesized leading to the discovery of new
and potent selective HDACG inhibitors.

Key Words: HDACS inhibitors, thiaheterocycles, hydroxamic acids, a-tubulin acetylation
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Abstract

Purpose: there is a great effort in the desing of more sensitive and selective methods for detecting anions with
environmental and biological importance. Because of its moderate toxicity and not rare presence in water, food
and dental products, fluoride anion (F) fits well in this class of analytes with potential risk. Due to the high
affinity of fluoride by silicon, the spontaneous cleavage of O-Si or C-Si assisted by an Sy2 attach of F through the
silicon atom has been applied on selective reaction-based detection of fluoride. In the present work we present the
use of the coumarin-440 (an amino-coumarin) functionalized with an amino-acid residue (Boc-Ser(TBDMS)-OH)
for F detection.

Experimental description: The photophysical properties of the coumarin derivative, and the selectivity for
fluoride detection among a range of anions was explored in acetonitrile solution (10°M). The sensing mechanism
was proposed and supported by *H-NMR and MALDI-MS experiments. UV-vis absorption, steady state, and time
resolved emission spectroscopic were employed. The system could be adapted to paper discs under a UV lamp
(365 nm) for fluoride naked eye detection.

Results: a reaction triggered by the nucleophilic attack of the fluoride anion to the silicon atom of the tert-
buthyldimethylsilane (TBDMS) group is the responsible for the disruption of O-Si bond, which generates an
emissive specie, as shown in Figure 1.

\|/ From the disruption of the O-Si
Si: = .
f\ij\ ” N — Fog IL m o £ A bond mediated by F-, the system
» - . s . _
070" H/KK\O B e, = 077 ¥ N k{‘OH could regenerate fluorescence
NHBoc e M NHBoc
3
2 = emission by inhibiting non-
Weakly fluorescent Strongly fluorescent

Figure 1. Reaction mechanism between 2 and F-, accompained by the "switch on” of fluorescence. Tadiative decay pathways, as
“Photo-Induced Electron

Conclusions: A new bio-inspired coumarin derivative probe for F detection

was successfully synthetized, characterized and its photophysical properties

were evaluated. The compound was highly selective to F detection among a wide range of anions, and presented
low limits of detection and quantification.

Key Words: coumarin, chemosensors, fluorescent probes, fluoride.
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Abstract

In rheumatic inflammatory diseases, such as rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE),
where the current available biomarkers fail on an early diagnosis, in sensitivity and specificity wise, the discovery
of novel biomarkers is mandatory to enable the detection of earlier clinical stages, monitor activity and predict
severity of the diseases and treatment response across the targeted therapy™”. Proteomics has emerged as a
powerful technique to identify novel biomarkers, since certain diseases can be traced from alterations of certain
proteins in biological fluids, like plasma. However, the traditional methodology for protein identification through
trypsination is tedious and time-consuming. The use of ultrasound energy has proven to speed up sample digestion
and other steps of the sample treatment for protein identification. But still, the handling of a large amount of
samples remains a disadvantage of this technique®**°. Herein, we propose the use of a new ultrasonic technology,
the Microplate Horn Assembly, to study new biomarkers in plasma samples of RA and SLE patients. With this
methodology, the complexity of profiling a disease is minimized by reducing the handling time and increasing the
number of samples treated at once, therefore improving the discovery of novel biomarkers.

Keywords. Proteomics, protein identification, ultrasound energy, protein biomarker discovery, rheumatic
inflammatory diseases.
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Abstract

Purpose: To investigate the influence of coordination environment on the biological activity, catecholase activity
and phosphoesterase efficiency of Zinc complexes of Mannich-base ligands with theoretical modeling.

Experimental description: Ligand syntheses: p-cresol/4-isopropylphenol, bis(2-methoxyethyl)amine, formalin
and appropriate reaction conditions yielding HLYHL® (abnormal Mannich) and HL%HL* (normal Mannich);
Complex syntheses: anhydrous ZnX, (X = CI, Br, I). Substrate for phosphatase activity: (4-
Nitrophenyl)phosphate (4-NPP); Substrate for catecholase activity: 3,5-di-tert-butylcatechol (3,5-DTBC);
Biological evauation: Jurkat cell line; Computational analyses: Gaussian 09 program suite and thermodynamic
datawere obtained at 298.15 K using the equation AGgyr= AH — T ( ASyec+ ASiip + FASans + 'ASot).

Results: An unprecedented Mannich reaction has been identified which can henceforth be applicable to generate a
mononucleating and dinucleating ligand simultaneously on a similar organic backbone. The metallation strategy
also depicted an interesting phenomenon where the nuclearity feature was prominently reversed. The six zinc
complexes have been found to be efficient phosphatase and catecholase catalysts by spectrophotometric
investigations, potent antiproliferative agents against Jurkat cell line and excellent metallonucleases for DNA
cleavage. The halide reactivity follows their electronegativity order. Interestingly, the experimental nuclearity
effect is inverse for biological evaluation and catecholase property (90% DMF, pH 8.5) as compared to
phosphatase activity (97.5% DMF) at 298 K. The generation of phenoxy! radicals, confirmed by UV-vis and EPR
spectral studies, is supposed to be responsible for the oxidation of 3,5-DTBC. Phosphatase experiments on the
isopropy! analogues lead to slightly higher ke, values as per Michaelis-Menten analyses. Theoretical calculations
involving three mgjor active catalyst forms, such as the dimer-cis form (D-Cis), the dimer trans form (D-Trans),
and the monoform (M-1 and M-2), systematically interpret the reaction mechanism wherein the dimer-cis form
with the binuclear-bridged hydroxide ion acting as the nucleophile and one water molecule playing a role in
stabilizing the leaving group competes as the most favored pathway.

Conclusions: DFT calculations prove that out of five reaction models proposed and optimized, model 5, wherein
the bridged OH acts as a nucleophile and two Zn—O coordination linkages are present between the bimetallic
center along with two respective terminal phosphoryl O atoms in the transition state, is proven to be the most
favorable. Finally, these results illuminate promising perspectives in the design of new and efficient zinc-based
small molecules, which portray in vitro bioactivity and is an important milestone in biomimetic catalytic
promiscuity.
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P1 - Tools to target toxic oligomeric forms of amyloid-B peptide in

Alzheimer's disease
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Abstract

Purpose: Alzheimer's disease is characterized by specific pathological lesions called amyloid plagues principally
constituted by amyloid-p (Ab) peptides in aggregated state [1].

It has been recently proposed that oligomeric forms, intermediates species of the aggregation process are more
toxic than late plagues through different processes such as effects on the neurona membrane integrity and
production of reactive oxygen species[2]. Hence we aim at designing selective markers of (Ab) oligomers.

Experimental description: This work is split into two parts: i) the synthesis of BTA-1 (Fig. 1a) derivatives,
where BTA-1, is a fluorescent probe displaying high affinity for amyloid-B (Kd = 4 nM) [3]. BTA-1 is
functionalized with a diazirine moiety (Fig. 1b) allowing to form a covaent bond with atoms in its vicinity
through the formation of a highly reaction carbene under irradiation [4-6]. ii) covalent linkage between peptide
and BTA-1-diazirin will be formed under an irradiation at 350 nm and will be studied in fluorescence
spectroscopy and mass spectrometry to understand the chemical environment of BTA-1 once inserted into Ab
_aggregates of various size. After validation of this proof of concept study, the BTA-1 scaffold will be varied to
increase its selectivity for oligomeric forms.

a) py 9
S /
S / N
@@NH F3CY©)LI/\©N/>—< >—NH
N
N=N

Fig. 1 : a) BTA-1 and b) BTA-1 fuctionalized with diazirine moiety

Results: Synthesis of BTA-1 and its diazirine counterparts will be described as well as the first studies of
interaction with Ab _aggregates.

Key Words: Alzheimer's disease, photo-affinity coupling, amyoid-, oligomers, targeting, fluorescent probe.
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Abstract

Purpose: understanding and controlling electron transport properties of molecular junctions is of crucia
importance for realization of molecular electronics devices with functionality defined by molecular properties. We
study the effects of embedded dipoles on tunneling transport in self-assembled monolayers (SAMs) sandwiched
between two metal electrodes.

Experimental description: we investigated the influence of imbedded dipoles .
in AU/SAM//Ga,0./EGaln junctions (where “/” denotes covalent and “//” van Eutectic Ga-In
der Waals bonds, depicted on the schematic on the right) by sweeping them
through £1V and acquiring J/V traces. We designed three molecules, which are
similar in length and form well defined SAMs, but differ by the dipole moment
(depicted with an arrow). The dipole moments are embedded in the SAM (both
interfaces are kept intact throughout the series), isolating the influence of
dipoles from interfacial effects.

