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INTRODUCTION

The MuTaLig COST Action concludes the cycle of meetings of the third year
with a special event dedicated to the activities of young investigators working in
all parties. The third WG meeting was diffused to the full list of participants,
increased up to more than 600 units. As planned in the Memoradum of
Understanding document three annual meetings (Lugano, Porto, La Valletta),
three training schools (Vienna, Siena and Hamburg) and three WG meetings
(Budapest, Tenerife and Paris) were organized in the first three grant years. More
STSM programs have been supported as well as additional European connections
have been potentiated. Novel dissemination activities were activated too.

The WG meeting in Paris is the appropriate occasion to focus mainly on the
status of the work done by young investigators, in order to properly fulfill all
issues of the COST Action basing on the second progress report. Along with 18
selected oral communications of ECI, belonging to research institutions located in
different places of the MuTalig network, according to the gender balance, 2
relevant local experts present plenary lectures and some MC members give their
stimuli too. Moreover, 40 poster communications from all four WGs complete the
scientific program. A final round table and the CORE meeting conclude the two
intense days of the third WG meeting.

As Chair of this COST Action, | want to express my gratitude especially to the
local organizer and LOS (Prof. Luc Demange, MC member for France) for his
enthusiastic work, to his local team, to the Grant Holder from University of Porto
(Prof. Fernanda Borges and Dr. Joana Maria Neves Moreira Abrantes) and to the
COST Association (Dr. Lucia Forzi, Science Officer and Dr. Svetlana Voinova,
Administrative Officer) for their efforts in the meeting organization. A special
thank is also due to the young investigator Dr. Antonio Lupia (Universita “Magna
Graecia” di Catanzaro, Italy) for the support in the organization of this abstract
book.

I wish a fruitful and stimulating WG meeting to all participants!

Stefano Alcaro

Universita “Magna Graecia” di Catanzaro (Italy)
Chair of CA15135 COST Action

alcaro@unicz.it
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PROGRAM
Friday February 22™ 2019

MuTalig Session at the Young Research Fellows Meeting, French Medicinal Chemistry Society
Moderator: Luc DEMANGE (MC member FR — LOS) - Université Paris DESCARTES (France)

15:00 - 17.30 Information at the web site www.sct-asso.fr/yrfm.html
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Saturday February 23" 2019
Registration
Introduction to the MuTaLig COST Action 3" WG meeting
Stefano ALCARO (CA15135 Chair) - Universita “Magna Graecia” di Catanzaro (Italy)
Luc DEMANGE (MC member for France and local organizer) - Université Paris DESCARTES (France)
Session | “Drug repositioning and kinase opportunities”
Moderator: David MAGRI (MC member MT) - University of Malta (Malta)
PL1 Repositioning approach to fish new multitarget bioactive molecules: Application to the
development of analogues to bisacodyl.
Maité SYLLA - Conservatoire national des arts et métiers, Paris (France)
PL2 Towards selective Kinase Inhibitors. Elucidation of their Molecular Mechanism of Action
Hervé GALONS (Editor in Chief of Eur J Med Chem) - Université Paris DESCARTES (France)

Coffee break and Poster session

Session Il “Selected WG1 and WG2 young investigators in anticancer field”

Moderator: Gilles HANQUET (MC member FR) - Université de Strasbourg (France)

OC1 Synthesis and Antagonist Study of CXCR1 and CXCR2 Receptors for Oncology Applications
Lou MATEO - Université cote d’Azur, Nice (France)

0OC2 A branching inhibitor in plants as a new antiangiogenic and antitumoral drug candidate
Paloma CARRILLO - University of Malaga (Spain)

Session Il “Selected WG1 young investigators in CNS field”

Moderator: Hoger STARK (MC member DE) - Heinrich-Heine University, Diisseldorf (Germany)
0OC3 Development of novel MTDL combining 5-HT4R agonism and antioxidant properties in
Alzheimer’s disease

Caroline LANTHIER - (CERMN), Normandie Univ, UNICAEN, Caen (France)

0OC4 Development of Dual-Target Agents Based on Piperine Scaffold

Daniel CHAVARRIA - University of Porto (Portugal)

OCS Studies on novel tacrine-donepezil hybrids with potent MTDL profile

Gulsah BAYRAKTAR - Ege University, Izmir (Turkey)

0OC6 Design and development of new chemical entities for the treatment of Parkinson disease
Francesco MESITI - Universita “Magna Greecia” di Catanzaro (Italy)

OC7 Highly Selective and Antioxidant BChE Inhibitors with Controllable Duration of Action
Showing Neuroprotective Properties in vivo

Matthias HOFFMANN - Julius-Maximilians University, Wiirzburg (Germany)

Lunch and Poster session

Session lll “Selected WG2, WG3 and WG4 young investigators”

Moderator: Emmanuel MIKROS (MC member EL) - University of Athens (Greece)
0OC8 Novel Fubinaca/Rimonabant Hybrids as Endocannabinoid System Modulators
Azzurra STEFANUCCI - “G. d’Annunzio” University, Chieti (Italy)
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0C9 Tracking the Oxypeucedanin: from ethnobotanical studies to pharmacological target

Elif ALANCAY - Ege University, lzmir (Turkey)

0OC10 Targeting metabolism and apoptosis signaling in cancer cells: a structure-based virtual
screening approach toward Hexokinase 2 inhibitors

Sara N. GARCIA - Universidade de Lisboa (Portugal)

0C11 The Mu.Ta.Lig. Chemotheca: Chemoinformatic tool for Multi-Target Drugs Identification
and Compounds Repurposing

Raffaella CATALANO - Universita “Magna Grzcia” di Catanzaro (Italy)

0C12 Funnel-Metadynamics Automated Protocol (FMAP): three steps to disclose drug
pharmacodynamics

Stefano RANIOLO - Universita della Svizzera italiana (USI), Lugano (Switzerland)

QC13 The in silico/in vitro metabolism identification of the series promising xanthine- and tert-
amylphenoxyalkyl piperidine derivatives with confirmed multi target directed activity

Gniewomir LATACZ - Jagiellonian University Medical College, Krakow (Poland)

Jazz free event (organized by the student’s associations of the Faculty of Pharmacy)
Core meeting (for the MuTalig Core group only)

Optional social activity (cruise & dinner)

Sunday February 24" 2019

Session IV: “New ideas and updates from Working Groups”

Moderator: Stefano ALCARO (CA15135 Chair) - Universita “Magna Gracia” di Catanzaro (Italy)
0C14 Zn(ll) complexes with pyridine-based thiazolyl-hydrazones as potent multi-targeting
anticancer agents

Nenad FILIPOVIC (MC substitute SR) - University of Belgrade (Serbia)

0C15 Pyridoindole compounds with multi-target effects

Magdaléna MAJEKOVA (MC member SK) - Institute of Exp Pharm and Tox, Bratislava (Slovakia)
0C16 Recent Progress on Naphthalimide Molecular Logic Gate Anticancer Agents

David MAGRI (MC member MT) — University of Malta (Malta)

0C17 Multi-Target Qualities and Ligand Pharmacology for Neurodegenerative, Cancer, and Other
Inhibitors in the Chemotheca

Alfonso T. GARCIA-SOSA (MC member EE, communication manager) - University of Tartu (Estonia)
0OC18 Isatin-Triazole Hybrids: Lymphoma Anti-Proliferation and BuChE Inbibition

Antony BURKE - University of Evora (Portugal)

Coffee break

Round table and best poster awarding ceremony

Moderator: Fernanda BORGES (CA15135 Vice-Chair) - University of Porto (Portugal)

Danijel KIKELJ (WG1 leader) - University of Ljubljana (Slovenia)

Eugenio GAUDIO (WG2 leader) - Oncology Research Institute, Bellinzona (Switzerland)

Sharon BRYANT (WG3 leader) - Inte:Ligand GmbH, Vienna (Austria)

Hanoch SENDEROWITZ (WG4 leader) - Bar-llan University, Ramat-Gan (Israel)

Alfonso T. GARCIA-SOSA (MC member EE, communication manager) - University of Tartu (Estonia)
Maria Laura BOLOGNESI (STSM coordinator) - “Alma Mater” Universita di Bologna (Italy)
Concluding remarks
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Plenary Lecture 1

Repositioning approach to fish new multitarget bioactive molecules: application to

the development of analogues to Bisacodyl

Maité Sylla lyarreta Veitia ®

? Equipe de Chimie Moléculaire du Laboratoire de Génomique Bioinformatique et Chimie Moléculaire,
GBCM, EA7528, Conservatoire national des arts et métiers (Cnam), 2 rue Conté, 75003 Paris, France.

maite.sylla@lecnam.net

The discovery and development of new drugs is a lengthy, expensive and financially risky process. Currently,
pharmaceutical companies implement new approaches from existing drugs, in order to accelerate the discovery of
interesting leads with relatively low costs and decrease risks. Drug repositioning allows the development of new
indications for existing drugs with identified pharmacokinetic profiles, known safety profile, already resolved

manufacturing issues. [1-3]

Herein we described in silico repositioning, design, synthesis, biological evaluation and structure-activity relationship
of an original class of anti-inflammatory agents based on a polyaromatic pharmacophore structurally related to
bisacodyl (BSL) drug used in therapeutic as laxative. We describe the potential of TOMOCOMD-CARDD methods to
find out new anti-inflammatory drug-like agents from a diverse series of compounds using the total and local atom
based bilinear indices as molecular descriptors. The models obtained were validated by biological studies, identifying
BSL as the first anti-inflammatory lead-like using in silico repurposing from commercially available drugs. Several
biological in vitro and in vivo assays were performed in order to understand its mechanism of action. A set of
analogues of BSL was prepared using low-cost synthetic procedures and further biologically investigated in zebrafish
models. The obtained results defined these compounds as new promising anti-inflammatory agents for further
preclinical development. [4] The antibacterial activity of a new series of triarylmethane analogues of BSL is also
presented. Compounds were evaluated against Gram-positive and Gram-negative foodborne pathogens and the

promising results showed that synthesized compounds exhibit a higher bacteriostatic activity. [5]
References

! Wermuth, C.G. J. Med. Chem., 2004, 47(6), 1303-1314.
2LT. Friedhoff, J. Dailey, Eur. Neuropsychopharm., 2015, 25, 1035-1038.

* J.W. Scannell, A. Blanckley, H. Boldon, B. Warrington, Diagnosing the decline in pharmaceutical R&D efficiency, Nat
Rev Drug Discov, 2012, 11, 191-200; C.A. Lipinski, Drug Discov. Today: Therapeutic Strategies, 2011, 8, 57-59.

M. Sylla-lyarreta Veitia, D. Siverio-Mota, V. Lerari, M. Marin, R. M. Giner, F. Dumas, C. Ferroud, L. Vicet-Muro, Y.
Rivero-Guerra, P. A. M. de Witte, A. D. Crawford, V. J. Aran and Y. Marrero-Ponce. Curr. Top. Med. Chem., 2017,
17(25), 2866-2887,

> Goérmen, M; Sylla lyarreta Veitia, M; Trigui, F; El Arbi, M; Ferroud, C, Organomet Chem. 2015, 794, 274-281.



MuTalLig COST ACTION CA15135
3rd WG meeting 2019
Paris (France), February 23-24 2019

BOOK of the ABSTRACTS /\

Plenary Lecture 2

Towards selective kinase inhibitors. Elucidation of their molecular mechanism of
action

Galons Hervé
INSERM U1022, Paris Descartes University, 4, avenue de I’Observatoire, 75006 Paris, France

herve.galons@parisdescartes.fr

The development of precision medicine is boosting the kinase inhibitor field. Not less than 7
kinase inhibitors were approved by the FDA in 2018, adding to the 4 which reached the market in
2017. Cyclin despendent kinase (CDKs) have recently attracted interest as 3 CDK4/CDK®6 inhibitors have
been approved against estrogen positive breast cancer’. In Manros-Therapeutics, we are conducting a
phase lla clinical test with (R)-Roscovitine (CYC202, Seliciclib) in the treatment of cystic fibrosis®.

New series of compounds were designed based on crystal structure determinations of kinase-inhibitor
complexes®. Their molecular mechanism of action was investigated through affinity chromatography
assays. The probes prepared to identify molecular targets were also useful for a better understanding of
the mechanism of targeted diseases.” These experiments guided us in the search of new inhibitors with
distinct inhibition profiles. This led to the discovery of selective compounds. In particular, following
a kinome scan against 250 kinases, selective inhibitors of CDK7 were discovered. CDK7 is a promising
target as this kinase controls CDK2, CDK4, CDK6 and transcription. Unexpectedly, this series of compounds
exhibited anti-angiogenic activity. Several of them were found more antiangiogenic than Sunitinib.

References

'Sherr, C.J.; Beach, D.; Shapiro, G.l.; Targeting CDK4 and CDK6: From Discovery to Therapy. Cancer
Discovery 2016; 6, 353-67.