Results: as a result of the collective effect of individual dipoles, SAMs of
these molecules shift the vacuum level within the junction, which we measure
as a shift in work function (4®). We then correlate 4@ to transition voltage
(V7), extracted from replotting J/V data in Fowler-Nordheim coordinates, thus
proving that transport is dominated by molecules and, for the first time,
relating V to a molecular property. We also calculate the energy levels of the
highest occupied density of states in these SAMs and correlate them to Vr,
showing that Vr is able to “feel” energy level arrangement inside these
junctions.

Conclusions: transition voltage can be manipulated synthetically in a

predictable manner and the changes to Vr can be ascribed to an intrinsic ’

property of the molecules inside the tunneling junction. The inclusion of embedded dipoles (or specifically
pyrimidines) instills a“molecular fingerprint” to tunneling transport that is separate from the magnitude of the J.

Key Words: Molecular Electronics, EGaln, SAMs, transition voltage, dipoles.
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Abstract

Purpose: Many plant diseases caused by bacteria and fungi are responsible for considerable economic losses.
Their control 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. Therefore, there is a great need to find alternatives to
these treatments.

The main objective of our group is the development of peptides as an alternative to the use of antibiotics.
Antimicrobia peptides have been shown to be promising candidates for plant disease control. Moreover, severa
peptides have been described to stimulate innate plant immune responses. These sequences promote molecular
mechanisms in plants that lead to an akalinization of the medium, the production of reactive oxygen species
(ROS) or the overexpression of specific genes.

In this work, we have prepared a set of peptides potentially useful to combat plant diseases. Their antimicrobial
activity, hemolysis and ability to induce plant defenses have been eval uated.

Experimental description: Peptides have been synthesized on solid-phase following an Fmoc/tBu or an
Fmoc/iBu/allyl strategy depending on whether they are linear or cyclic. The peptides have been tested for their in
vitro antimicrobial activity against the plant pathogenic bacteria Erwinia amylovora, Pseudomonas syringae and
Xanthomonas vesicatoria. The alkalinization of the medium and the peroxide production have been determined in
Nicotiana tabacum BY-2 cells, whereas gene overexpression has been determined in tomato plants.

Results: Most of the synthesized peptides have displayed antimicrobial activity against at least one pathogen. On
the other hand, some of them have led to a slight pH increase of the medium or to peroxide production. Notably,
one of these sequences has induced the overexpression of genesinvolved in plant defense stimulation.

Conclusions: This study establishes the bases of a suitable and efficient platform to evaluate the ability of
peptides to trigger plant defenses.

Key Words: Phytopathogens, peptides, plant defenses
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Abstract

Magnetic nanoparticles (MNPs), a new kind of nanometer-sized material, are widely used in the fields of
biotechnology and biomedicine. These particles are superparamagnetic, which means that they are attracted to a
magnetic field, but retain no residual magnetism after the field is removed. In recent years, MNPs have been
studied because of their potential applications as magnetic carries for various biomedical uses such as cell and
DNA separation, drug delivery system, magnetic resonance imaging, bio separation, and preconcentration of
various anions and cations."® Magnetite, Fe;0, is the magnetic material most used in biomedical application due to
its several interesting properties such as great chemical stability, low toxicity, high saturation magnetization to
allow its manipulation with an external field, ability to bond with different molecules to surface functionalized,
biocompatibility and the heating ability in presence of a field, which made it an candidate for hyperthermia
treatment.” The quality of the MNPs is extremely sensitive to synthesis conditions, such as reaction time,
temperature, reagent concentration, quality of solvent, etc. In order to optimize the synthesis to obtain a high yield
with the smallest size of these nanoparticles, a factorial design 24 (16 experiments) was developed. Two level
factorial designs have many advantages, for example they are more efficient than studying one factor at atime. A
factorial design allows the effect of several factors and even interactions between them to be determined with the
same number of trials as are necessary to determine any one of the effects by itself with the same degree of
accuracy. The selected factors and their corresponding ranges were determined after preliminary experiments.
These factors were the reaction time, volume and concentration of NH3. The lower and upper values given to each
factor are shown in Table 1.

Table 1. Factor levelsin the screening

Variable Lower Upper
Reaction time (min) 15 60
NH; volume (mL) 10 40
NH3 concentration (%) 10 30

In order to quantify the synthesis yields a new method by Fourier transform infrared spectrometry (FTIR) has
been developed for the direct determination of Fe-O by absorbance measurementsin KBr pellets. The procedure is
based on the use of the ratio between the absorbance of the characteristic band of iron oxide and three
characteristics bands of a nitrate internal standard added to samples.

Simple linear regression (SLR) and multiple linear regression (MLR) were proved with each of the three area
ratios chosen between the analyte and the internal standard, obtaining the best results with the ML R method.

For validation purposes the different yields of the synthesis were analysed by the proposed IR method and HR CS
ETAAS using solid samples auto sampler. The results obtained were satisfactorily compared. At the same time,
the size of the MNPs obtained was determined by Scanning Electron Microscopy (SEM).

Keywords: MNPs, coprecipitation synthesis, experiments design
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Abstract

Purpose: A fundamental part of molecular electronics is understanding electrical transport processes within
molecules at the nanoscale. Placing photoactive protein complexes between metal electrodes not only gives
insight into their electrical properties but also into their internal processes and previously unknown mechanismsu.
Photosynthetic complexes provide important information for both potential applications and fundamental research
guestions.

Experimental description: Based on the idea that reaction centers of PSI (RC) can be self-assembled and
oriented on modified gold substratesz3, our efforts were concentrated on the immobilization and orientation of
entire PSI complexes with different director SAMs (Self-Assembled Monolayers). We measured the oriented
SAMs of PSI complexes using eutectic Ga-1n (EGaln) and conducting probe atomic force microscopy (CP-AFM).

Results: We observed distinct behaviors which manifested as an asymmetry in tunneling charge-transport.

By varying the temperatures at which the measurements were performed we observed that no thermally-activated
processes were present in the transfer of electrons and therefore we determined that the mechanism of transport is
tunnelingz.

Conclusions: We have concluded that when the complexes are under applied bias, the electron transport chain
(ETC) is not involved in the transport of charge through the complexes as in nature. We believe instead that the
behaviors and rectification observed are due to the presence of a net dipole moment present in intact PSI
complexes. By incorporating top-down and bottom up approaches we were able to successfully determine the
mechanism in tunneling junctions comprising PSI. We are confident
this technique can extend to other biological complexes whose
mechanism remains unstudied.

Key Words: Tunneling Junctions, Photosystem |, bio-electronic
devices, molecular electronics.
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Abstract

Benzimidazoles are considered to be one of the the most interesting drug-based structures in medicinal chemistry
due to their high potential to be found in lead compounds.” Moreover, the presence of both fluorine and
piperazine as appendages in Ciprofloxacin® drug ,a powerful antibiotic shows a broad spectrum of biological
activities, is essential requirement to obtain the optimum antimicrobial activity.? We previously reported the
synthesis[gf several heterocycles incorporating fluorine and piperazine which demonstrate promising biological
activities.

As part of our ongoing research in synthesizing heterocyclic compounds aiming to new lead compounds in
medicinal chemistry, we report herein the synthesis of a novel series of benzimidazole-2-carbamates of potential
antimicrobial activity.

The synthetic strategy includes a multi-step synthesis including protection, nitration, deprotection,
piperazinylation, and reduction followed by cyclization starting from the commercialy available 3-chloro-4-
fluoroaniline 1. The benzimidazole-2-carbamates 2 were achieved by the treatment of the substituted o-
phenylenediamine with corresponding thiopseudourea.

Y

Scheme 1
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Abstract

Purpose: To acquire silver-catalyzed cascade reaction that enables construction of azopyrazoles by formation of
pyrazoles and N-H insertion of hydrazines to the diazodicarbonyl.

pyrazole formation
H,oN /G o R
R o'/z_‘m 2
=N
NH;\‘ OR' AgOTf R\ NN
NH + N2 + yr— ol N N

Z N-H insertion and oxidation === bond formation

Experimental description: To a solution of a-diazo B-ketoester (0.5 mmol) and arylhydrazine or arylhydrazine
hydrochloride (1.2 mmol) in acetonitrile (5.0 mL) was added AgOTf (26 mg, 20 mol%) and heated at 70 oC under
nitrogen atmosphere until completion of reaction as indicated by TLC. The volatiles were removed under reduced
pressure and the residue was purified by silica gel column chromatography (hexane: ethyl acetate = 30:1) to give
desired products as solid.

Results: Silver(l)triflate-catalyzed formation of diazopyrazole was possible from diazodicarbonyl and
arylhydrazine which on N-H insertion of another molecular hydrazine and oxidation led to the formation of
azopyrazoles in moderate to high yields. The method was compatible with wide functional group tolerance in both
diazodicarbonyls and hydrazines.

Conclusions: Multifunctionalized azopyrazole derivatives were synthesized in one-pot procedure by a silver(l)-
catalyzed reaction of a-diazo-B-ketoesters with aryl hydrazines or aryl hydrazine hydrochlorides. This protocol
includes cascade diazopyrazolone formation, N-H insertion, and oxidation. In addition, Ag(l)-catalyzed reactions
of 4-diazopyrazol-3-one with aryl hydrazine hydrochlorides for the synthesis of various other azopyrazoles
bearing two different aromatic rings are described. This cascade reaction alows the synthesis of highly
functionalized azopyrazole derivatives, which may find a range of applications in the synthesis of natural
products, pharmaceuticals or coloring industry.

Key Words: Diazodicarbonyl, arylhydrazine, silver(l)triflate, pyrazole, N-H insertion
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P8 - Novel chelating agents for bacterial growth inhibition
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Abstract

Purpose: Synthesis and assessment of chelating ligands that may serve as an aternative to EDTA in an
antibacterial capacityi-s.

Experimental description: Using chemistry developed in the pursuit of new chelating agents:s we have prepared
and determined the bacterial growth inhibition properties of an array of simple ligands via optical-density based
methods. Preliminary studies of ligandinduced cellular metal depletion have also been made using ICP-MS as a
prelude to assessing which metal regulatory systems our compounds affect.

Results: We have seen superior inhibitory performance of some EDTA di-amide ligands against E. Coli, when the
amide substituent is a strongly coordinating group. A trend in the pKa of phenolate ligands has also been
illustrated.
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Conclusions: We have demonstrated that phenolate ligands exhibit a different dose response compared to more
“typical” aminocarboxylate ligands. It has also been shown that in the case of EDTA-diamide ligands, bacterial
inhibition performance is highly variable. This information may serve as a platform from which “tunable”
antibacterial agents may be constructed.

Key Words: Metals, Chelation, Antibacterial, Phenolate, EDTA-diamide
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Abstract

Purpose: During production of active pharmaceutical ingredients (APIs), reactive intermediates, catalysts, acids
or bases, organic solvents, etc, are typically used. Some of them are recognized as being genotoxic and can
potentially end up at trace levels in final drugs posing in risk the human health. Stricter regulation for
pharmaceutical impurities has been issued by the FDA and the European Medicines Agency (EMEA). Therefore
the pharmaceutical industry strives to find out new strategies for more efficient and sustainable purification
processes. Membranes, chromatography or activated carbon powders are commonly used in purification, but
unfortunately some of these strategies are very expensive and involve large quantities of organic solvents and do
not present high specificity towards the impurities. More specific and cheap processes such as affinity structures
could address this problem. Molecularly imprinted polymers (MIPs) are well-known robust high affinity
materials, which present molecular recognition sites to specific template molecules, thus have high potential as
dternative adsorption materials for purification processes. In particular, the development of MIPs using
supercritical carbon dioxide (scCOz2) technology combines the high specificity of molecular imprinting with the
advantages of processing polymers using this alternative solvent. In this work MIP core-shell beads have been
developed in order to obtain efficient, faster and cheaper devices for purification processes.

Experimental description: Molecularly imprinted core-shell beads were produced using scCO:z technology.
Firstly, core-shell beads were functionalized using a coupling agent in scCOz. Further, a molecularly imprinted
layer was synthesized at the surface of the core-shell particles, with high affinity for a pharmaceutical impurity
(PI1). This step was also performed in scCO2 comprising a polymerization step in the presence of the functionalized
beads, monomer and cross-linker. The developed MIP core-shell beads were packed on a blank column and the
binding performance of this device was evaluated towards the Pl model, analogue molecules and API solutions.

Results: This methodology proved to be a green and straightforward procedure to obtain MIP core-shell beads,
which were obtained as ready-to-use dry powders. The molecular imprinted core-shell beads presented higher
affinity to the PI compared to the non-imprinted core-shell beads, as well as higher selectivity towards the Pl
compared to analogue molecules, showing their high potential use in gravity-driven API purification processes.

Conclusions: Molecularly imprinted core-shell beads were successfully produced using supercritical fluid
technology. This work describes a green and sustainable strategy to functionalize and produce an affinity layer at
the surface of the beads, enabling the selective removal of APl impurities from pharmaceutical mixtures.

Key Words: green technology, affinity, separation and purification processes
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Hypothesis for the treatment of Human Liver Cancer
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Abstract

Purpose: To study the stereo-electronic effect of the para-substituent of phenol-based compartmental Mannich-
base ligands on phosphatase activity and anti-cancer property against human liver cancer.

Experimental description: Five dinuclear isostructural Nickel (11) complexes, [Ni L*(u-NO3z)(NO3),], where L
°= double-side Mannich base ligands; Substrate for phosphatase activity: (4-Nitrophenyl)phosphate (4-NPP);
Biological evaluation: HepG2 cell line; Gaussian 09 program package; B3LY P*/6-31G(d) (LANL2DZ with Los
Alamos ECPs* for Ni) functional-basis-set combination.

Results: Detailed experimental investigation reveals remarkably high catalytic efficiency of our dinickel(Il)
complexes where the compound having tert-butyl as para substituent as the highest reactive species reported till
date (k=81 s). S\2 type associative concerted reaction mechanisms (AnDy) were located in the hydrolysis of 4-
NPP catalyzed by each [Ni,L"(OH")]* complexes with the metal-bound hydroxide acting as the nucleophile. NBO
calculation establishes that the electron-donating group decreases the reaction energy barrier via reducing the
energy gap between the orbital of electron-sufficient para-substituted phenolate group and the electron-
demanding leaving group. Human hepatocellular carcinoma cells (HepG2 cell line) were treated with the
complexes and carboplatin in a dose dependent manner which showed significant anti-proliferation in the order 3
>5 >4 > 1> 2 > Carboplatin. Elaborate biological activity proves that complex 3 is very promising for the
treatment of human liver cancer. Moreover, the exceptionally high activity of complex 3 establishes the
rationality of our catalyst design in our previous work (Inorg. Chem. 2015, 54, 2315-2324).

Conclusions: While the para-substituents have negligible influence on the variations of reaction structures and
atomic partial charge distribution, they significantly affect the energy levels of the bound frontier molecular
orbitals. Moreover the complexes are responsible for cancerous cell death by inducing apoptosis during human
liver cancer with the tertiary butyl compound ranking as the highest active one.

Key Words: Nickel(Il), Phosphatase, DFT, HepG2 cell line.
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Abstract

Purpose: To achieve higher power conversion efficiency (PCE), we have fabricated organic solar cells (OSCs)
with atemplate layer consisting of thiophene/phenylene co-oligomers (TPCOs).

Experimental description: We chose P6T, BPAT, and T4P from among a variety of TPCOs as the template layer.
These TPCOs are p-type materials. We deposited materials on transparent indium tin oxide (ITO) electrodes that
were treated with ultraviolet-ozone cleaning (10 minutes). We

vacuum-deposited the template layer (5 nm in thickness), a bulk

heterojunction (BHJ) layer (a co-deposited layer of rubrene and

Cro, 40 nm), an n-type semiconductor layer (Cro, 20 nm), an Al (80 nm)

electron transport layer [bathocuproine (BCP), 7 nm], and an

electrode (Al, 80 nm) in this order (see Fig. 1). We fabricated the

device without the template layers for comparison. The devices — BCP
were measured under simulated solar light illumination (100 (7nm)
mW/cmz, air mass 1.5 global) in a nitrogen atmosphere. Rubrene / C,

Results: Compared to the device without the template layer, the (40 nm) _Template layer
devices with the template layer indicated improved short-circuit ITO (5 nm)
currents (Jx) and PCEs. In particular, characteristics were greatly Glass

improved with the device of T4P used for a template. Figure 2
compares current-voltage characteristics between the T4P devices
with and without the template layer. By introducing the template  Fig. 1. Schematic structure of a solar cell
layer, Jx< and PCE were improved from 8.51 mA/cmz to 12. 1 having a template layer.

mA/cmzand from 2.68 % to 3.80 %, respectively.

Conclusions: We fabricated OSCs having the template layer of
TPCOs. Jsc and PCE were improved by introducing the template
layer into the devices. We are now further improving the
characteristics of OSCs by optimizing fabrication conditions and
film thicknesses.

(=]
h S

Key Words: organic solar cells, thiophene/phenylene co-
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Fig. 2. Comparison of current-voltage
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Abstract

Purpose: To investigate the Pd(OAc)2/Cu(OTf)2-catalyzed cross-dehydrgenative coupling of ether and acohols
with phenolic substrates.