2Meijer , L.; Nelson D.J.; Riazanski, V.; Gabdoulkhakova, A.G; Hery-Arnaud, G; Le Berre, R; Loaéc, N; Oumata
N.; Galons, H.; Nowak, E.; Gueganton, L.; Dorothée, G.; Prochazkova, M.; Hall, B.; Kulkarni, A.B.; Gray, R.D.;
Rossi, A.G.; Witko-Sarsat, V.; Norez, C.; Becq, F.; Ravel, D.; Mottier, D.; Rault. G. J Innate Immun. 2016; 8,
330-49.

3El Hage, K.; Piguemal J-P., Oumata, N.; Meijer, L.; Galons, H.; Gresh, N. A Simple Isomerization of the
Purine Scaffold of a Kinase Inhibitor, Roscovitine, Affords a Four- to Seven-Fold Enhancement of Its Affinity
for Four CDKs. Could This Be Traced Back to Conjugation-Induced Stiffenings/Loosenings of Rotational
Barriers? ACS Omega 2017; 2, 3467-3474.

*Delehouzé, C.; Godl, K.; Loaéc, N.; Bruyére, C.; Desban, N.; Oumata, N.; Galons, H.; Roumeliotis, T.I.;
Giannopoulou, E.G.; Grenet, J.; Twitchell, D.; Lahti, J.; Mouchet, N.; Galibert, M.D.; Garbis, S.D.; Meijer, L.
CDK/CK1 inhibitors roscovitine and CR8 downregulate amplified MYCN in neuroblastoma cells. Oncogene.
2014 ;33,5675-87.
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Short communication 1

Synthesis and Antagonist Study of CXCR1 and CXCR2 Receptors for Oncology

Applications

Lou MATEO,” Rachid BENHIDA?, Luc DEMANGE,” Cyril RONCO,’? Gilles PAGES,” Maéva DUFFIES,".

% Institut chimie de Nice, Université cote d’Azur, 28 avenue Valrose 06100 Nice, FRANCE.
b Institute for Research on Cancer and Aging of Nice, IRCAN UMR CNRS 728 INSERM U1081, Université Céte
d’Azur, Nice, France
lou.mateo@univ-cotedazur.fr

The current anti-angiogenic therapies fail to fully eradicate cancer cells, since the tumors always relapse after an initial
period of clinical benefit. Therefore, new therapeutic approaches are urgently needed to overcome drug resistances.
In this context, our project aims at developing news antagonists of CXCR1 and CXCR2 receptors, to interfere with the
ERL+CXCL cytokines signaling pathway.1 This strategy will concomitantly tackle inflammation and angiogenesis.

The rational design and the synthesis of a series of new CXCR1 and CXCR2 antagonists, structurally-related to SB-

225002, a CXCR antagonist developed by GSK,” led us to obtained two potential hits, MCK 133 and MCK140.

osky
Br H H OH o Cl

N N o (o)

hil ~ s_ )-NH O,N s.  )—NH
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Compound 58225002 Compound MCK133 Compound MCK140

1C5, > 90 uM (786-0) IC 5 uM (786-0) IC 2 uM (786-0)

Figure 1: 1C5, of compound SB225002 and the two potential hits MCK133 and MCK140.

These molecules exert in vitro cytotoxic effects against a panel of human solid

o &
tumors and hematological malignancies, but they are less toxic against healthy cells 0.8+ “6 &

(human fibroblasts). On the other hand, the compound MCK140 reduces HUVECs .?o,s. .

motility by specifically interfering with its CXCR1/2 receptors, highlighting its g’o_,,_ _-_of:_r .
antiangiogenic potential. Lastly, MCK140 reduces in vivo tumor growth in mice go.z- _:.I‘___
xenografted with aggressive human A-498 kidney cancer cell line by more than 30% i "

0.0 T T
cT 140

(Figure. 2). Figure 2: Evaluation of the tumor

growth in presence of MCK140.
Based on these encouraging results, the main objective of my PhD is to design, develop, and synthesize new
CXCR1/CXCR2 antagonists, with a special emphasis on the improvement of the aqueous solubility and the
pharmacokinetics properties. In particular, chemical functions bioisosteric of the urea have been designed.
References

1Vandercappellen, J.; Van Damme, J.; Struyf, S. The role of CXC chemokines and their receptors in cancer. Cancer Lett,
2008, 267, 226-244.
2 Campbell, L.M. et al. Pharmaceuticals, 2013, 6, 929-959.
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Short communication 2

A Branching Inhibitor in Plants as a New Antiangiogenic and Antitumoral Drug

Candidate

Paloma Carrillo®, Beatriz Martinez-Poveda®, Miguel Angel Medina®®, Ana R. Quesada®”

? University of Malaga, Andalucia Tech, Department of Molecular biology and Biochemistry, Faculty of
Sciences, Campus de Teatinos sn, Mdlaga, Spain

b U741 (CB06/07/0046) CIBER de Enfermedades Raras, Mdlaga, ES
pcarrillo@uma.es

An increased formation of new blood vessels caused by a persistent and deregulated activation of angiogenesis is
related to diseases such as proliferative retinopathies, psoriasis, diabetes, rheumatoid arthritis or cancer. For this
reason, angiogenesis inhibition is an attractive target in cancer and other angiogenesis-dependent diseases”.
Strigolactones, plant hormones derived from carotenoids that are involved in the inhibition of root branching and
sprouting, have shown great potential in cancer prevention and therapyz. In this work, we have investigated the

antiangiogenic and antitumoral potential of GR24, a synthetic analogue of strigolactones.

Our results show that GR24 inhibits the growth of endothelial and tumor cells in vitro. This strigolactone is a
multitarget angiogenesis inhibitor, interfering several key steps of the angiogenic process in vitro such as proliferation,
migration and differentiation of endothelial cells, and inhibiting the activation of the vascular endothelial growth
factor receptor VEGFR2. GR24 affects the endothelial cytoskeleton organization and induces changes in the expression
levels of adhesion proteins. In the in vivo tests, GR-24 shows a great inhibitory effect on the formation of blood vessels
in the chicken chorioallantoic membrane and on Danio rerio, both in the formation of intersegmental vessels in
embryos and in the caudal fin regeneration in adults. Taken together, these results suggest that GR-24 may be a

promising new multitarget compound for the treatment of cancer and other angiogenesis-dependent diseases.

Our work is supported by grants PIE P12-CTS-1507 (Andalusian Government and FEDER) and BlI02014-56092-R
(MINECO and FEDER). The “CIBER de Enfermedades Raras” is an initiative from the ISCIII (Spain).

References

1O\uesada, A.R.; Medina, M.A.; Mufioz-Chépuli R.; Ponce, A.L. Do not say ever never more: the ins and outs of
antiangiogenic therapies. Curr Pharm Des. 2010,16(35), 3932-57.

2 Mayzlish-Gati, E. et al. Strigolactone analogs act as new anti-cancer agents in inhibition of breast cancer in xenograft
model. Cancer Biol. Ther. 2015, 16, 1682—-1688.
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Short communication 3

Development of novel MTDL combining 5-HT4R agonism and antioxidant

properties in Alzheimer’s disease.

Caroline Lanthier *®, Cédric Lecoutey?, Julien Lalut?, Marc Since®, Audrey Davis®, Maria-Laura Bolognesi®,

Patrick Dallemagne®, Christophe Rochais®.

? Centre d’Etudes et de Recherche sur le Médicament de Normandie (CERMN), Normandie Univ, UNICAEN,
14000 Caen, France.

b Department of Pharmaceutical Sciences, University of Bologna, Via Belmeloro 6, 40126 Bologna, Italy.
caroline.lanthier@unicaen.fr

In a world where life expectancy is increasing, Alzheimer disease (AD) is the main cause of dementia,

and touch approximatively 17% of people who are more than 75 years in France. This is a progressive
neurodegenerative disorder characterized by memory loss and cognitive decline. Despite the fact that the
physiopathology of AD is not entirely known at the time, some molecular causes were found such as the B-
amyloid peptides aggregation, tau-dependent neurofibrillary tangles, as well as oxidative stress and
neuroinflammation. Currently, treatments available for patients are mainly acetylcholine esterase (AChE)
inhibitor, which only have symptomatic benefits and do not cure AD. Then there is still a strong medical need in
the AD population.
In this context, the concept of Multi-Target Directed Ligands (MTDLs) was applied to design a drug with several
therapeutic targets. The envisaged MTDL (Targeted structure — fig 1) should be able in first hand, to limit the
development of B-amyloid plaques obtained by the aggregation of B-amyloid peptides (AR). Our compounds are
designed to promote the cleavage of amyloid protein precursor (APP) by a -secretase activation in order to
produce a neuroprotective and soluble peptide sAPPa. This is the role of the 5HT,R agonists (blue part — fig 1.)
which are already studied in the CERMN in other MTDL projects and led to the discovery of Donecopridel. In
another hand, it appears that the oxidative stress has a central role in AD’. Adding antioxidant moiety such as
polyphenol, lipoic and ferulic acid (red part- fig 1.) could trap free radicals or reactive oxygen species (ROS) and
also have neuroprotective effect. This aspect has been widely studied in Prof. Maria-Laura Bolognesi’s laboratory
over the yearsa. To that end, different compounds will be designed and synthesized, with both the expertise of
CERMN and Prof Maria-Laura Bolognesi, in order to evaluate their in vitro/in vivo properties regarding their
agonist activity on 5-HT4R and antioxidant properties. The first promising results of the chloroaniline’s moiety
line will be described in this poster.

Senile plaques
Formed by R-amyloid peptides

o Oxidative stress

Figure 1. Targeted structure, with 5-HT,R agonist moiety in blue and antioxidant moieties in red.
References

'Rochais, C. et al. J. Med. Chem., 2015, 58, 3172-3187.
? Rosini, M. et al. J. Med. Chem., 2014, 57, 2821-2831
3 Bolognesi, M-L. et al. J. Med. Chem., 2009, 52, 7883-7886
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Short communication 4

Development of Dual-Target Agents Based on Piperine Scaffold

Daniel Chavarria,® Carlos Fernandes, ® Fernando Cagide,? Fernando Remiz“ao,b Paulo Jorge Oliveira® and
Fernanda Borges®

? CIQUP/Department of Chemistry and Biochemistry, Faculty of Sciences, University of Porto, 4169-007
Porto, Portugal.

® UCIBIO-REQUIMTE, Laboratory of Toxicology, Department of Biological Sciences, Faculty of Pharmacy,
University of Porto, Porto, Portugal.
© CNC — Center for Neuroscience and Cell Biology, University of Coimbra, UC-Biotech Building, Biocant Park,
Cantanhede, Portugal.
danielfchavarria@gmail.com

Alzheimer’s disease (AD) is a progressive and multi-factorial age-related disorder characterized by the loss of
memory and cognitive functions”. Despite the unclear molecular mechanisms involved in the pathogenesis of AD,
numerous targets for potential therapeutics have been identified”. These include, among others, the decline of
cholinergic transmission and oxidative stress?, as well as mitochondrial dysfunction in particular, a process that
precedes the establishment of tau and amyloid beta pathologies4 and contributes to the synaptic degenerations.
Given the multifactorial nature of AD, the modulation of several targets using multitarget directed ligands may enable
the desired therapeutic outcome”. Therefore, reducing mitochondrial injury may have beneficial effects on neuronal
dysfunction and cognitive decline observed in AD patients.

As part of our drug discovery program and following an AD multi-target strategy, novel piperine-based
mitochondriotropic antioxidants endowed with cholinesterase inhibitory activity were designed (Figure 1).

o [0}
X X ©
SO -io

Piperine

Figure 1: Chemical structure of piperine and derivatives thereof.

Lipophilic triphenylphosphonium conjugates based on piperine were successfully synthesized. The
antioxidant profile was assessed using fluorometric and cell-based assays. In addition, the Ellman assay was used to
evaluate the acetylcholinesterase and butyrylcholinesterase inhibitory activity and the mechanism of action of the
compounds under study. The results obtained so far will be presented in this communication.

Acknowledgements: This project was supported by Foundation for Science and Technology (FCT) and FEDER/COMPETE (Grants
UID/QUI1/00081/2015, POCI-01-0145-FEDER-006980, and NORTE-01-0145-FEDER-000028). D. Chavarria, C. Fernandes and F. Cagide grants were also
supported by FCT, FEDER/COMPETE and NORTE-2020 funds.

References:

! Guzior, N.; Wieckowska, A.; Panek, D.; Malawska, B. Curr Med Chem 2015, 22, 373-404.

2 Ismaili, L.; Refouvelet, B.; Benchekroun, M.; Brogi, S.; Brindisi, M.; Gemma, S.; Campiani, G.; Filipic, S.; Agbaba, D.;
Esteban, G.; Unzeta, M.; Nikolic, K.; Butini, S.; Marco-Contelles, J. Prog Neurobiol 2017, 151, 4-34.