OH HO
[>_H LN Pd(OAc), —R
o] | R Cu(OTf), g \_7
TBHP
OH
R20 RS
H + S Pd(OAC)2
R’ H > Cu(OTf),
OH TBHP

Experimental description: An oven-dried reaction flask was charged with Pd(OAc)2 (5.6 mg, 5 mol%), Cu(OTf)2
(45 mg, 25 mol%), 2,4-dihydroxy arylcarbonyl (or naphthol and 1,4-dihydroxynapththalene) (0.5 mmol), THF (or
ethers and alcohols) (5.0 mL), and tert-butylhydroperoxide (TBHP, 5.0-6.0 M in decane, 0.1 mL, 0.6 mmol) under
nitrogen atmosphere. The resulting mixture was stirred at 65 °C for 2-24 h in oil bath. Then, the volatiles were
removed under reduced pressure and the residue was purified by silica gel column chromatography (hexane: ethyl
acetate = 15:1) to give desired product.

Results: Pd(OAC)2/Cu(OTf)2-catalyzed simultaneous Csps-H activation and cross-coupling strategy afforded
arylated products in high yields with wide range of functional group tolerance in either phenolic compounds or
etherg/alcohoals.

Conclusions: Direct arylation of Csps-H bond adjacent to oxygen in ethers with phenol and naphthol derivatives
has developed via Pd(OA c)2/Cu(OTf)2-catalyzed cross-dehydrgenative coupling in the presence of TBHP. This
process provides exclusive installation of a tetrahydrofuranyl moiety at a more hindered position of multiply
substituted phenol derivatives. The cross-dehydrogenative coupling of 1,4-dihydroxynaphthalene with cyclic
ethers and free alcohols has afforded biologically interesting 2-substituted 1,4-naphthoquinone derivatives.

Key Words: Activation, cross-coupling, hydroxyarenes, ethers, alcohols, radical
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Abstract

Purpose: In this work, we report that utilizing a facile nanofabrication method called Nanoskiving to fabricate
1.5 mmx=x200 nmx200 nm gold nanowires(GNWs) with high yield. These gold nanowires have an extremely high
aspect ratio with L/D=7500.

Experimental description: Nanoskiving is amethod for fabricating 3D nanostructures with defined geometry. By
depositing gold onto an epoxy or thiolene-based substrate, slicing the section and then etching the resin, GNWs
are fabricated. Nanoskiving is afast method for the preparation of GNW with low lost in yield.

Results: We bisect microfluidic channels with gold nanowires. The individual nanowire spans a trench of 75 um
in width and 40 um in depth, followed by placing PDMS over the top, to form a microfluidic channel. The
Nanowire function as a hot-wire anemometer in which the conductivity correlates with the rate of flow. The wires
placed at the bottom of the channel ,where the zero flow is, result in low sensitivity in measuring the rate of flow
compare to wires that suspend in the middle of channel. Thus, it is crucia to fabricate suspended nanowires away
from the floor of the channels.

Key Words: nanoskiving, 3D nanofabrication, microfluidics

Correspondence: yanxi.zhang@rug.nl
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Fig. 1. SEM image of a 1.5mmx200nmx200nm gold nanowire suspended over the trench
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Abstract

Purpose: To acquire L-Proline-catalyzed benzannulation reaction of natphthoquinones with unsaturated
adehydes via[4+2] cycloaddition to access biologically active anthraquinones and tetracenediones.

RZ O 0 R? O
N R3 e R3
- H L-proline 1~
. v g /L
S3- RS Toluene  “~ R*
R'" O R'" O R®
== new bond formation

Experimental description: Mixture of 1,4-naphthoquinones or 1,4-anthracenedione (1.0 mmol), aldehydes (1.6
mmol), L-Proline (20 mol %) and benzoic acid (10 mol %) in Toluene (5 mL) was stirred at 50 oC for 5 h. After
completion of reaction as indicated by TLC, the reaction mixture was evaporated in rotary evaporator and the
residue was purified on a silica gel column chromatography using hexane/ethyl acetate as eluent to afford the
desired products.

Results: Benzannulation process has alowed the synthesis of various functionalized 9,10-anthraguinones and
tetracenediones, phenanthreneguinones that would have applications in the synthesis of natural products, dyes and
pharmaceuticals. As an application of this methodology, 9,10-anthraquinones were also synthesized using 1,4-
benzoquinoe as the starting material. The use of L-Proline as a catalyst has become instrumental in in situ
generation of butadiene component from unsaturated aldehyde and exposing it towards [4+2] cycloaddition with
quinones.

Conclusions: This study has developed an efficient and convenient one-pot synthesis of anthraguinones and
tetracenediones from the benzannulation reaction of various 1,4-naphthoquinones or 1,4-anthracenediones with
unsaturated aldehydes using an inexpensive, non-toxic and readily available catalyst, L-proline. This
benzannulation process allows the synthesis of various functionalized 9,10-anthraquinones and tetracenediones,
which should find a wide range of applications in the synthesis of natural products, dyes and pharmaceuticals.
Using this methodology, phenanthrenequinone derivatives were also synthesized. As an application of this
methodology, 9,10-anthraquinones were also obtained using 1,4-benzoquinoe as the starting material

Key Words: Quinones, Anthraquinones, Tetracenediones, [4+2] cycloaddition, Benzannuation, Aldehydes
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Abstract

Purpose: fluorescence chemosensors are widely demanded by their usefulness in clinical medicine, biology and
environmental chemistry. They constitute a simple and low-cost way to detect toxic heavy metals on the
environment or feeding. In this context, the potential sensor ability of certain isoquinolinylpyrazoles [HpzX™"'q]
(Iq = Isoquinoling, R(n,n) = CgH3(OChHzns1)2, N = 4-18) was tested towards the metal ions Cu**, Pd**, Pt**, Cd**,
Hg® and Zn*.

Experimental description: the photophysical characterization of the pyrazole derivatives was performed in
CH,Cl, solution (ca. 10° M) and in the solid state. Titrations were carried out by the addition of small amounts of
standard solutions of the soft metal ionsin dry acetonitrile (ca. 10°M).

Results: the fluorescence response of these pyrazoles as a result of the addition of Hg”* is shown in Figure 1. Asit
can be observed, its natural emission decreases by increasing the

o/ 8- concentration of the metal ion, giving rise to chelation enhanced

14 - fluorescent quenching (CHEQ). A similar behavior was aso observed

el || under zn*, Cd**, Cu®™, Pd*" and Pt** chelation. Among them, the CHEQ

0.8+ 0sl  ® s | effect only produced a total quenching of the emission band in the

oal el presence of Hg®*, Pt?* and Cu®*. On the other hand, the absorption spectra

0.6 Wz .. did not show significant changes after the titrations, being only detected a
0.4l NNEE o8 o small increase of two bands centered at 255 and 300 nm.

Conclusions: Isoquinolinylpyrazole compounds can be used for the
detection of Cu?*, Pd*, Pt**, Cd*, Hg*" and Zn** on the basis of the
CHEQ effect that produce the presence of these metal ionsin their natural
fluorescence emission.

320 400

Wavelenght/nm
Figure 1. Fluorimetric titration of an Key Words: pyrazole ligands, chemosensors, fluorescent probes, heavy
metals.
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Abstract

Purpose: the benefit of conjugated polymers over other materials for organic photovoltaics (OPVs) is the ability
of roll-to-roll processing. However, for every kilogram of active material that is used to produce an OPV device,
20-80 kilogram of organic (typically halogenated) solvent is consumed, thereby largely undermining the
renewable nature of photovoltaics. Although conjugated polymers can be rendered water- or acohol-soluble by
installing ionic pendant groups, these so-called conjugated polyelectrolytes (CPEs, e.g., PFS, Fig. 1) are
amphiphilic and aggregate in solution. Since aggregation nucleates and drives film formation, the use of CPEs in
solid state devicesis limited to thin (typically not continuous) interlayers to modulate work-functions.

Experimental description: we have developed a
new class of materials, conjugated polyions

00 nm —
(CPIs)1, which are polymers with water-soluble
(cationic) backbones flanked with anionic pendant O.O O
groups (eg., PFSC, Fig. 1). CPIs are fully c.H. CqHg
conjugated and because they are Zwitterionic, they ©os 50,0 PFS
do not aggregate in water or acohols.

0 nm
1 T. P. Voortman, H. D. de Gier, H. W. A. Remco,
S

‘lOnm
and R. C. Chiechi, J. Mater. Chem. C, 2014, 2,
3407-3415 | 10.1039/c3tc32204a
C4Hg C4H
@o;ss s‘o:@ PFSK

2 T. P. Voortman and R. C. Chiechi, ACS Appl.
Mater. Interfaces, 2015, ASAP |
10.1021/acsami.5b00564

Resultss: CPIs can be processed from
environmentally benign solvents (e.g., water or
ethanol) into smooth, homogenous films that are CaHa "CaMg
qualitatively superior to films of CPEs (Fig. 1).2 ©os 50,0 PFSC
Furthermore, the band-gap of CPls can be tuned # R = N,N-dimethylaniline A
within a Igarge Wmd_ow of 73'2_'1'8 eV post- Scheme 1 Thin fllm morphologies (AFM) clearly show large
Fzzmentzat!?hn’ tiy. Slmplly idf usting pH or by differences in film quality between PFS, a CPE, and PFSC, a CPI.
reatiment with certain hucleopnites. PFSK is an intermediate from which PFSC is formed.’