3 Oliveira, C.; Cagide, F.; Teixeira, J.; Amorim, R.; Sequeira, L.; Mesiti, F.; Silva, T.; Garrido, J.; Remiao, F.; Vilar, S.;
Uriarte, E.; Oliveira, P. J.; Borges, F. Front Chem 2018, 6, 1-17.

4 Yao, J.; Irwin, R. W.; Zhao, L.; Nilsen, J.; Hamilton, R. T.; Brinton, R. D. PNAS 2009, 106, 14670-14675.

> Cai, Q.; Tammineni, P. J Alzheimers Dis 2017, 57, 1087-1103.
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Short communication 5
Studies on novel Tacrine-Donepezil hybrids with potent MTDL profile

Giilsah BAYRAKTAR,? Siiliinay PARLAR ?, Donatella Bagetta b, Francesco Ortuso b, Stefano Alcaro b, Vildan

ALPTUZUN.?

? Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Ege University, IZMIR, TURKEY

® Department of Health Science, “Magna Graecia” — University of Catanzaro, Catanzaro, ITALY

bayraktargulsah@gmail.com
gulsah.bayraktar@ege.edu.tr

Alzheimer’s disease (AD), is a neurodegenerative disease characterized by various pathologic pathways. The oldest
theory regarding AD pathophysiology is the cholinergic hypothesis, relies on decreased Ach levels at the synaptic cleft.
Apart from this, there are several other pathways in the pathology of AD including formation and accumulation of
toxic amyloid-B (AB) plaques, neurofibrillary tangles (NFT), oxidative stress, metal ion dyshomeostasis, inflammation,

1,2
etc ™.

Tacrine, donepezil, rivastigmine, and galantamine are AChE inhibitors approved by FDA for the symptomatic
treatment of AD. Considering the complex pathology of the disease, it is essential to target more than one

pathological pathway with one molecule to obtain disease modifying effect 23

In our previous study, benzylpiperidine moiety of donepezil and tacrine were selected as core structures and merged
with hydrazone functional group to aim dual inhibition of AChE as well as inhibition of AR aggregation and metal
complex formation properties. Considering all these data, newly synthesized hybrids showed a promising MTDL profile
against AD. As lead-like structures should possess drugability properties in order to attain a certain degree of
therapeutic efficacy and avoid poor pharmacokinetics, low bioavailability, high toxicity, etc., ADME properties of the
title compounds were investigated theoretically to obtain bioavailability and BBB permeability profiles of the

compounds. Docking studies were performed on the selected compounds with both AChE and BuChE.
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Design and development of new chemical entities for the treatment of Parkinson disease

F. Mesiti,l’z* A. Gasparl, D. Chavarria®, T. Silva®, S. Alcaro?, F. Borges1

IclQuP/Department of Chemistry and Biochemistry, Faculty of Sciences, University of Porto, Porto, Portugal;

2 Department of “Scienze della Vita”, University “Magna Graecia” of Catanzaro, 88100 Catanzaro, Italy;

francesco.mesiti@hotmail.it

Parkinson’s disease (PD) is an age-related neurodegenerative illness characterized by four cardinal motor features
(bradykinaesia, rigidity, resting tremor and postural instability) and several non-motor symptomsl. Although the
depletion of dopamine is described as the key neurochemical impairment in PD, significant deficits in cholinergic
transmission have been associated with the cognitive decline and gait dysfunction L

Currently, the clinical management of PD is symptomatic and mainly based on restoring dopamine levels”. However,
as a significant deficit in cortical acetylcholinesterase activity has been described it was hypothesized that AChE
inhibitors can be beneficial to manage the non-motors symptoms associated to the disease. Rivastigmine has been
licensed by FDA for the treatment of patients with mild to moderately severe dementia associated with PD, although
several lines of evidence have also pointed out clinical benefits for donepezil and galantaminel.

Taken into account PD multifactorial nature and the need of disease-modifying drugs our group started a project
focused on the design and development of dual-target-directed ligands aimed to restore dopamine and cholinergic
levels. As chromone and coumarin scaffolds were validated as MAO-B or AchE inhibitors®® the first step of our project
was aimed to identify the key structural of benzopyrone ring important for each activity and attain novel hybrid
chemical templates which can be of great value in surmounting the paucity of effective disease-modifying agents in

the pipeline of PD. The results obtained so far will be presented in this communication.
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Highly Selective and Antioxidant BChE Inhibitors with Controllable Duration of

Action Showing Neuroprotective Properties in vivo
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Previous studies could show that both, antioxidant properties as well as inhibition of BChE can improve cognition in in
vivo studies of dementia.”™ Therefore, hybrid molecules combining the features above might offer opportunities for

over-additive pharmacological effects.

In this study, we present highly selective and nanomolar carbamate-based inhibitors of hBChE which exhibit high
antioxidant properties in vitro. We synthesized a set of compounds bearing a) an antioxidant carrier scaffold, and b) a
carbamate residue with different heterocyclic amines (e.g., morpholine, tetrahydroisoquinoline, benzimidazole,
piperidine) connected via alkylene spacers (2 to 10 methylene groups) probing a peripheral binding site (PAS) in
hBChE. The inhibitors were characterized in vitro for inhibitory potency, binding kinetics, carbamate re-hydrolysis off
the enzyme, and neuroprotectant properties. Not only selectivity for BChE over AChE is achieved, but the results also
confirm the existence of a peripheral binding site yielding short, medium and long-acting nanomolar hBChE inhibitors
(ranging from the half-life of 1 to 28 h of carbamoylated enzyme). The long-binding inhibitor B (figure) shows in vivo
neuroprotective properties already at a dose of 0.3 mg/kg in a mouse model of Alzheimer’s disease (AD) outreaching
lead compound A (figure). These findings suggest a significant benefit of hybrids combining BChE inhibition and

antioxidant properties for disease-modifying treatment of AD.
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Figure 1: Optimization of short-acting BChE inhibitor A*®to long-acting morpholine compound B improves in vivo

neuroprotective properties
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Novel Fubinaca/Rimonabant Hybrids as Endocannabinoid System Modulators

Azzurra Stefanucci,? Giorgia Macedonio,? Szabolcs Dvorécské,szaba T('jmb('jly,b Adriano Mollica®

? Department of Pharmacy, “G. d’Annunzio” University of Chieti-Pescara, Via dei Vestini 31, 66100 Chieti,
Italy.

® Institute of Biochemistry, Biological Research Centre of the Hungarian Academy of Sciences, Temesvdri krt.
62. 6726 Szeged, Hungary.
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The discovery of novel modulators of the cannabinoid system is a current topic in medicinal chemistry.l’2 Here we
report the design and synthesis of nine chemical entities (LONI 1-9) as hybrids of Fubinaca family compounds and
Rimonabant, obtained by linking the 1-benzyl-2,5-dichloroindazole-3-carboxylic acid scaffold to different amino acids
bearing a hydrophobic side chain and three different C-terminus (Figure 1). In vitro biological tests were performed to
evaluate their cannabinoid activity by receptor binding assays and [3SS]GTPvS stimulation to reveal their affinity and
potency. We found that all the novel compounds are able to bind to the cannabinoid receptors in the low nanomolar
range with a marked selectivity towards the CB1 cannabinoid receptor. Some of them are full agonists, whereas the
others act as partial agonists. These molecules could be potentially used as anti-obesity agents, antiemetic and

analgesics.
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Figure 1. Structures of Lonidamine hybrids and related compounds ADB-FUBINACA, AB-FUBINACA.
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Tracking the Oxypeucedanin: from ethnobotanical studies to pharmacological

target
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Ethnobotanical studies show that Prangos roots are traditionally used as an aphrodisiac in Anatolia (1). We found that
oxypeucedanin (oxy) is the major compound in the chloroform extract of the roots of P. pabularia by HPLC analysis,
which is an endemic species of Prangos (Umbelliferae) in Turkey.

A new gasotransmitter Hydrogen sulfide (H,S) has been shown to play a role in erectile function (2). Thus we
investigated first whether extract of the roots of P. pabularia and oxy increase erectile function through
vasorelaxation in mice penile tissue and if so the role of H,S in these effect. Because both H,S (2) and oxy share similar
therapeutic potential in oxidative stress, inflammation and inhibition of cholinesterase enzyme (3).

Air dried roots of P. pabularia were extracted with hexane, chloroform and methanol sequentially. Pharmacological
studies were performed on chloroform extract of the plant. Erectile function of mice penile tissue was evaluated by
vasorelaxation response measured by DMT strip myograph. Aminooxyacetic acid; AOAA CSE and CBS dependent
enzyme inhibitor of H,S synthesis was used to investigate the role of H,S. We found that P.Pabularia (10'7—10‘4 g/mL,
n=6) and oxy (107- 10 M, n=10) caused relaxation in mice corpus cavernosum precontracted with phenylephrine
(3x10°-10) compared to vehicle (n=4). P. pabularia or oxy induced vasodilatations were significantly inhibited by
AOAA (10 mM, 30 min. n=3 and 6)(Emax=74.28 + 3.93 vs 47.91+3.73 and 70.32+ 2.95 vs 47.02%7.16, extract and oxy
with or without AOAA respectively, P<0.001, 2 way ANOVA).

We also examined effect of oxy (100 uM, 30 minutes, n=5) on basal and L-cysteine (L-cyst; 10 mM) stimulated H,S
formation in the presence or absence of; AOAA (10 mM, after oxy treatment, n=5) in mouse penile homogenates by
an amperometric H,S microsensor for 30 minutes at 37°C (UnisenseA/S, Aarhus, Denmark). Oxy caused a significant
increase in H,S formation induced by L-cysteine but not in basal condition (E..= 33.77+1.34 and 40.93+2.32, L-cyst
control and oxy, respectively, P<0.05, Unpaired T test L-cyst control vs oxy). L-cysteine-induced augmentation of
endogenous H,S formation was reversed back by H,S synthesis inhibitor AOAA significantly (E..,=13.07+0.733,
P<0.001, Unpaired T test, oxy vs AOAA)

We found that chloroform extract of the roots of P. pabularia and its major component oxy cause very well
vasorelaxation in penile tissue, suggesting a potential in treatment of erectile dysfunction. Further our result
demonstrated that both extract and major component have a capability to induce L-cysteine induced H,S formation.
Since H,S has several physiological and pharmacological effects, our result may lead further studies to investigate the
effect of extract of P.pabularia and oxy in other pathological conditions where H,S is beneficial, such as myocardial
infarction, diabetes, and hypertension.

Acknowledgement: We thank TUBITAK (Grant no: 117s116) for the financial support and #114s448 as a grant allowing
to join MuTalig COST Action.
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Targeting metabolism and apoptosis signaling in cancer cells: a structure-based

virtual screening approach toward Hexokinase 2 inhibitors
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Glucose is regarded as the main fuel of cancer cells and the glycolytic pathway has been demonstrated as a potential
target to be explored for cancer treatment. Several enzymes involved in glycolysis are overexpressed in different types
of cancer cells, namely hexokinase 2 (HK2)1. This enzyme is not only involved in the first and most determinant step of
glycolysis and subsequently in the different branched pathways2,3, but also in the immortalization of cancer cells.
When catalytically active, HK2 is able to bind to the voltage-dependent anion channel (VDAC) in the mitochondrial
outer membrane, avoiding the normal pro-apoptotic signaling. HK2-VDAC disruption would facilitate the binding of
pro-apoptotic proteins to VDAC, promoting the enhancement of apoptosis in cancer cells4.

Therefore, the inhibition of the HK2 catalytic centre is proposed as a strategy to reduce the main source of energy to
cancer cells, thus substantially decreasing cancer cell proliferation and preventing HK2 binding to VDAC, enhancing the
apoptosis process. As an effort to find hit compounds able to interfere with the HK2 catalytic centre, a structure-
based drug design strategy was implemented, leading to the virtual screening of several general databases such as
DrugBank (~2000 molecules), NCI (~¥265 000 molecules), Mu.Ta.Lig Chemotheca (~800 molecules) and some specific
natural product databases such as Ambinter (~10 000 000 molecules) and Inter Bio Screen Natural Products (~84 000
molecules). The virtual screening was carried out using molecular docking calculations through Gold 5.20 software.
Molecules were prepared using Molecular Operating Environment (MOE2016 0802) and then docked into the HK2
catalytic site. Prior validation of the above-mentioned protocol was conducted, by testing different three-dimensional
(crystallographic) HK2 structures, the amino acids at the catalytic pocket centre, scoring functions and catalytic pocket
radius. Our results have suggested 2981 molecules with the potential to act as new HK2 inhibitors. From those, 50

compounds were selected to progress to biochemical evaluation.
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The Mu.Ta.Lig. CHEMOTHECA: chemoinformatic tool for Multi-Target drugs
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The use of multi-target drugs against multiple selective targets have shown promising potential in facilitating drug
discovery due to the better profiles of therapeutic efficacy and safety.1 The Mu.Ta.Lig Chemotheca was developed
within the COST ACTION CA15135 framework. It is focused on the identification of multi-target ligands and
compound-repurposing, stimulating new collaborations between researchers while saving intellectual property of all
involved researchers. The Chemotheca is accessible on the web (http://chemotheca.unicz.it) either by REGISTERED
and GUEST users with different level of offered functionalities (Figure 1). The database permits registered users only,
to upload their own data and to use the advanced search interface, with highly customizable filter criteria, storable
and loadable for next searches. Instead, guest access only provides basic information such as compound IDs and

related 2D or 3D chemicals structures.