OO,

Matching ionic backbone/pendant groups

Conclusions: We are actively investigating the
scope of this new class of materials, and athough alot of work remains to incorporate CPIsinto OPV devices, we
believe that these materials form a versatile platform for truly renewable organic photovoltaics.

Key Words: conjugated polymer, aggregation, polyion, water-processable, scalable, AFM
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Abstract

Purpose: the possibility of inducing and controlling a color change in a material opens up a wide range of
industrial applications in optics and optoel ectronics. For this aim, we have researched the luminescence properties
of new Pt(I1) complexes of the type [Pt(pzX™"'%),] (Iq = Isoquinoline, R(n,n) = CsHa(OCyHan+1)2, N = 4-18), which
behave as multifunctional materials, and developed stimuli-responsive polymer films doped with them.

Experimental description: polymer films were obtained from a mixture of PMMA or PVP polymers (100 mg)
and the corresponding Pt(11) complex (1 mg) in CH,Cl,, followed by a slow evaporation of the solvent.

Results: as shown in Figure 1, the weak green-yellow emission (A = 540, 580 nm) that these square-planar Pt(11)
complexes exhibit in the solid state turns bright orange (A = 606 nm) by increasing the temperature. A similar
behavior was also observed at room temperature after grinding the crystalline solid with a pestle (Figure 1). In
both cases, the color change is probably related to the formation of | /5.

molecular aggregates through Pt(11)---Pt(I1) interactions, which induce ™"
metal-metal-to-ligand charge transfer (MMLCT) excited states. Thus, by
the addition of certain solvents or by the presence of their vapors, itis (g
possible to break these intermolecular contacts allowing the recovery of

the natural greenish emission. Taking advantages of these properties, we 0.6
have fabricated polymer thin films doped with these complexes to

14

develop smart materials that respond to changes in temperature and %%

pressure. 0.2

Conclusions: the high planar geometry of these Pt(l1) complexes favour ? SN
aggregation-induced emission in the solid state, which can be controlled 0500 550 600 650 700 750
by applying of external stimuli such as heat, pressure, solvents or vapors. Wavelength / nm

Key Words: Pt(ll) complexes, chromogenic materials, sensors, thin aind

films. m
Acknowledgements; Authors thanks to Scientific PROTEOMASS Gyl .

Association (Portugal), REQUIMTE-FCT (PESt-C/EQB/La0006/2013),
Ministerio de Economia y Competitividad (project CTQ2011-25172,  Figure 1. Luminescence spectra at
Spain) and Complutense University (GR3/14-910300), for funding. C.  variable temperature (top) and
Cuerva acknowledges his pre-doctoral grant (UCM-Santander
Universidades, Spain). E. Oliveira acknowledges the post-doctoral grant
SFRH/BPD/72557/2010 (FCT-MEC, Portugal).

Correspondence: Department of Inorganic Chemistry I, Faculty of Chemical Sciences, Complutense University
of Madrid. Ciudad Universitaria, Avda. Complutense /n, E-28040 Madrid (Spain). E-mail: c.cuerva@ucm.es.

mechanachramic hehaviar af the PHIN

200



IC3TC 2015 - Proceedings

P18 — Thermal behavior of an amorphous pharmaceutical drug loaded into

a porous silica matrix

Teresa Cordeiro’, Beatriz Batista', Rosa Nascimento®, Jodo C. Sotomayor”, Isabel Fonseca!, Margarida Cardoso®,
Natdlia T. Correia’, M. Teresa Viciosa®, Madalena Dionisio®

1. LQAV-Reguimte, Departamento de Quimica. Faculdade de Ciéncias e Tecnologia, Universidade Nova de
Lisboa. Campus de Caparica. 2829-516. Caparica. Portugal.

2. Unité Matériaux Et Transformations (UMET), UMR CNRS 8207, UFR de Physique,Université Lille Nord de
France, BAT P5, F-59655 Villeneuve d’ Ascq Cedex, France.

3. CQFM — Centro de Quimica-Fisica Molecular and IN — Instituto de Nanociéncias e Nanotecnologia, Instituto
Superior Técnico, Universidade de Lisboa, Avenida Rovisco Pais, 1049-001 Lisboa, Portugal .

Abstract

Purpose: The work aims to achieve the amorphization of a pharmaceutical drug by inclusion in a nanoporous
silica matrix. Since the amorphous form of a compound is more disordered that the crystalline phase, it is
expected that solubility is favored if the drug is used as an amorphous solid instead of a crystal. However the
former is thermodynamically unstable being necessary to find a mean to stabilize it. In this context,
immobilization in a silica matrix can be a strategy as successfully tested for homologous compounds [1]. Thisis
of high importance for the pharmaceutical industry that is searching for alternative drug formulations with
increased solubility/bioavailability/therapeutic efficacy, given that a great number of already marketed compounds
[2] or novel drug candidates are poorly water soluble. The guest’'s physical state was accessed by differential
scanning calorimetry (DSC).

Experimental description: The drug was loaded under vacuum in a 6.3 nm pore diameter silica matrix. DSC
thermograms were collected between -90 and +175°C for the neat drug and composite under different thermal
treatments. The drug release in phosphate buffer medium, pH 6.8, was monitored by HPLC.

Results: The thermogram of the drug impregnated in the silica matrix revealed a glass transition contrary to the
neat drug; for the latter, crystallization and the respective melting are always observed under different thermal
treatments. Additionally, superimposed to an endotherm due to the release of water molecules that are absorbed in
the silica, a broad endothermic peak is observed probably due to melting of impregnated drug, significantly
shifted to lower temperatures compared with the neat crystalline drug. Several runs were scanned at low cooling
ratesto confirm if the loaded drug is able to crystallize.

Conclusions: The impregnation in a nanoporous matrix revealed to be a successful strategy to obtain drug
amorphization, however it is not clear if crystallization is also able to occur. If thisis true, the pore size seems to
be determinant to allow crystallization occurrence since in a silica matrix with smaller pore diameter (3.3 nm) itis
never observed. Therefore, it is possible to conjure a critical dimension for crystallization growing in between 3.3
and 6.3 nm for this drug.

Key Words: pharmaceutical drug, glass transition, amorphous state.
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Abstract

Nanometer-sized materials have attracted substantial interest in the scientific community because they offer a
highly active surface area to volume ratio enable them to have awide range of potentia applications because their
great extraction capacity and efficiency. Magnetic nanoparticles (MNPs), as a new kind of nanometer-sized
materials, are superparamagnetic, which means that they are attracted to a magnetic field, but retain no residual
magnetism after the field is removed. Therefore, suspended superparamagnetic particles adhered to the target can
be removed very quickly from amatrix using a magnetic field.™ In recent years, MNPs have been studied because
of their potential applications as magnetic carries for various biomedical uses such as cell and DNA separation,
drug delivery system, magnetic resonance imaging, bio separation, and preconcentration of various anions and
cations.™® The excellent properties of MNPs are strongly influenced by the particle size. Transmission electron
microscopy (TEM), scanning electron microscopy (SEM) and X-ray diffraction (XRD) are the main techniques
used for the characterization and observation of the size and shape of the MNPs. The objective of this study was to
develop a method for direct determination of Fe concentration and particle size of solid MNPs by application of
solid sampling high resolution continuum source graphite furnace atomic absorption spectrometry (HR-CS-
GFAAS). A new strategy in evaluating the area and the slope of the obtained absorbance signals for a line of Fe
with low sensitivity was developed for the determination of both, iron concentration in solid MNPs and their
average particle size. For this purpose, five furnace program parameters, atomization temperature, heating rate,
and pyrolysis temperature, heating rate and hold pyrolysis time, were optimized with the employ of two multiple
response surface designs. The response parameters chosen were: atomization signal area/weighted mass of MNPs
and the inverse of the slope of the atomization signal/weighted mass of MNPs. The optimized parameters are
shownin Table 1.

Table 1. Optimized graphite furnace program

Step Temperature (°C) Heating time (°C s) Hold time (s)
Drying 150 5 35

Pyrolysis 1050 75 5

Auto-zero 1050 0 5
Atomization 2500 1275 12

Cleaning 2600 500 4

With these optimized parameters good calibration curves were obtained with liquid iron standards (for Fe
determination) and with MNPs samples with certified size particle (for size particle determination). The
determination of the MNP size was validated by SEM. This method is being employed in the optimization of the
synthesis of MNPs by the coprecipitation method.