Ccosl

Virtual Chemotheca HMG

Figure 1: registration form to the Virtual Chemotheca.

All Chemotheca data are stored in a MySQL database. An ad hoc developed Python code computes 90 molecular
descriptors, including physico-chemical and ADME properties as well as substructure-based PAINS evaluations for

each new uploaded compound.
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Funnel-Metadynamics Automated Protocol (FMAP): three steps to disclose drug
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Predicting the thermodynamic properties of the binding process of a drug to its molecular target is of primary
relevance to shed light on its mechanism of action and develop new medications. In 2013 our group developed
Funnel-Metadynamics (FM).1 Using FM the ligand binding mode and the accurate estimate of the absolute protein-
ligand binding free energy are provided within an affordable computer time. From its development FM has been
successfully used by different groups to study ligand/protein and ligand/DNA binding complexes, identifying

crystallographic binding modes and predicting experimental binding free energies.l‘5

The rapid diffusion of FM and the feedback from the users prompted us to develop the Funnel-Metadynamics
Automated Protocol (FMAP) that is presented in this talk. FMAP allows disclosing in three steps the whole
pharmacodynamics process of a drug to its molecular target, from its unbound state to its final binding mode. FMAP
makes use of a graphical user interface (GUI) that allows the interactive preparation of the input files for the FM
simulation and the interactive analysis of the results. The GUI guides even inexpert investigators through a step-by-
step procedure that is composed of 3 phases: pre-processing, simulation, and post-processing. The final outcome of
FMAP is the identification of the ligand binding mode, the metastable states found during the ligand binding
mechanism and the accurate estimate of the ligand binding free energy.In conclusion, FMAP is an accurate, flexible

and user-friendly protocol that is expected to impact computer-aided drug design studies in the near future.
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The in silico/in vitro metabolism identification of the series promising xanthine-
and tert-amylphenoxyalkyl piperidine derivatives with confirmed Multi Target

Directed activity

Gniewomir Latacz,® Dorota tazewska,? Agnieszka Olejarz-Maciej,? Michat Zatuski,? Christa E. Miller,®

Katarzyna Kie¢-Kononowicz®

“Department of Technology and Biotechnology of Drugs, Faculty of Pharmacy, Jagiellonian University
Medical College, Medyczna 9, Krakéw 30-688, Poland

bPharmacenter Bonn, Pharmaceutical Institute, Pharmaceutical Chemistry I, University of Bonn, An der
Immenburg 4, 53121 Bonn, Germany

glatacz@cm-uj.krakow.pl!

The series of new xanthine- and tert-amylphenoxyalkylamine piperidine derivatives were synthesized and their Multi
Target Directed activities as A;/A,, adenosine receptor antagonists/MAO-B inhibitors (xanthines) and H; receptor
antagonists/MAO-B inhibitors (piperidines) were confirmed."” As very important part of the performed studies the
metabolic stability and the metabolic pathways of the most active compounds were determined. The compounds
were examined first using MetaSite 4.1.1 software to calculate the most likely sites of metabolism. In the next step the
examined Multi Target Directed Ligands (MTDLs) were incubated for 2 h with human (HLMs) or rat liver microsomes
(RLMs). The UPLC/MS of the reaction mixtures and ion fragments analyses of the obtained metabolites allowed with
support of the in silico data to identify the metabolic stability and probable metabolic pathways of tested MTDLs. The
metabolic stability of xanthine derivatives differed depending on the structures and was found to be from excellent to
moderate. The metabolic pathways were determined to include hydroxylation, dealkylation, dehydrogenation,
dealkylation and deamination followed by oxidation. The tert-amylphenoxyalkylamine piperidine derivatives showed
from moderate to good metabolic stability with the hydroxylation at tert-amyl substituent as most frequently
occurring metabolic biotransformation. Our studies have shown in silico preliminary metabolism prediction as very
useful tool for appropriate interpretation of the in vitro results. Moreover, the obtained data will be helpful for the
future design of new xanthine- and piperidine- derivatives with MTD activity and desired high metabolic stability.

Financial support by: Jagiellonian University statutory funds K/ZDS/007121 is kindly acknowledged
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Zn(ll) complexes with pyridine-based thiazolyl-hydrazones as potent multi-
targeting anticancer agents
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In our previous study we demonstrated potent anticancer activities and dual targeting nature of benzylidene-based
selenazolyl—hydrazones.1 In this work, we prepared unprecedented Zn(ll) complexes of their pyridine-based sulfur
analogues (L1-L3, Fig. 1) starting from two Zn salts. Single crystal X-ray diffraction analysis revealed that, among six
novel complexes, geometry of the central metal ion is an octahedral in five complexes, while in the case of complex
obtained from L1 and zinc chloride the geometry is trigonal-bipyramidal. In a preliminary cytotoxicity screening
against several human solid tumor cell lines, all complexes showed Glsy values in the range 2—-4 uM, being much more
potent in comparison to the corresponding ligands. Computational methods have been used to indicate possible

anticancer targets.
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Figure 1: Structure of pyridine-based thiazolyl-hydrazones L1-L3.
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Pyridoindole compounds with multi-target effects
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Fifteen years ago, a group of 82 pyridoindole derivatives was designed and synthesized at the Institute of
Experimental Pharmacology and Toxicology of Slovak Academy of Sciences. The original goal was to enhance the
antioxidant properties of the original compound stobadine (4aR,9bS isomer of carbidine) and to obtain a possible drug
candidate for the treatment of brain injury. The excellent antioxidant and neuroprotective properties were observed
for a number of congeners. The group was virtually screened for the specific therapeutic effects and later new
substituents were introduced in order to hit specific targets. Some compounds were tested by in vivo model
experiments. The promising results were obtained in the prevention of diabetic complications, protection of vascular
injury and suppression of depressive-like behavior. Good pharmacodynamics behavior in animal experiments proved
also the satisfactory bioavailability of these compounds. Here we bring a survey of the most important properties of

this group from the point of view of theoretical study.

Hexahydropyridoindoles Tetrahydropyridoindoles

Figure 1: Structure of pyridoindole compounds
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Recent Progress on Naphthalimide Molecular Logic Gate Anticancer Agents
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Compounds with naphthalimide (benz[de]isoquinolin-1,3-diones)1 and ferrocene’ moieties are potential multi-ligand
target agents. Our aim is to develop novel naphthalimide-ferrocene derivatives as fluorescent markers for cell
imaging3 and as potential therapeutic cancer agents.1 The molecules are rationally designed to detect two or more
analytes (or potential targets) according to Boolean algebra functions (i.e. AND, OR, XOR, INH etc.) and report
successful multi-detection by fluorescence emission. Our series of naphthalimide-based molecules incorporate a
secondary or tertiary amine, which is susceptible to protonation for improved water solubility, and a ferrocenyl
moiety for promoting redox chemistry.4 In this presentation, the importance of field effects on the physiochemical
properties of molecules will be highlighted in addition to recent cytotoxicity and fluorescent cell imaging results in

MCF-7 and K562 cells.

Figure 1: Cover art for ref. 4 depicting the symbolic logic functions of the molecular logic gates depending on the

orientation with respect to the electric field.
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Multi-Target Qualities and Ligand Pharmacology for Neurodegenerative, Cancer,

and Other Inhibitors in the Chemotheca
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Multi-target drug design requires the consideration of several on- and off-targets for a desired specificity. Ligands can
have multiple beneficial, even synergistic, interactions with several targets be they in the same or separate pathways
or families. One example are series of ligands with nM MAO B inhibition, that could have additional targets in
neurodegenerative diseases, such as KCCN1, as well as cancer-related target inhibition through 5-NT and EIF4E." These
extra targets were found through a ligand-based similarity ensemble approach, and then further enhanced through
docking.1 Such extended multiple target space can be predicted for ligands such as those in the Chemotheca
[http://chemotheca.unicz.it/index.php], and thus speed up the multi-target development of compounds in databases.

Ligands can have mechanisms which may not be immediately apparent, for example, though complexation and
delivery via metal, in this case cobalt, to their site of action (bacterial quorum-sensing, Figure 1).2 All of these
considerations can also be used in addition to profiling compounds for their ADME properties, PAIN filters, as well as

* The Chemotheca can

organ or disease-category profiling though relationships including machine-learning.a'
automatically include predictions of multiple targets for the deposited ligands and possibly their metabolites, in order

to facilitate multi-target design for compounds.

Figure 1: Docked ligand HL (cyan), docked known inhibitor furvina (magenta), docked known binder 3-oxo-
C12-HSL (slate), co-crystallized known binder 3-oxo-C12-HSL (yellow), in the binding site of LasR
References

! Elshaflu H.; Todorovi¢ T.R.; Nikoli¢ M.; Loli¢ A.; Visnjevac A.; Hagenow S.; Padrén J.M.; Garcia-Sosa A.T.; Djordjevi¢
I.S.; GrubisSi¢ S.; Stark H.; Filipovic N.R. “Selenazolyl-hydrazones as Novel Selective MAO Inhibitors With
Antiproliferative and Antioxidant Activities: Experimental and In-silico Studies”, Front. Chem., 2018, 6, 247

2 Borges A., Simdes M., Todorovic T. R., Filipovic, N. R., Garcia-Sosa A. T.,* "Cobalt Complex with Thiazole-Based Ligand
as New Pseudomonas aeruginosa Quorum Quencher, Biofilm Inhibitor, and Virulence Attenuator", Molecules, 2018,
23,1385

3 Yosipof, A.; Guedes, R.C.; Garcia-Sosa, A.T., “Data Mining and Machine Learning Models for Predicting Drug Likeness
and Their Disease or Organ Category”, Front. Chem., 2018; 6: 162, 10.3389/fchem.2018.00162

* Garcia-Sosa, A.T.; Maran, U. “Drugs, Non-Drugs, and Disease Category Specificity: Organ Effects by Ligand
Pharmacology”, SAR QSAR Environ. Res., 2013, 24, 319-331



MuTalLig COST ACTION CA15135
3rd WG meeting 2019
Paris (France), February 23-24 2019

BOOK of the ABSTRACTS /\

Short communication 18
Isatin-Triazole Hybrids: Lymphoma Anti-Proliferation and BuChE Inbibition
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Isatins (including their oxindole analogues) and triazoles are privileged skeletons in medicinal chemistry.1 However,
hybrids that contain both units for the moment are quite rare, despite their large therapeutic potential and are thus
highly desirable. Two of the most notorious disease categories at the current time are cancer and Alzheimer’s disease
(AD), which affect a significant portion of the world population, and thus new medicines are required. We have
developed a family of oxindole-triazole molecules (1) that were shown to be dual inhibitors for butrylcholinesterase
(BuChE) (important target for treating AD symptoms) and arresting lymphoma proliferation, but recently our studies
have shown that the isatin-triazole analogues (2) particularly compound (2b), seem to be more potent in this context.