Key Words: HR-CS-GFAAS, MNPs, Fe concentration, particle size
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Abstract

Purpose: Pharmaceutical compounds have been detected in rivers and other water bodies. Their presence may
occur due to runoff from anima farms and discharge of water from wastewater treatment plants where
pharmaceutical compounds are not removed completely. Furthermore, it has been proved that some plants can
uptake organic compounds. Hence, this work presents a methodology for the simultaneous determination of 14
pharmaceutical compounds (basic, neutral and acid) in aguatic plants (Typha angustifolia and Oryza sativa).

Experimental description: Ultrasound assisted-matrix solid phase dispersion (UA-MSPD) was performed
placing 1 g of plant in a glass mortar and mixed with 4 g of Florisil and 2 g of MgSO,. Samples for recovery
assays were spiked with a mixture of the target compounds at 200 and 50 ng g™ and left 60 min to reach
equilibrium before extraction. Then the mixture was blended with a glass pestle for 5 min and placed in a 20 mL
glass column over 2 paper filters at the end with 2g of MgSO,. 8 mL of ethyl acetate with 3 % NH,OH were
added to each column, as well as, 2 mL of the same extraction solvent used to wash the mortar and pestle.
Columns were sonicated for 15 min in an ultrasonic water bath at room temperature and then extracts were
collected in tubes and evaporated to dryness. The extraction was repeated twice with 5 mL acetonitrile containing
4 % formic acid to ensure the complete extraction of the acid target compounds. The extract was evaporated to 1
mL before the cleanup step. Plant extracts were cleaned through a 5 mL glass column containing 1 g of MgSO,
and 1 g of C18. The analytes were eluted with 5 mL of acetonitrile. Extracts were collected in tubes, evaporated to
dryness and reconstituted to 0.5 mL with acetonitrile prior to their derivatization and analysis by GC-MS.

Results: UA-MSPD showed good performance for most of the compounds with plant samples spiked at 50 and
200 ng g™. Good recoveries were achieved (higher than 70 %) for the majority of the compounds, but not for
metoprolol and amitriptyline in both plants and paracetamol in Typha angustifolia. Limits of detection and
quantification ranged from 0.3 to 2.1 ng g "*and from 0.8 to 6.3 ng g, respectively. Then, the method was applied
to aguatic plants taken from the river basis from two different regions in Spain (Valencia and Madrid), where
three compounds were detected. Naproxen was detected in the two regions at concentration up to 47 ng g. On the
other hand, paracetamol and carbamazepine were quantified only in Valenciaat 14 and 325 ng g, respectively.

Conclusions: A method for the determination of 14 pharmaceuticals in aquatic plants was developed.
Carbamazepine, ibuprofen and paracetamol, were detected. Further research needs to be done to know the
possible negative effects on the environment and if the compounds found in Oryza sativa could be translocated to
the grain.

Key Words: Aquatic Plants, UA-MSPD, GC-M S, Pharmaceutical compounds, Typha angustifolia, Oryza sativa.
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Purpose: Two novel macrocyclic molecular probes 1 and 2 linked to two nitrophenylurea and two
nitrophenylthiourea groups, respectively, are reported. Their responses toward different anions were evaluated by
UV -vis absorption spectroscopy and in solid supported materials.

Experimental description: The interaction of systems 1 and 2 with different anions (F, CI', Br, I, OH,
CH3COO, CN’, H,PO,, NO3 and ClOy4) was explored by spectrophotometric titrations in DM SO using UV-vis
spectroscopy.

Results Different reactions were observed upon the addition of the anions. They show a colorimetric response
with the addition of OH™ and F, changing the colour from pale yellow to orange. Moreover, compound 1 shows a
selective colour change with the addition of H,PO,4. The immobilization of probe 1 in cellulose supported disks
alows evaluating its efficiency on the fast recognition of different anions (F, AcO’, CN’, H,PO,) in agqueous
phase. [1]

water solutions (pH = 6.9-7.2) containing F, AcO", CN” and H,PO, ([X] = 1.00 x 10° mol/L).
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Abstract

Purpose: Metallic Nanoparticles exhibit interesting properties depending on their size, shape, and composition.
Nanoparticles can be functionalized with specific organic compounds in order to be used as scavenger of
biomarkers, molecular drug delivery, diseases proteins separation agent, metals chemical sensor among others. In
continuation of our research focused on the synthesis and applications of new noble metalic and non-metallic
nanomaterials we presented a general vision of different nano-systems designed and synthesized in our research
team.

Experimental description: Ag, Au, Pt, Pd, Fe, polymeric among others NPS were functionalized with specific
organic molecules in order to construct nanomaterials with different properties. Roods, metal organic frameworks
(MOFs), core-shell, matchsticks, magnetic nanomaterials and other nanoforms have been obtained by modulating
specific reaction conditions.

Results: Each nanosystems obtained was analyzed by TEM and DLS. Nanomaterials obtained exhibit various
shape, size and interesting chemical or physical properties depending on the starting materials. Application of
these systems are actually in progress.

A B — C

' 4

Figure 1. Images TEM of some nanomaterials obtained in the group

50 nm

Conclusions: New synthetic methodologies were successfully implemented and NPS nature differ by their
composition, shape, and size. Application studies are in progress in order to ensure which systems are better
adapted to the desired applications.

Key Words: metallic nanoparticles, chemical sensors, core-shell, roods, magnetic nanoparticles
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Purpose: The massive and repeated use of antimicrobial agents associated with bacterial genetic transfer
mechanisms have contributed to the emergence of antimicrobial resistant bacteria Silver nanoparticles, known to
have antibacterial properties, can be good candidates to treat resistant bacterias. Continuing with our scientific
interest in synthesis and application of noble metal nanomaterials we have designed a new one pot synthesis and
functionalization of silver nanoparticles with an antibiotic, the tetracycline (AgNPs@TC) to build a drug delivery
system using the synergistic antibacterial effect of both silver and tetracycline in order to reduce antibiotic
bacterias resistance.

Experimental description: AQNPs@TC was obtained using tetracycline molecule as reducing and stabilizing
agent in basic agueous medium under temperature stimulation. AgNPs@TC were analyzed using UV-vis
spectroscopy, FT-IR, DLS and Transmission Electron Microscopy. Strains tested were E. coli ST648 and S.
aureus ST398, both resistant to tetracycline, and the control strains E. coli K12 and S. aureus ATCC 25923,
susceptible to tetracycline

Results: the yellow colloidal system obtained presents a SPR band at ca. 403 nm having an average size of 15+/-5
nm (Figure 1). The microbiology studies indicate that silver nanoparticles exhibit inhibitory and bacterial activity
against both Gram-positive and Gram-negative bacteria, except on tetracycline-resistant S. aureus.

0
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Figure 1. UV/Vis spectra and colour solution (A), TEM images (B) and NPs colour solution (C)

Conclusions: AgNps@TC shows an antibacterial property better than the tetracycline alone due to the positive
synergistic effect of the system. The utilization of these NPs could be an interesting potent alternative to combat
antibiotics resistant bacteria.

Key Words: silver nanoparticles, tetracycline, resistant bacteria
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Abstract

Purpose: The present work reports the spectroscopic characterization and fluorescence quantum efficiency (¢) of
two novel luminescent compounds containing fluorescein-amino acid units. The absorbance and fluorescence
studies were performed in different solvents with different dielectric constant values. Fluorescein and their
derivatives, are a class of versatile emissive dyes due to their potential application in biological fields such asin
cellular biology, cellular imaging and chemosensor for toxicological and environmental sciences [1,2]. The
different structures of fluorescein present characteristics absorption and emission spectra, lifetimes and ¢ that are

dependent on pH, polarity and/or hydrogen-bonding power of the solvent [3].

Experimental description: Absorption spectra were recorded on a Jasco V-650 spectrophotometer and
fluorescence emission on a Horiba-Y von-Spex Fluoromax-4 spectrofluorimeter. Fluorescence quantum yield was
measured using a solution of acridine yellow in absolute ethanol as a standard and was corrected for different
refraction indexes of solvents.

Results and Conclusions: Absorbance and fluorescence spectroscopic characterization and fluorescence quantum
efficiency were studied in five different solvents (with dielectric constant values between 7.5-78.5). The results
were compared with obtained for commercial fluorescein (C,OH1,0s). ¢ results are dependent on compound
studied and solvent (or dielectric constant) used. [1] C. Lodeiro et a., Chem. Soc. Rev. 2010, 39, 2948. [2] M.
Mameli, Inorg. Chem. 2010, 49, 8276.[3] A. Song et al., Colloids Surf. A Physicochem. Eng. Asp. 2000, 16, 253.
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Abstract

Purpose: Detecting oxidizing species such as -OCl, H,0,, NO,, HO-, ONOO", 'O, using non-destructive
techniques is a challenged for many researches. Fluorescent chemosensors are non-destructive analytical tools
used with this purposes. In this context, rhodamine molecul es containing a chal cogen unit can be explored.

Experimental description: The synthesis of the Selenium rhodamine ligand was based on the formation of an
amide, which stabilizes the molecule.. Compound 1 was characterized by AE, IR, NMR *H, **C, ""Se and HRMS.

Figure 1: Synthesis of Compound 1 and the redox equilibrium with Compound 2.
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Results: The Selenium rhodamine 1 was obtained with 60% yield, showing good stability. Figure 1. The synthetic
protocols used demonstrated good reproducibility and robustness. Compound 1 was purified using
chromatography columns, and crystallization. Due to the presence of a Selenium atom, the fluorescence was
strongly suppressed. In a preliminary test, the compound 1 proved to be a promising oxidizing sensor, after
reacting with Oxone® ([O]), it has achieved a high fluorescence state (compound 2) and when reacting with
glutathione, it returned to the low fluorescence initial state. It shows that this compound is a reversible sensor to
off/on fluorescence system, asis shown in Figure 1.

Conclusions: Was successfully synthesized an off/on-type fluorescence chemosensor containing a rhodamine B
unit. Compound 1 can be used to detect oxidizing species (ROS) and it can be regenerated from the reaction with
glutathione.

Key Words: Rhodamine, Selenium, chemosensors and fluorescent probes.
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Abstract

Purpose: The chemical and physical properties displayed by tetrapyrrolic macrocycles render them particularly
attractive to be used in a wide range of fields like supramolecular chemistry, catalysis, electronic materials,
sensors and medicine. In recent years, much attention has been paid to thermotropic LCs due to their potential
applications in severa fields. Metallomesogens have a particularly interest due to the opportunity in combining
the properties of liquid crystal state with those of selected transition metals in the same material.

Results: In this work were prepared and fully characterised new meso-tetraarylsubstituted free base porphyrins
containing akyl amide chains and the corresponding Pd(I1) and Pt(I1) complexes. The thermal behaviour of these
compounds was studied by differential scanning calorimetry (DSC), polarised light optical microscopy (POM)
and temperature-dependent powder X-ray diffraction. Porphyrins with eight terminal alkyl chains bearing five and
eight carbon atoms and the corresponding Pd(11) complexes behave asliquid crystalline materials

Conclusions: The number of terminal alkyl chains, their length and the presence of Pd(ll) in inner core of the
macrocycle played a key role to achieve a mesomorphic behaviour. A columnar mesophase was found at
temperatures above 80 °C.

Key Words: Porphyrinoids, Liquid Crystals, Metallomesogens, M esophases, X-ray diffraction
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Abstract

Purpose: The work aims to answer to a demand of the pharmaceutical industry that is searching for aternative
drug formulations with increased solubility/bioavailability/therapeutic efficacy, given that a great number of
aready marketed compounds [1] or novel drug candidates are poorly water soluble. Since amorphous solids are
highly disordered, amorphization can potentiate solubility, however it carries a drawback: instability. As a strategy
to stabilize the amorphous form of a drug, the inclusion in a nanoporous silica matrix was tested. The guest’s
physical state and mobility were accessed, respectively, by differential scanning calorimetry (DSC) and dielectric
relaxation spectroscopy (DRS).

Experimental description: The drug was loaded (~40% as determined by thermogravimetry) under vacuum in a
3.3 nm pore diameter silica matrix. DSC thermograms were collected between -90 and +175°C for the neat drug
and composite under different thermal treatments. DRS spectra were collected for the guest/host composite
between -110 and +170°C. The drug release in phosphate buffer medium, pH 6.8, was monitored by HPLC.

Results: While for the neat drug, crystallization (~100°C) and the respective melting (near above 150°C) were
aways observed irrespective of the thermal treatment, for the loaded drug a glass transition was observed (around
0°C). The mobility associated with the dynamical glass transition was investigated by DRS, which allowed
extracting the characteristic relaxation times. The respective temperature dependence obeys to a VFT-law as
observed for cooperatively relaxing processes. Monitoring of drug dissolution revealed fast and complete drug
release.

Conclusions: The impregnation in a nanoporous matrix revealed to be a successful strategy to obtain drug
amorphization. The respective physical state was characterized by DSC through the detection of a glass transition
and the mobility associated with the glass-liquid transition was studied by DRS, revealing the features of a
cooperative relaxational process. DRS showed to be a suitable tool to access in-situ the dynamical behavior of the
drug confirming an enhanced mobility relatively to the crystalline neat drug which, owing to the complete release,
makes this an interesting composite for the pharmaceutical industry.

Key Words: pharmaceutical drug, glass transition, amorphous state, molecular mobility.
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Abstract

Purpose: Being the most common cancer worldwide, and the deadliest one, lung cancer treatment is of major
importance nowadays. Having said that, there is a need of developing strategies that can effectively target lung
cancer and initiate a treatment [1].Here in, we describe a synthesis of magnetic nanoparticles coated with a gold
shell. These nanoparticles are functionalized and then micronized into polymeric powders in order to produce
respirable systems able to reach the deep lungs [2]. Once in the lung epithelia the polymeric microparticles, as
biodegradable and biocompatible, are expected to release the nanoformulations in a controlled and sustained
manner [3].

Experimental description: The micronization was achieved using sustainable methodologies that make use of
Supercritical Assisted Spray Drying (SASD). The co-atomization of the polymeric solution containing
nanoparticles with scCO, was able to produce micropowders with suitable features for pulmonary delivery.

Results: Aerodynamic characterizations, morphological, physical-chemical and pharmacokinetic profiles are aso
assessed. The preliminary results show that these nano-in-micro formulations could be potential systems to
address pulmonary administration of magnetic particles.

Figure 1 and 2. Morphologi G3 images from dry powder formulation

Conclusions: Magnetic dry powder formulations based on magnetic coated with gold nanoparticles were
successfully obtained. Morphological and aerodynamic properties show promising results, thus other studies are
now in progressin order to ensure its viability towards lung cancer treatment.

Key Words: gold nanoparticles, iron oxide, microparticles, scCO,, SASD
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Purpose: Carcinoma of the bladder continues to pose a significant challenge to physicians and patients who
attempt to balance the toxicity of over treating highly curable lower-risk disease while avoiding undertreating
lethal high-grade lesions. Bladder carcinoma diagnosis lacks in accuracy. Furthermore, recurrence of this cancer is
high, which makes the five-year survival ratio for this disease one of the worst of all carcinomas. In addition, up to
date there is no effective biomarkers that can allow for monitoring therapy for this disease™. Most abundant
proteins (MAPS) in plasma are a problem to deal with when searching for new or known biomarkers, as they mask
or interfere with the detection of proteins belonging to the low-abundance protein fraction * . This work aims to
establish a biomarker-based method to allow better diagnosis and monitoring of patients with bladder cancer. The
search of biomarkers can be useful in monitoring therapy for this type of cancer.

Experimental description/ Results: Protein content in the plasma samples from anonymous patients with
bladder carcinoma and healthy people was equalized with Ditiotreitol (DTT) method* and analyzed using 2D
gel electrophoresis’. Gel comparison and statistical analysis using Progenesis SameSpots indicated the gel spots
differentialy expressed for each patient. All the detected spots were excised digested and identified by MALDI-
MS.

Conclusion: This preliminary study demonstrated that equalization with DTT is a cheap method that it provides
good results. All the identified proteins were studied for their biochemical function. Some of these proteins are
associated with the transport of zinc and iron, inflammatory and immune response. Thisis a preliminary study and
more groups of patients are needed to validate the biomarkers found in this work.

Key Words: Bladder carcinoma, Protein equalization, MALDI-TOF-MS, 2D-SDS-PAGE.
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Abstract

Purpose: there is a great effort in the desing of more sensitive and selective methods for detecting anions with
environmental and biological importance. Because of its moderate toxicity and not rare presence in water, food
and dental products, fluoride anion (F) fits well in this class of analytes with potential risk. Due to the high
affinity of fluoride by silicon, the spontaneous cleavage of O-Si or C-Si assisted by an Sy2 attach of F through the
silicon atom has been applied on selective reaction-based detection of fluoride. In the present work we present the
use of the coumarin-440 (an amino-coumarin) functionalized with an amino-acid residue (Boc-Ser(TBDMS)-OH)
for F detection.

Experimental description: The photophysical properties of the coumarin derivative, and the selectivity for
fluoride detection among a range of anions was explored in acetonitrile solution (10°M). The sensing mechanism
was proposed and supported by *H-NMR and MALDI-MS experiments. UV-vis absorption, steady state, and time
resolved emission spectroscopic were employed. The system could be adapted to paper discs under a UV lamp
(365 nm) for fluoride naked eye detection.

Results: a reaction triggered by the nucleophilic attack of the fluoride anion to the silicon atom of the tert-
buthyldimethylsilane (TBDMS) group is the responsible for the disruption of O-Si bond, which generates an
emissive specie, as shown in Figure 1.
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Figure 1. Reaction mechanism between 2 and F-, accompained by the "switch on" of fluorescence.