Some of the key results are shown in Figure 1?
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Figure 1

To gain greater insignt into the differences obsereved in the activities of these two framilies of compounds, we also
carried out key Molecular Modelling studies and Saturation Transfer Difference NMRs, which were highly revealing.
These results together with the biassay studies and the underlining medicinal chemistry will be discussed in this
presentation.
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Synthesis Characterization and study of the Nickel-Diimine-Dithiolate Complex, its
DNA Binding and Cell Viability properties
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The fact that the human genome is the cornerstone of all livings things has come to be widely accepted among the
scientific community. The knowledge of specific targets in rational design of molecules can be used as anticancer
agents. [1] In the last decades, the potential use of inorganic complexes as drugs has come under the scope of
scientific research. The search for an alternative to cisplatin and its derivatives, which exhibit lower toxicity and less
adverse effects, has produced an impressive number of metal-based compounds, which have been evaluated for their
anticancer activity. It was surprising that nickel found to be cofactor of the enzyme urease, in 1970. [3,4] Nowadays, a
substantial list of nickel enzymes has been found. The biology of nickel is expanding beyond the enzyme metal centers
to include cellular homoeostasis mechanisms that are deployed by the organism that use nickel. [4,5]. However, the
biological function of nickel is still unclear. The interactions of nickel (II) complexes with DNA mainly depend on the

structure of the ligand exhibiting intercalative nature. [5]

Herein the synthesis of the complex [Ni(dppz)(gdt)] is presented, where the ligand dppz is the dypyrido[3,2-a:2’,3’-c]
phenazine and qdt is the ligand quinoxaline-2,3-dithiol. The above complex was characterized by utilizing
spectroscopic and electrochemistry methods. Moreover, binding studies of the complex with Calf Thymus (C.T. DNA)
were conducted employing a variety of different techniques, namely UV-visible absorption spectra, Viscosity analysis,
Cyclic Voltammetry, Fluorescence and Cyclic Dichroism. DNA cleavage experiments have also been conducted by
agarose gel electrophoresis using pBR322 DNA both dark conditions, as well as after illumination, in which the
wavelength was greater than 400nm. In addition, an MTT assay was implemented, aiming at the investigation of cell

viability after incubation within the complex.
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(S)-Blebbistatin (S)-1, a chiral tetrahydropyrroloquinolinone, is a widely used and well-characterized ATPase inhibitor

. . 1 . . . .
selective for myosin Il.” The central role of myosin Il in many normal and aberrant biological processes has been

revealed with the aid of this small molecule.

Unfortunately, (S)-blebbistatin has severe physicochemical deficiencies that trouble its use in advanced biological
settings: low solubility, fluorescence interference, (photo)toxicity and stability issues. We and others have developed a
large toolbox of (S)-blebbistatin analogs in which particular shortcomings have been addressed.”™ The present
communication provides an overview of the synthesis and characterization of these molecules, and a user's guide for

their optimal application in in vitro and in vivo model systems.1

POPULAR RESEARCH TOOL SYNTHESIS
NG
o OH @\/?%> /
B |C
@ N/ N Re N/ N
~  CHARACTERIZATION
POOR PHYSICOCHEMICAL " @ @ (ACTIVITY, PROPERTIES)
PROPERTIES ()1 R
(S)-BLEBBISTATIN ————————————> SUPERIOR ANALOGS
Recommendations L/

for optimal use

References

! Roman, B.l.; Verhasselt, S.; Stevens, C.V. Medicinal Chemistry and Use of Myosin Il Inhibitor (S)-Blebbistatin and Its

Derivatives. J Med Chem, 2018, 61, 9410-9428.

2 Verhasselt, S.; Roman, B.l.; Bracke, M.E.; Stevens, C.V. Improved synthesis and comparative analysis of the tool

properties of new and existing D-ring modified (S)-blebbistatin analogs. Eur J Med Chem, 2017, 136:85-103.

3 Verhasselt, S.; Roman, B.l.; De Wever, O.; Van Hecke, K.; Van Deun, R.; Bracke, M.E.; Stevens, C.V. Discovery of (S)-3’-
hydroxyblebbistatin and (S)-3’-aminoblebbistatin: polar myosin Il inhibitors with superior research tool properties. Org

Biomol Chem, 2017, 15, 2104-2118.

4 Verhasselt, S.; Stevens, C.V.; Van den Broecke, T.; Roman, B.l. Insights into the myosin Il inhibitory potency of A-ring-

modified (S)-blebbistatin analogs. Bioorg Med Chem Lett, 2017, 27, 2986-2989.



MuTalLig COST ACTION CA15135
3rd WG meeting 2019
Paris (France), February 23-24 2019

BOOK of the ABSTRACTS /\

Poster communication3-WG 1

Systematic Design and Synthesis of Novel Small Molecule Inhibitors of

Chikungunya Virus

Verena Battisti,” Julia Moesslacher,” Charlotte Vanderheydt,® Ernst Urban® and Thierry Langer?

? University of Vienna, Faculty of Life Sciences, Department of Pharmaceutical Chemistry, Althanstrafle 14
(UZA 1) A-1090 Vienna, Austria

® University of Innsbruck, Faculty of Chemistry and Pharmacy, Innrain 80-82 A-6020 Innsbruck, Austria
“ KU Leuven, Rega Institute for Medical Research, Herestraat 49 3000 Leuven, Belgium
verena.battisti@univie.ac.at

The Chikungunya virus (CHIKV) is the causative agent of the Chikungunya fever, an iliness characterized not only by a
rapid onset of high fever but also by severe myalgia and leads in some cases also to death. Even years after the
infection, some patients suffer under recurrent and persistent myalgia, which causes an impaired quality of life. Since
its re-emerging in 2005, the disease had massive outbreaks infecting millions of people in more than 40 countries not
only in Asia and Africa but also in America and Europe (France and Italy). Currently there are no specific antiviral drugs
or vaccine available to prevent or treat the infection, although the predicted outbreak of a new epidemic in a
Mediterranean city like Rome is highly probable. Therefore, the design and development of an effective antiviral drug

. 1,2,3,4
are immensely needed.

In 2014 Dr. Julia Moesslacher discussed in her Ph.D. thesis a series of small molecules, how they could be synthesized
and evaluated in biological assays. From her starting point the hit CIM016321, described by HTS by the Centrum voor
Innovatie en Stimulatie van Medicijnonwikkeling (CISTIM) and the Katholieke Universiteit Leuven, she produced 59

analogues by a hit to lead optimization. >

Based on her most successful compounds, a series of new promising molecules were now designed, synthesized and
tested against only on the Chikungunya virus but also on Enterovirus 71, Zikavirus and Norovirus. Hereby the concept
of bioisosterism and the Topliss tree of decision where used for a systematic variation of substitution pattern. Also,

her established 4-step-synthesis was optimized, resulting in a higher, purer yield.
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The past decade has seen significant advances in the field of antibody-drug conjugates (ADCs) with the launch of four
drugs, namely Kadcyla® for breast cancer, Adcetris® for Hodgkin lymphoma, Mylotarg® for acute myelogenous
leukemia and Besponsa® for acute lymphoblastic leukemia. ADCs combine the high selectivity of monoclonal
antibodies (mAbs) for their target with a highly potent cytotoxic payload. This allows minimisation of the drug’s side

effects by specifically delivering the drug to cancer cells.!

Platinum derivatives (Carboplatin and Oxaliplatin) are mainly used in ovarian and colorectal cancers. However, these
drugs lead to some drawbacks with resistances and side effects that can limited their use.” To decrease these
drawbacks and improve efficiency, we conjugated carboplatin with a monoclonal antibody. Furthermore, switching
the stable platinum atom for a radioisotope (e.g. 195mPt) in such chemotherapeutic agents could be a way to improve
DNA damages of cancer cells. These radioisotopes also allows imaging experiments like single positon emission

computed tomography (SPECT) for a theranostic approach.

Two kinds of ADCs will be presented, the first one, is directed against colorectal cancers cells and is not able to be
internalised. The deleterious effect of 195mPt effect at the membrane by emission of Auger electrons can be
explored. The second construction links a mAb directed against human Miillerian Inhibiting Substance type Il receptor
(MISRII) to a functionalized carboplatin derivative with a cleavable and self-immolative linker. This ADC can be

internalised by the cell and liberate the platinated drug inside the cancer cell.
Preliminary results (synthetic and biological) of this project will be presented.
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In this study, lipophilicity of twenty-three DNA gyrase and topoisomerase IV ATPase inhibitors was estimated at two
pH values (5.5 and 7.4) using reversed-phase high-performance liquid chromatography (RP-HPLC) [1,2]. Retention
behavior was tested on HP 1100 HPLC chromatograph, using column Zorbax Eclipse Plus C8 (150 X 4.6 mm, 5 um
particle size). Mobile phase consisted of acetonitrile and phosphate buffer (pH was adjusted to 5.5 or 7.4). Each
compound was tested in four different ratios of acetonitrile and buffer (acetonitrile ranged from 20% to 65%). Column
temperature was 25 °C, flow rate 1 mL/min, injection volume 20 pL and detection was performed at 254 nm. For each
compound, capacity factor (k) was calculated and logk values were plotted against percentage of acetonitrile. Finally,

following chromatography parameters were calculated: logk,, (y-axis intercept), a (slope) and ¢, (-logk,/a).

Derivatives with the highest lipophilicity were TEL-28 and NDL-20, whereas NZ97 had the lowest lipophilicity (at both
pH values, Figure 1). The majority of compounds possess similar or slightly different lipophilicities at both pH values,
but the highest differences were observed for TAZ-7, LMD-17 and NCH-4d, which could significantly affect their

biological properties (particularly gastrointestinal absorption, distribution and biological activity).
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Figure 1: Chemical structures of underlined compounds
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DNA gyrase and topoisomerase IV are validated targets for antibacterial drug discovery. These enzymes are highly
homologous, thus offering an opportunity for dual-targeting to reduce the rate of resistance acquisition. They are
heterotetramers composed of two catalytic GyrA/ParC subunits and two GyrB/ParE subunits with ATPase activity. The
ATP-binding site became an attractive target especially after successful introduction of novobiocin into the therapy.
However, novobiocin, which was the only marketed GyrB/ParE inhibitor until now, was later withdrawn from the clinic

due to toxicity, low effectivity and rapid resistance-acquisition.

Using structure-based design, we have discovered and optimized several structural classes of potent GyrB and ParE
inhibitors.”™* We optimized a series of benzothiazole-based potent dual DNA gyrase B and topoisomerase IV (ParE)
inhibitors. The most potent compounds possess low pg/mL antibacterial activity against the ESKAPE pathogens
(Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter species) as well as potent activity with MIC values lower than 0.5 pg/mL against many
Gram-positive strains (e.g. S. aureus, Streptococcus pneumoniae, Clostridium difficile, Neisseria gonorrhoeae, and
several MRSA strains). They display remarkably low frequency-of-resistance (i.e., <10 at 2 x MIC, for certain MRSA

isolates), moreover, the most promising compounds show no cross-resistance with the fluoroquinolones.
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Fluorine-18 is amongst the most frequently used positron-emitting radionuclides for PET imaging.(l) Because of the
non-metallic properties of this atom, radiofluorination implies covalent labeling strategies(z) that are hardly
compatible with routine use. Overcoming this limitation, aluminum [*®*F]fluoride chemistry is based on the formation
of a AI'®F*" cation that can be complexed with a 9-membered cyclic chelator such as NOTA, NODA or their analogs.
Due to the small size of the AI'*F** cation, this radiolabeling methodology is poorly compatible with the 12-membered
cyclic chelators like DOTA. Radiopharmaceutical preparation kits containing this type of complexing agent, such as
SOMAKIT-TOC® (edotreotide), used for PET imaging of neuroendocrine tumors, cannot therefore be labeled with
AIF, Thus, in order to transpose this methodology to DOTA-conjugated molecules, the replacement of aluminum by
larger metals was envisaged. Around 60 reaction tests involving indium, gadolinium, erbium or lutetium was carried
out to optimize the reaction conditions of both the metal-[**F]fluoride (I\/IlsF) and the M"®F-DOTA complex formation.
Two distinct strategies were considered: (i) the formation of M™F followed by its complexation with DOTA, and (ii) the
synthesis of a M-DOTA complex followed by its radiolabeling using [*®*F]fluoride. This work represents the starting

point for the optimization of this original non-covalent radiolabeling approach with metal-[**F]fluorides.
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Figure 1: Considered strategies for the non-covalent radiofluoration of DOTA-conjugates.
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Cyclodextrins (CD) and calixarenes (CA) have the capacity to form host-guest superstructures and the possibility to be
tailored to achieve a controlled non-covalent organization, which makes them privileged scaffolds to develop
nanosystems. In this work we report the synthesis of nanocarriers based on CD-CA amphiphilic heterodimers which
self-assemble in water to form nanospheres or nanocapsules.1 These nanoparticles consist of an inner core composed
by hydrophobic calix[4]arene (CA,) units functionalized with alkyl chains, where hydrophobic drugs can be entrapped,
and an external hydrophilic shell exposing B-cyclodextrin (BCD) motifs that allows the solubilization of the system and
post-functionalization by complex inclusion formation. The potential of the new systems in nanomedicine is illustrated
by their capacity to encapsulate and provide sustained release of anticancer drugs such as docetaxel, whose clinical
applications are limited by its low water solubility and its toxicity to normal cells, and undergo modification with
adamantane-armed glycoligands targeting the macrophage mannose receptor which is overexpressed in tumour-
associated macrophages. The nanoparticles where characterized by Dynamic Light Scattering (DLS), AFM and cryo-
TEM microscopy whereas in vitro studies demonstrated its potent anti-cancer activity in glioblastoma cell lines.”
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Figure 1: Self-assembling of BCD-CA, based heterodimers to form drug-loaded nanospheres.
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Synthesis of fluorescent ligands to investigate p-opioid receptor dimerization
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The p-opioid receptor (u-OR) represents an important target in medicinal chemistry, particularly for its ability to
modulate pain transmission. The question, if this receptor exists as monomer or dimer, is highly debated and answers
may be crucial to completely understand the variety of complex effects mediated by the u—OR.[l’Z] In this study, we
chose a ligand based on the antagonist E-p-Nitrocinnamoylamino-dihydrocodeinone and attached two fluorophores
on the core by a tetraglycine-linker (Figure 1).
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Figure 1: Structure of fluorophore-labelled ligands.

Despite these chemical modifications, the fluorescent ligands still exhibit good affinity values (K4 = 112 +31and 45 +
9 nM). Furthermore, the selectivity for the u-OR over &- and k-subtypes has been retained, making the compounds
suitable to investigate p-OR dimerization by single-molecule microscopy techniques. With the help of two-colour
. . . . . . o . 134]
single-molecule movies combined with computation methods, pu-dimerization events have been precisely traced.”™ " It
could be shown by single-particle tracking and computational analyses, that pu-ORs labelled with the fluorescent
ligands on the surface of living cells show a heterogenous diffusion behavior. The two-colour experiments revealed
rare co-localization of two receptors labelled with each dye, indicating an absence of stable dimers.

References

L. Gomes, B. Jordan, A. Gupta, N.Trapaidze, V. Nagy, L. Devi, J Neurosci. 2000, 20 (22), RC110.

ZA. Kuszak, S. Pitchiaya, J. P. Anand, H. I. Mosberg, N. G. Walter, R. K. Sunahara, J Biol Chem. 2009, 284, 26732-26741.
T Sungkaworn, M.-L. Jobin, K. Burnecki, A. Weron, M. J. Lohse, D. Calebiro, Nature 2017, 550, 543-547.

“D. Calebiro, F. Rieken, J. Wagner, T. Sungkaworn, U. Zabel, A. Borzi, E. Cocucci, A. Ziirn, M. J. Lohse, Proc Natl Acad
Sci U S A 2013, 110, 743-748.



MuTalLig COST ACTION CA15135
3rd WG meeting 2019
Paris (France), February 23-24 2019

BOOK of the ABSTRACTS /\

Poster communication 10— WG 1

Poly(propyleneamine) dendrimers modified with
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1,8-naphthalimides and their derivatives are an important heterocyclic of class organic compounds finding
diverse pharmacological and biomedical applications. In the last years especial attention has been paid to
investigations on their capacities as antibacterial, antifungal, antiviral, anti-inflammatory or anticancer therapeutics.
Recently dendrimers have been a part of a very important research area due to their promising biological and
biomedical activities. Their unique structure facilitates an important role in the fields of nanomedicine,
pharmaceutical and medical chemistry. These compounds are also considered an effective tool for anticancer therapy
or drug delivery systems. Complimenting those two interesting structures into one molecule enables the preparation

of new compounds containing a large number of substances with considerably enhanced biological activity.
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In the present study, the synthesis and characterisation of a new poly(propyleneamine) modified with 3-bromo-4-
dimethylamino-1,8-naphthalimides units and its monomer analogue 3-bromo-4-dimethylamino-N-butyl-1,8-
naphthalimide have been presented. The antimicrobial activity of the new compounds has been investigated against
different pathogens and human cancer cells. Both compounds have been deposited onto the surface of a 100% cotton

fabric and tested viewing their potential application in production of antibacterial wound dressings.
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Central nervous system (CNS) diseases are an important medical, economic and social problem and belong to most
costly medical conditions. In particular, mental diseases, such as schizophrenia, bipolar disorder and depression are
cured today with moderate success. As a part of our research on CNS agents we performed structure-based virtual
screening to identify multi-target ligands of aminergic G protein-coupled receptors with affinity to different dopamine
and serotonin receptors.1 As a result we identified 10 active compounds, confirmed their affinity in vitro and four of
them were studied as otential antipsychotics while other three were investigated as potential antidepressants. Here
we present structural (X-ray and molecular modeling), thermal and pharmacological (in vitro and in vivo) studies of
these compounds. The compounds were docked to the orthosteric binding sites of respective receptors and molecular
dynamics simulations of the obtained ligand-receptor complexes were performed. Next, the compounds were
subjected to in vivo evaluation. All the potential antipsychotics (D2AAK1-D2AAK4) decrease amphetamine-induced
hyperactivity (when compared to the amphetamine-treated group) measured as spontaneous locomotor activity in
mice. In addition, passive avoidance test demonstrated that all the compounds improve memory consolidation after
acute treatment in mice. Elevated plus maze tests indicated that all the compounds induce anxiogenic activity 30
minutes after acute treatment. 60 minutes after administration D2AAK1 displays anxiolytic activity, D2AAK3 no
activity and the anxiogenic activity continues for D2AAK2 and D2AAK4. Potential antidepressants (SER1-SER3) were
tested for their anti-depressive properties in the forced swimming test and for their anxiolytic properties as above. In
order to optimize the structures of the lead compounds, we also designed, synthesized and tested their modifications.

References

! Kaczor, A.A.; Silva, A.G.; Loza, M.l.; Kolb, P.; Castro, M.; Poso, A. Structure-based virtual screening for dopamine D,

receptor ligands as potential antipsychotics. ChemMedChem, 2016, 11, 718-729.



MuTalLig COST ACTION CA15135
3rd WG meeting 2019
Paris (France), February 23-24 2019

BOOK of the ABSTRACTS /\

Poster communication 12 -WG 1
Piperazine derivatives as a novel active histamine H; receptor ligands

Katarzyna Szczepariska,® Tadeusz Karcz,” Szczepan Mogilski,® Kamil J. Kuder,? Stefanie Hagenow,” Magdalena

Kotarska,® Holger Stark,® Katarzyna Kie¢-Kononowicz®

“ Department of Technology and Biotechnology of Drugs, ° Department of Pharmacodynamics, Faculty of
Pharmacy, Jagiellonian University Medical College, Medyczna 9, Krakow 30-688, Poland

“ Institute of Pharmaceutical and Medicinal Chemistry, Heinrich-Heine-University Diisseldorf,
Universitaetsstr. 1, 40225 Dlisseldorf, Germany

szczepanskatarzyna@gmail.com

Histamine H; receptors (H;R) are constitutively active G-protein coupled receptors (GPCR) mostly expressed in CNS.
Interaction with these receptors results in modulation of histamine levels as well as that of other neurotransmitters.
Therefore, blockade of these receptors might provide useful pharmacological target in treatment of many CNS-based
diseases such as schizophrenia, Alzheimer’s and Parkinson’s diseases, obesity, narcolepsy and attention-deficit

hyperactivity disorder (ADHD) [1], also as dual or multiple acting ligands [2].

Undoubtedly, the imidazole ring replacement with other heterocyclic moieties was a milestone in the search for new
histamine H3R ligands. The piperazine moiety is such a replacement, being a significant versatile chemical scaffold in

rational drug design for numerous GPCR ligands.

Based on the results of the research so far, it is assumed that the 4-pyridylpiperazine moiety in the basic part of the
compound determines their high affinity at and selectivity for human H3R. The position of the nitrogen atom in an
aromatic ring attached to piperazine moiety has turned out to be a key structural element for suitable interaction with
its biological target [3]. In order to determine the influence of substituents located in the “eastern part” of the
molecule, structural modifications of previously obtained compounds including replacement of branched alkyl
benzene substituents, with bulky aromatic groups were undertaken. Moreover, subsequent extension of alkyl linker in
the range of five to eight methylene groups was also performed. Taking into account structural similarity of our
compounds to other GPCR ligands, determination of affinity to histamine H,, dopamine D, and a, adrenergic receptors

was also carried out.
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2016/23/N/NZ7/00469.
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The isoquinolinequinone (IQQ) pharmacophore is a privileged framework in known cytotoxic natural product
metabolites, caulibugulones and mansouramycins both isolated from marine sponges (Figure 1).1 Both series exhibit
cytotoxicity in the sub-micromolar range across multiple cancer cell lines including renal, breast and ovarian. A multi-
targeted approach is often adopted to explain the 1QQ’s potent cytotoxicity. This includes mitochondrial destruction
through redox cycling and enzyme inhibition through electrophilic addition to critical amino acids in vivo for example

. Lo . L L. . 234
in cell division cycle 25 (CDC25) isoforms, whose function is crucial in normal cell cycle regulation.
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Figure 1: Marine metabolites Caulibugulone B (ICsq 0.82 uM against the Murine 1c-2"" cell Line) and Mansouramycin C
(IC50 0.089 uM (mean of 36 tumour cell lines))

We report on the generation of a versatile 1QQ framework utilising a one-pot silver (I) oxide mediated oxidation and
the discovery of a potent novel anticancer framework. A library of novel IQQ's were synthesised analogous to known
caulibugulones and mansouramycins exhibiting nM cytotoxic activity against breast, melanoma and ovarian cancer cell
lines. A lead compound has been identified to conduct further structure activity relationship studies in view of
progression towards clinical development.
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Histamine Hj; receptors (H;Rs) are mostly expressed in CNS and regulate the release of histamine itself and other
neurotransmitters (e.g., acetylcholine, dopamine or serotonin). Blockade of these receptors could be useful in the
treatment of various central nervous system (e.g. Alzheimer’s Disease), metabolic, pain and allergic disorders." So far,
many structurally diverse H3R ligands have been synthesized and pharmacologically evaluated. As a continuation of
our previous works we synthesized a series of (homo) piperidinyl-hexyloxybenzophenone derivatives. Compounds
were designed as multi-target-directed ligands (MTDLs) combining antagonism of H;Rs with inhibitory activities at
cholinesterases (acetylcholinesterase, AChE, and butyrylcholinesterase, BuChE). HsRs affinity of compounds was
evaluated at recombinant human H;Rs stably expressed in HEK-239 cells whereas cholinesterase inhibitory activity
(AChE and BuChE) was evaluated using the method established by Ellman et al.” Tested compounds showed moderate
to good human H;R affinities (25 nM < K; hH3R < 162 nM), and most of them exhibited cholinesterases inhibitory
activities with 1Csq values in low micromolar range. Generally homopiperidine derivaitves were stronger cholinesterase
inhibitors than corresponding piperidine analogues although showing (with one except) comparable human H3R
affinities. Compound E321 (4-(-6-(azepan-1-yl)hexyloxy)phenyl)(4-fluorophenyl)methanone) was in this respect of

special interest (Figure 1).
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Figure 1: Structure and biological activity of E321.
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Ruthenium diimine complexes have long attracted interest due to their various applications in catalysis1 and in metal-
based drugsz. More specifically, ruthenium diimine complexes exhibit both telomerase and topoisomerase inhibition
and can induce apoptosis in cancer cells in various stages of replication cell cycle via intercalation or after

photoexcitation, leading to applications in photodynamic therapya.

Focusing on the ligand framework, peripheral functionalization of diimines has led to the development of multi-potent
metal based drugs containing third row transition elements bearing dipyridophenazine (dppz), 1,10-phenanthroline-
5,6-dione[3], or quinoxaline ligands [4]. More specifically, 2-(2-pyridyl)-quinoxaline (pqg) has proved a versatile ligand
that can bind to a plethora of transition metals. The quinoxaline moiety is found in many molecules of medicinal

interest that exhibit antibacterial, antiviral, antifungal, antihelmintic, and anticancer properties4.

Inspired by proven affinity of pg-containing metal complexes for DNA and the diversity of opportunities opening from
incorporating a tris-heteroleptic ligand manifold around Ru(ll), in this work we report the preparation and
characterization of the tris—heteroleptic [Ru(bpy)(phen)(pq)](PFs), complex along with its [Ru(bpy).(pq)l(PFe),
counterpart. Both complexes have been structurally characterized and the interaction of the tris-heteroleptic complex
with CT-DNA and against MCF-7, U87-MG, and HEK-293 cancer cells is reported. Moreover, its ability to localize inside

the cell in vitro was revealed by confocal microscopy.
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3-phenylcoumarin is a privileged scaffold that can be functionalized via carefully selected substitutions (R1-R6 in

Figure 1) to block various biological targets with both selectivity and potency.
R3

R4
Figure 1: 2D structure of 3-phenylcoumarin.