Conclusions: A new bio-inspired coumarin derivative probe for F detection was successfully synthetized,
characterized and its photophysical properties were evaluated. The compound was highly selective to F detection
among a wide range of anions, and presented low limits of detection and quantification.
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Abstract

In rheumatic inflammatory diseases, such as rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE),
where the current available biomarkers fail on an early diagnosis, in sensitivity and specificity wise, the discovery
of novel biomarkers is mandatory to enable the detection of earlier clinical stages, monitor activity and predict
severity of the diseases and treatment response across the targeted therapy™”. Proteomics has emerged as a
powerful technique to identify novel biomarkers, since certain diseases can be traced from alterations of certain
proteins in biological fluids, like plasma. However, the traditional methodology for protein identification through
trypsination is tedious and time-consuming. The use of ultrasound energy has proven to speed up sample digestion
and other steps of the sample treatment for protein identification. But still, the handling of a large amount of
samples remains a disadvantage of this technique®**°. Herein, we propose the use of a new ultrasonic technology,
the Microplate Horn Assembly, to study new biomarkers in plasma samples of RA and SLE patients. With this
methodology, the complexity of profiling a disease is minimized by reducing the handling time and increasing the
number of samples treated at once, therefore improving the discovery of novel biomarkers.

Keywords. Proteomics, protein identification, ultrasound energy, protein biomarker discovery, rheumatic
inflammatory diseases.
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Abstract

Purpose: The enzymatic removal of acetyl groups at lysine residues in proteins by histone deacetylases plays an
important role in many biological processes. Recently, histone deacetylase 6 (HDACG6) has been identified as a
valuable target in drug development with potential applications in the treatment of cancer and neurodegenerative
disorders. Therefore the synthesis and evaluation of selective HDACG inhibitors has gained a lot of interest over
the last few years. In this work, two new classes of thiaheterocyclic HDACG6 inhibitors were synthesized and their
activity and selectivity were examined.

Experimental description: Firstly, eight N-(4-hydroxycarbamoylbenzyl)-1,2,4,9-tetrahydro-3-thia-9-azafluorenes
were prepared as sulfur analogues of Tubastatin A, a well-known selective HDACG6 inhibitor. The 1,2,4,9-
tetrahydro-3-thia-9-azafluorene scaffold was synthesized via a bismuth nitrate-promoted Fisher indole synthesis.
N-Benzylation using methyl  4-(bromomethyl)benzoate resulted in the corresponding  N-(4-
methoxycarbonylbenzyl)-1,2,4,9-tetrahydro-3-thia-9-azafluorenes. Finally, the ester moiety was converted into a
hydroxamic acid by using hydroxylamine hydrochloride in the presence of methanolic sodium methoxide.
Secondly, a small library of 3-[(4-hydroxycarbamoylphenyl)aminomethyl]benzothiophenes was synthesized
starting from benzothiophene-3-carbaldehydes. Reductive amination of these carbaldehydes using 4-
aminobenzoates resulted in the corresponding methyl 4-aminobenzoate esters. In afina step the ester moiety was
converted into a hydroxamic acid by using an excess of hydroxylamine and potassium hydroxide. All compounds
were tested for their in vitro activity against HDACG6 and the most potent ones were further tested in a cellular
environment (Neuro-2a cells) for their potency to modify the acetylation level of a-tubulin.

Results: Seven novel compounds (Fig.) showed an excellent selectivity profile with nanomolar HDAC6 1Cs-
values (<100 nM) resulting in strong selectivity and activity towards HDACG6 in a cellular environment.

HN
OH

R=H,Z=S (ICs HDACS6: 15 nM)
R=F,Z=S (ICs HDAC6: 22 nM) R'=H,R?=H (ICso HDAC6: 14 nM)
R =H, Z = SO, (IC5o HDAC6: 1.9 nM) R'=H,R2=Br (ICso HDACS: 37 nM)
R=F, Z=S0, (ICso HDAC6: 3.7 nM) R'=Br,R2=H (ICso HDACB: 64 nM)

Conclusions: Two novel classes of thiaheterocyclic compounds were synthesized leading to the discovery of new
and potent selective HDACG inhibitors.
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Abstract

Purpose: Understanding how molecular structure-function characteristics relate to the electrical properties of
molecule-templated tunneling junctions is of primary importance to the realization of nanoscale electronic
devices. In this study, we made use of aliquid top electrode made of eutectic Ga-ln alloy (EGaln)[1] for probing
the transport properties across tunneling junctions obtained by contacting Self-Assembled Monolayers (SAMSs) of
conjugated molecules on template stripped Au. Compared to single molecule measurements, the use of SAMs
enable the study of bottom-up large-area junctions, an environment more similar to what could be a final
molecular electronic device.

Experimental description: EGaln-based techniques are well-established and have aready been widely used to
characterize the properties of molecular junctions comprising saturated and conjugated molecules investigating
the effect of different lengths, anchoring groups, and functionalities on the tunneling transport properties.
Anyway, few data are reported on fully conjugated systems on Au. This may be due to the difficulties encountered
when the measurements of these latter are performed under ambient conditions: large data dispersion, low current
values and lower yield of working junctions make the data analysis complex and unreliable. These problems can
be solved with an accurate control over the oxygen and humidity level during the measurement.

Results: Thanks to these favorable new conditions, we were able to determine a 3 value for a series of
oligo(phenylene ethynylene) molecular wires, observe the effect on the current density upon changing the terminal
group, and find evidences for the presence of quantum interference in the investigated systems.

Conclusions: These findings proved once again EGaln-based techniques to be extremely versatile to investigate
the transport properties of SAM-based tunneling junctions. The measurements revealed to be remarkably sensible
to the nature and the geometry of the moleculesin the junction, despite the fact that they are fast, reproducible and
easy to perform. The possibility to study the behavior of different compounds in the SAM environment (compared
to single molecule studies) helps us to better understand the possible characteristics of afinal molecular electronic
device.

Key Words: Molecular Electronics, Tunneling Junctions, Conjugation, Self-assembled monolayers, Quantum
Interference

Acknowledgements: The authors acknowledge the European Research Council for the ERC Starting Grant 33547
(MOLECSYNCON).

Correspondence: Stratingh Institute for Chemistry & Zernike Institute for Advanced Materials, Nijenborgh 4,
9747, Groningen, The Netherlands. Email: m.carlotti @rug.nl

References: [1] R. C. Chiechi, E. A. Weiss, M. D. Dickey, G. M. Whitesides, Angew. Chem. Int. Ed, 47, 142
(2008)

217



IC3TC 2015 - Proceedings

P34 (SG2) - a-Hydrazido acids as synthetic mimics of natural antimicrobial

peptides

P. Amabili, A. Civitavecchia, M. Orena, S. Rinaldi

Department of Life and Environmental Sciences. Universita Politecnica delle Marche. 60131. Ancona, Italy

Abstract

Purpose: Natural antimicrobia peptides (AMPs) are amphiphilic antibiotic molecules produced in al classes of
life that act by many mechanisms, although they behave mainly as pore formers by insertion into membrane
bilayers. However, they present too many limitations, such as cost, synthesizability in practica amounts,
proteolytic susceptibility, inefficacy in non-topical uses and development of resistance, to be considered as good
candidates in the search for new broad-spectrum antibiotics active against multiple-drug resistant (MDR) bacteria.

We present here the synthesis of amphiphilic a-hydrazido acid derivatives, which might represent new lead
compounds for the development of a new class of SMAMPs (synthetic mimics of natural antimicrobia peptides).

Experimental description: Through a short synthetic sequence exploiting only inexpensive and easily available
starting materials, we synthesized several compounds that, after removal of Boc protecting group, were submitted
to microbiological tests against different Gram-positive and Gram-negative clinical isolates. They were designed
to adopt an amphiphilic conformation by virtue of the segregation of charged (hydrophilic) and aliphatic
(lipophilic) moieties on two opposite faces (Figure 2).

o) BOC'C;LV'OH Lipophilic face
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Figure 3. Starting materials and general structure of compounds synthesized.

Results: Preliminary '"H NMR experiments and computational analysis suggest the formation of a stable
intramolecular 8-membered C=0---H-N H-bonded ring, which promotes a clear separation between hydrophilic
and lipophilic faces (Figure 2). Noteworthy, first in vitro trials against S. aureus, E. coli, E. faecalis, E. faecium
and P. aeruginosa strains with only limited subsets of lateral chains evidenced moderate to good antimicrobial
activities.

Conclusions: We performed an easy and economic synthesis of new a-hydrazido acid SMAMPs with a promising
antibacterial activity, which might be useful candidates for the development of a new class of antibiotics.

Key Words: a-hydrazido acids, mimics, AMPs, SMAMPs, antimicrobial
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