Here, this malleability of the 3-phenylcoumarin is demonstrated using 17-B-hydroxysteroid dehydrogenase 1 (HSDl):L
and monoamine oxidase B (MAO-B)2 as the drug discovery targets. Potent HSD1 inhibitors, preventing selectively the
estradiol synthesis in the sulphatase pathway, have potential for breast cancer and endometriosis treatment.
Likewise, novel MAO-B inhibitors could be used to treat dopamine-linked diseases such as Parkinson's disease. A vast
set of 3-phenylcoumarin analogs with diverse substitutions at the ring systems were designed de novo or using virtual
combinatorial chemistry and synthetized using microwave chemistry. With the HSD1, five analogs inhibit the enzyme
at 5 UM and three of them at 1 uM. With the MAO-B, the analogs inhibit the enzyme at 100 nM-1 uM and, notably,
one of them produced IC50 value of 56 nM. A docking-based structure-activity relationship analysis was done for the
analogs using the activity data acquired for both of the target enzymes. Furthermore, the cross-reactivity and
selectivity of the analogs was tested for a specific subset of enzymes with known coumarin activity such as estrogen
receptor, aromatase, cytochrome P450 1A2, MAO-A and HSD2. This comprehensive analysis led to the design and
discovery of 3-imidazolecoumarin as a potent aromatase inhibitor. As a whole, the results show that the 3-
phenylcoumarin is a suitable scaffold for building small-molecule inhibitors for blocking both HSD1 and MAO-B activity
while retaining a necessary level of selectivity.
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A cascade reaction based Multi-Target Salen-Manganese complexes for controlling

ROS damage

Lara Rouco,® Ana M. Gonzalez-Noya,” Rosa Pedrido,” Rebeca Alvarifio,® Luis M. Botana,® Marcelino Maneiro®

? Dept. de Quimica Inorgdnica, Facultade de Ciencias, Campus Terra, University of Santiago de Compostela,
Lugo, Spain; b Dept. de Quimica Inorgdnica, Facultade de Quimica, Campus Vida, University of Santiago de
Compostela, Santiago de Compostela, Spain; ¢ Dept. de Farmacologia, Facultade de Veterinaria, Campus
Terra, University of Santiago de Compostela, Lugo, Spain.

lara.rouco.mendez@usc.es

Salen-manganese complexes are known as multi-target antioxidant agents1 which can behave as SOD, catalases or
peroxidases mimics. We have studied the neuroprotective effects of six of these artificial models in SH-SY5Y
neuroblastoma cells. Three of them can meaningfully improve the mitochondrial function and decreasing reactive
oxygen species levels. During studies aimed to getting a better understanding of the kinetics of the processes involved
in this antioxidant behavior, evidences were found showing a cascade reaction pathway in which the MnSB (SB =
Schiff base) react with the photochemically generated OH’ radicals’ yielding a new MnSB* species (Figure 1).
Interestingly, although the MnSB parent compounds act as OH" radical scavengers, they cannot disproportionate
hydrogen peroxide; but, the MnSB* complexes formed in the previous step behave as efficient catalase mimics,
inducing the formation of oxygen and water from hydrogen peroxide. As a result of this cascade process, MnSB and

MnSB* detoxify OH" radicals and H,0,, respectively.

OH° 2 H,0,
OH° radical MnSB MnSB* Cat.alflse-like
scavenger y activity
»» s

; & W oH0+0,

Figure 1
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Herein, we present the reactivity of a-functionalized lithium reagents, including halocarbenoids, (LiCH,X, X
=Cl, Br, I, F, CN, OR, SR?, SeRl) as nucleophilic homologating agents towards several different electrophilic
carbonyl-type compounds, with focus on Weinreb Amides. In addition, we disclose a reliable and high-
yielding method for preparing various functionalized (Thio)Formamides through the chemoselective
reduction of Iso(thio)cyanates mediated by the Schwartz reagent.

Introducing a Functionalized CH2X Fragment via a Single Synthetic Operation

LICH,X + E

X =Cl, Br, I, F, CN, OR, SR, SeR

ECH»X Designing New
Tacticts for Chemical
Synthesis

Schwartz Reagent mediated Reduction of Iso(thio)cyanates to (Thio)Formamides

CpoZrHClI H X=0,S
R'N"C in situ R.N\H/H ......................
"X Partial Reduction X - High yields - Wide scope - Versatile

- Chemoselective- Mild conditions
- Full transfer of stereochemistry
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With Potential Anticancer Activity
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Carbonic anhydrases (CAs) are a class of metallo-enzymes that catalyze the reversible hydration of carbon dioxide into
bicarbonate and a proton and are widely distributed in all living organismsll’ 2 These enzymes are involved in
numerous physiological processes such as ion transport, regulation of pH, bone resorption, and secretion of gastric,
cerebrospinal fluid and pancreatic juiceB]. In mammals CAs have 16 different isoforms and multiple ones implicated in

. . . 2
a range of diseases, including cancer”

. In particular, the trans-membrane CAs IX and XIl are key pH regulators that
create a differential pH microenvironment within solid tumors and allow for tumor cell survival under stressful
conditions™.For this reason CAs became an increasing interest to researchers as drug targets, and, as a result, a
number of CAs inhibitors have been designedm. Coumarins are a group of heterocyclic compounds commonly found

in nature and have relevant pharmacological activity such as antiviral, antimycotic, and antitumor™.

Accordingly, our project is focused in the development of CAs inhibitors based on the chromene scaffold. To achieve
this goal several 2-(7-hydroxy-4,8-dimethyl-2-oxo-2H-chromen-3-yl)acetate derivatives (Figure 1) are being

synthesized. The results obtained so far will be presented in this communication.

Figure 1: General structure of the compounds proposed for synthesis.
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dietary cinnamic and benzoic acids for the treatment of neurodegenerative
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Neurodegenerative disorders (NDs) are a group of age-related neurological disorders caused by a multiplicity of
genetic and environmental factors, among others. In our days, NDs became more prevalent due to the steady increase
of the world population life expectancy. Consequently, the social and economic burden over the families of the
patients became more severe. Therefore, the discovery of therapeutic agents that could ameliorate or prevent
neurodegenerative diseases, are urgently needed.
Hydroxycinnamic and benzoic acids, two families of naturally occurrent phenolic antioxidants, for long had a huge
potential for the development of new therapies for NDs.! However, the low permeability and bioavailability of these
antioxidants in biological systems for long limited their use in potential therapies. Hence, in the recent years, in order
to create a novel therapeutic window for NDs our group designed a range of small molecules using hydroxycinnamic
and benzoic acids present in human diet as a scaffold.”™ Based on this approach a range of hybrid compounds were
obtained by linking the phenolic core to a triphenylphosphonium (TTP') cation via different size aliphatic chain
spacers.
The new antioxidants retained the in vitro antioxidant activity of the parent compounds. Subsequent studies revealed
that the new antioxidants were able to directly act in mitochondria preventing oxidative stress damage and inhibited
the activity of cholinesterase enzymes (AChE and BChE) two relevant targets in a range of NDs.”™ In this
communication are presented the most recent results obtain in our drug discovery efforts.
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The quinoline core represents an attractive scaffold for the synthesis of compounds containing significant antimalarial
and anticancer activity,1 the natural alkaloids cryptolepine, neocryptolepine and isocryptolepine are examples of such
compounds.z'3 In an attempt to facilitate the synthesis of the aforementioned heterocycles and regioisomers, the

activity of the quinoline ring-system was explored using readily available quinolines as a starting materials.

Under standard Suzuki-Miyaura cross-coupling conditions, the desired biaryls were synthesized starting from
bromoquinolines and 2-aminophenylboronic acid hydrochloride. When subjecting the biaryls to intramolecular
cyclization via a palladium-catalyzed C-H activation and C-N bond formation, the activity towards formation of the
corresponding tetracyclic ring-systems varied tremendously. It was rationalized that the observed differences in

reactivity could be explained by the electron density of the various carbons in the quinoline ring-system, with low

D O
! NH
o) :
i
~
N NH
A
s /
solihe
N/
HN N/
o O

1Kaur, K.; Jain, M.; Reddy, R. P.; Jain, R. Eur. J. Med. Chem. 2010, 45, 3245-3264.

electron density promoting cyclization.
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From melatonergic and serotonergic receptors to the development of new

therapeutics for Alzheimer’s disease: a polypharmacological approach.

Sangeetha-Laura THIRUMARAN, Feng XIAO, Stéphane LEMAITRE, Jana SOPKOVA-DE OLIVEIRA SANTOS,

Ronan BUREAU, Sylvain RAULT, Alban LEPAILLEUR, Christophe ROCHAIS.

Centre d’Etudes et de Recherche sur le Médicament de Normandie (CERMN), Normandie Univ, UNICAEN,
14000 Caen, France

sangeetha-laura.thirumaran@unicaen.fr

Alzheimer’s disease (AD) is the most common form of dementia diagnosed in 50 million of patients worldwide, for
which the current treatments are only symptomatic ones. Among the biological targets implied in the
physiopathology, melatonergic MT1 and MT2 and serotonergic 5-HT,. receptors present a growing interest, as they
have been shown to alleviate the symptoms through several actions such as the promotion of the non-amyloidogenic
cleavage of the Amyloid Protein Precursor (APP).l’2 As AD is a multifactorial disorder, a simultaneous action on these
two types of receptors with Multi-Target Directed Ligands (MTDLs) could represent a novel therapeutic approach. In
this objective, we screened our chemical library in order to identify original and potent MT1/MT2/5-HT,. MTDLs.
Then, we performed docking studies of the selected molecules, and using Nornsa, a new chemo-informatics software
we developed, we extracted their structure-activity relationships (SARs) (Figure 1). All these results allow to

understand the polypharmacological profile of this promising new series of compounds.

Virtual screening of ourin-house <i d Desi inal c affold New MTR and
chemical library 4

5-HT,.R MTDLs
with pro-cognitive
properties

Figure 1. Design of new MTDLs of potential interest for Alzheimer’s disease.
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In 1906, Alois Alzheimer described the disease for the first time: his patient was suffering from particular memory
disorders and present brain pathologic deposits. As a result of multiple research, the disease has proved to be more
and more complex: amyloid plaque formation is due to hyperactivation of B-secretase resulting in the formation of
the amyloid peptide (AB). In addition, hyperphosphorylation of the tau protein was observed, causing disaggregation
of microtubules, a neuronal death and a decreased cholinergic transmission.” In order to treat Alzheimer’s disease, a
multitude of molecules have been developed but only 4 are currently marketed:” they are mostly acetylcholinesterase
inhibitors (AChE), as for example rivastigmine a covalent pseudo-irreversible inhibitor, and a NMDA inhibitor,
memantine. Facing the complexity of the disease and the lack of effectiveness of the current molecules, we have
developed multi-target directed ligands (MTDLs) as new strategy based on a drug with several therapeutic targets of
interest to treat a disease. Thus, our laboratory synthesized Donecopride3 a molecule inhibiting AChE and
simultaneously activating 5-HT, serotoninergic receptors.

My project consists in the development, the synthesis and the biological evaluation of new molecules with novel
mechanism: prodrug MTDLs. Normally a prodrug is an inactive molecule activated by an enzyme.4 In this context, the
first target of interest is inactivated by prodrug, which finds itself cut in half, releasing the second active drug.

This poster will detail the various prodrugs and explain in more details this new notion of MTDL prodrugs.

Enzyme, Target 1

0

Effect 2

Effect 1

Figure 1: Prodrug MTDLs
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convenient and straightforward one-step access to a-functionalized organotin
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The unique reactivity of the C-Sn bond together with the good stability makes organotin compounds highly
versatile entities across the chemical sciences. Accordingly, their use in synthetic processes is not limited
to pivotal synthetic operations (in primis the Stille coupling)® but also encompasses fundamental
organometallic techniques.? In this context, a-halomethyl stannanes (Rs;Sn-CH,-X) represent privileged tin-
containing reagents because of the formal analogy with metal carbenoids (MCH,X). In fact, the excellent
stability they feature allows to overcome de facto important limitations of classical metal carbenoids (M =
Li, MgY, ZnY) such as the thermal depending a-elimination.* As a consequence of this significant advantage,
the reactivity portfolio of these stannanes has been considerably exploited in a series of synthetic
processes ranging from the equivalence with alkoxymethyl anions’ to electrophilic carbon units suitable for
the preparation of multifunctionalized organotin compounds via nucleophilic substitutions.® Herein, we
report the effectiveness of the nucleophilic substitution on halostannanes with lithium carbenoids and
related reagents (LiCH2X, X = halogen, OR, CN) for accomplishing a direct, one-step and straightforward
formation of R3Sn-CH2-X type reagents. We anticipate the applicability of the protocol to the homologation
of analogous organogermanium derivatives. Conceptually, the overall process can be regarded as a
transmetallation of Li into Sn or Ge carbenoids, in which the products retain the a-halomethyl unit
susceptible of late functionalization.

Synthetic Access to a-Halomethyl Stannanes

1. Two-Steps Appel-type Approach

Rgn H _WLDA_ RgSn— 2 Halogenating Agent  RaSn
(CH,0) OH
2%)n

2. One-step Homologation Approach: Ideal Single Synthetic Operation

Homologating Agent
[M-CH2X] R3Sn—,
X

RsSn—Hal —————————>

a) CHoN, (1955): Efficiency depending on the nature of the halostannane
b) XZnCH2X (1971): Low to moderate yields, Difficult when X = CI

This work: | LiCHXY Agents | High yielding - Versatile - X = Hal, CN, OR - Adaptable to Ge

Scheme 1
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Statins, inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A reductase, are efficient and widely used drugs in the
treatment of lipid disorders. They have also been found to exhibit antineoplastic activity against wide variety of cell
culture and animal tumor models as well as the ability to potentiate the antitumor effects of some cytokines and

chemotherapeutics.

The aim of our study was to evaluate the influence of Lovastatin and Fluvastatin on viability and proliferation of
cultured LSR-SF-SR rat sarcoma cells. The cells express v-src gene which cellular analogues (when disregulated) have

been suggested to play important role in cancerogenesis and tumor progression.

The investigations were performed by MTT test, double staining with acridine orange and propidium iodide,
haematoxylin and eosin staining, Annexin/FITC method and 3D-colony-forming method. The results obtained revealed
that applied at a concentration range of 0.75-200 pg/mL for 24, 48 and 72 h both statins significantly reduced the
percent of viable cells as compared to the untreated control. The long-term experiments lasting 20 days demonstrated
that administered at concentrations > 200 pg/mL (Lovastatin) and > 100 pg/mL (Fluvastatin) both compounds

completely suppressed 3D growth of rat sarcoma cells in a semi-solid medium.

In conclusion we can assume, that Lovastatin and Fluvastatin exhibit promising cytotoxic activity in v-src expressing

tumor cells, so that their anticancer potential deserve further in-dept research.

Acknowledgement: Supported by Grant Ne DFNI 5 02 30/ 12.12.2014, National Science Fund, Ministry of Education
and Science, Bulgaria.
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Identification of phenolic compounds from nettle as new candidate inhibitors of
main enzymes responsible on type-Ill diabetes.
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In medicinal chemistry, the discovery of small organic molecules that can be optimized and lead to a future drug
capable of effectively modulating the biological activity of a therapeutic target remains as major challenge. Because of
harmful secondary effects of synthesized therapeutic molecules, the development of research has been oriented
towards phytomedicines. Phenolic compounds from medicinal plants are constantly explored for new therapeutic
use.In this paper, we studied interactions between main enzymes responsible on type 2 diabetes mellitus (T2DM) and
phenolic compounds from nettle (Urtica dioica L.) using molecular Docking with Molecular Operating Environment
Software (MOE).Docking results show a common molecule (secoisolariciresinol) which may form stable complexes
with depeptidyl peptidase 4 (DPP-4), alpha-amylase and beta-glucosidase with binding energy of -7.04732084
kcal/mol, -3.82946181 kcal/mol and -4.16077089 kcal/mol respectively. Besides secoisolariciresinol other phenolic
compounds give better docking score than the original co-crystallized ligand for alpha-amylase (PDB ID 5U3A) and
beta-glucosidase (PDB ID 10GS).The obtained results are promising for the discovery of new alpha-amylase and beta-
glucosidase inhibitors. This study confirms also folk use of nettle as antidiabetic agent.

DPP-4

nettle

alpha-amylse

Secoisolariciresinol

Secoisolariciresinol molecule is promising new . beta-glucosidase

common inhibitor of DPP-4, alpha-amylase
and beta-glucosidase.

Figure 1: Graphical Abstract
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calcium concentration
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T Calcium is an important second messenger in signal transduction pathways which regulate a wide variety of
processes, including gene expression, protein synthesis, secretion, muscle contraction, metabolism and apoptosis.
Maintenance of calcium homeostasis is of crucial importance in the proper functioning of cells, and its dysfunction is

associated with many pathological conditions.

Polyphenols, (94 compounds) were tested using molecular docking followed by experimental studies of top-
scoring compunds. SERCA activity was established in non-cellular system. Cell viability, apoptosis, intracellular calcium

level, insulin secretion, and calcium-related protein expression were assessed in pancreatic INS-1E beta cell line.

The results may indicate a key role of SERCA in regulation of events associated with impairment of beta-cells.
Understanding the molecular regulation of calcium homeostasis via SERCA and its impairment may be a novel

therapeutic approach to treating diseases related to ER dysfunction.

This work is a result of collaboration within COST Action CM1407: www.natchem.eu. Supported in the frame
of OPVaV for the project ITMS 26240220040, jointly financed from the sources of EFRR, supported from the Slovak
National grantsVEGA 2/0111/16 and APVV-15-0455, and from the National Research, Development and Innovation
Office, Hungary (NKFIH; K119770). AH acknowledges the Janos Bolyai fellowship of the Hungarian Academy of

Sciences, and the Kalman Szasz Prize.
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The enormous complexity associated to multifactorial diseases, like cancer or Alzheimer’s, featured with numerous
and even unknown etiologies has obliged to introduce hybrid molecules, bearing different pharmacophores in order
to tackle them. One common feature of such diseases is the prevalence of high levels of ROS, leading to the oxidative
degradation of biomolecules. Accordingly, a rational design of new drugs can lead to the incorporation of redox active
fragments to modify the redox status. In this context, we have successfully appliedl‘3 this concept by combining
polyphenolic or chalcogen-containing motifs with a second pharmacophore, like iminosugars, or steroids (Figure 1),

achieving new drugs prototypes with bioactivities ranging from the low micromolar-nanomolar range.
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ADME analisys and toxicological evaluation of a new synthetic antifungal
compound active against azole-resistant candida strains

a,b,c

Francesco Orofino,” Giuseppina I. Truglio® and Maurizio Botta
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Among the opportunistic fungi, Candida species represent one of the most common cause of nosocomial bloodstream
infections. The large use of antifungal agents, most of them launched on the market more than twenty years ago, led
to the selection of drug-resistant or even multidrug-resistant fungi. We have already described a novel class of
antifungal macrocyclic compounds bearing an amidinourea moiety, highly active against various azole-resistant
Candida strains. After setting up a novel gram-scale synthetic approach, one representative of this family, compound
BM1, has been investigated on its in vitro activity and in vivo safety. Our research highlights the in vivo low toxicity
profile of compound BM1, its affinity for the renal system in rats and its good ADME features. Moreover, we confirm
that the molecular target is new and not shared by any other antifungal compound on the market, since our
compound preserves a potent activity also against azole-resistant fungal strains, including C. auris isolates, which

makes it and its sibling compounds a promising novel antifungal class.

H
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Figure 1: Chemical structure of compound BM1.
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Modified ELISA-like assay for investigation of peptidomimetics inhibiting NRP-
1/VEGF-A;¢; complex
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Neuropilin-1 (NRP-1) is a receptor found on the surface of vascular endothelial cells, involved in the angiogenesis
process in physiological and pathological conditions, such as tumor growth and metastasis.™” Overexpression of the
most stimulating pro-angiogenic factor, VEGF-A45, occurs in several diseases, including cancer.”* This indicates that
searching for new molecules, able to interact with NRP-1 as inhibitors of pathological angiogenesis, could play a
crucial role in novel drug development. Biologically active peptides might be appropriate candidates for potential
drugs. We have recently developed branched peptides with the K(hR)XXR sequence, which exhibit a significant
VEGF,65/NRP-1 binding inhibitory effect.’

In our research, NRP-1/VEGF-A¢ binding inhibition assay was optimized. We compared the importance of NRP-1
receptor origin and detection methods. Next, we synthesized branched peptidomimetics with general K(hR)XXR
sequence, containing unnatural amino acids and amide bond mimetics, and examined inhibitory effect on
VEGF65/NRP-1 binding. The results of structure-activity relationship study provide new insight into structural

requirements for inhibition of VEGF,¢;/NRP-1.
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Modulation of relaxation activity of human Topoisomerases by Pt(ll)-based

complexes
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The clinical efficiency of Pt(ll)-based drugs is based on articulate mechanism of action that results from metal ion
reactivity towards protein and nucleic acid. Here we analyzed the effect of two TPAs in comparison to cisplatin and
transplatin on the DNA processivity by human topoisomerases | and lla.. Each tested metal complex produces DNA
adducts with unique geometrical features and, consistently, they exert different effects on the enzymes activity.
Moreover, our results highlighted more subtle consequences on the enzymatic activity by the tested metal complexes
which derive from a combination of preferential DNA or protein platination. As a result, in physiological environment,

we can expect different pathways according to the chemical reactivity profile of each single metal complex.
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1,4-dihydropyridine-benzylidenhydrazon derived AChE inhibitor induces H,S

formation
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H,S-signaling pathways have been described to offer protection against Alzheimer's amyloid vasculopathy and
neurodegeneration. H,S can work in the central nervous system as a neuromodulator to promote long-term
potentiation and protect the nervous system from oxidative stress, apoptosis, or degeneration (1). Dysregulation of
H,S homeostasis is implicated in the pathological processes of AD. Both in vivo and in vitro studies shows that H,S
prevents neuronal impairment and attenuates cognitive dysfunction in the experimental model of AD (1). Previously
we have shown that 1,4-dihydropiridine-benzylidenhidrazon derived C1 coded chemical that we synthesized inhibits
AChE, AB fibril formation and causes destruction of already formed fibrils (IC50: 0.27 uM) (2). Thus we now would like
to study whether C1 causes H,S formation and have potential to be effective in alzheimer treatment by
polypharmacological effects of H,S.

We investigated the effect of C1 (10uM) on basal or L-cysteine (L-cyst;10 mM) induced H,S formation in the presence
and absence of Cystathionine-gamma-lyase (CSE) inhibitor PAG (2 mM) in mouse aorta and lung homogenates by
methylene blue assay. C1 induced basal H,S formation both in lung (1.302+0.05 vs 1.522+0.07, n=6) and aorta
homogenates (0.695+ 0.03 vs 0.782+0.02, n=8-4, P<0.05 Unpaired t-test,). Cl-induced basal H,S formations were
inhibited by PAG significantly in both lung and aorta (0.854+0.05 and 0.622+0.06, P<0.001 and P<0.05, Unpaired t-test
n=6 and 4, respectively,). C1 significantly increased L-cyst induced H,S formation both in aorta (6.173%+0.15 vs
8.04610.28, P<0.001 Unpaired t-test, n=9) and lung homogenates (1.784+0.06 vs 2.286+0.12, P<0.001 Unpaired t-test,
n=8). Augmentation of L-cyst induced H,S formation by C1 was inhibited by PAG significantly in both aorta
(5.99940.29, P<0.001 One way ANOVA, n=4) and lung (1.279+0.03, P<0.001 One way ANOVA, n=3), confirmed that C1
causes endogenous H,S synthesis.

We conclude that C1 can augment L-cysteine-induced H,S formation in vascular tissues and thereby have a potential
to be effective in Alzheimer. Because H,S level is decreased in Alzheimer and H,S production have protective effects in
Alzheimer through inhibition of oxidation and inflammation as well as increasing neuronal dysfunction.

Acknowledgement: We thank Turkish Scientific Research Council TUBITAK for the grant #114S448 and COST action
CA15135.
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Pyrrolo[2',3":3,4]cyclohepta[1,2-d][1,2]oxazoles as potential multitargeting agents
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[1,2]0xazoles represent the core structure of many drug candidates with multiple targets, demonstrating an attractive
scaffold in medicinal chemistry. Diaryl[1,2]oxazoles have emerged as potent analogues of the antitubulin compound
Combretastatin A4 (CA4)2 and several examples of compounds incorporating the isoxazole core are effective against
kinases. 3-Amino-benzo[d]isoxazoles displayed potent inhibitory effects both at enzymatic and cellular levels towards
c-Met tyrosine kinase,® and isoxazolo-quinazolines emerged as potent modulators of MSK1 and PERK kinases.? The
[1,2]oxazolo[4,5-glindole system, previously investigated by us, gave excellent results in preclinical studies’ reducing
in vitro cell growth, impairing cell cycle progression and inducing apoptosis, as a consequence of the inhibition of
tubulin polymerization, in experimental models of diffuse malignant peritoneal mesothelioma (DMPM). Moreover, a
significant in vivo antitumor activity of selected derivatives at well-tolerated doses in a DMPM xenograft model. A
further modification of the original structure led to the new tricyclic derivatives pyrrolo[2',3":3,4]cyclohepta[l,2-
d][1,2]oxazoles, which were synthetized with the aim of exploring both the antimitotic activity and their kinases
seletivity. A series of 26 compounds was screened at the NCI of Bethesda on a panel of 60 human cell lines. Six
compounds showed potent activity with Glsy reaching the nanomolar level with mean graph mid-points (MG_MID) of
0.08-0.41 puM. All compounds were further tested at the Lymphoma Genomics, Institute of Oncology Research (IOR,
Switzerland) on a panel of linphoma cel lines and some compounds showed potent growth inhibitory effect on
selected cell lines. Additionally computational studies will indicate the best predicted selectivity against specific
kinases, which will be confirmed by enzymatic assays. Investigation on the mechanism of action will be carried out to
confirm the new class of heterocycles as multitargeting agents.
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The molecular chaperone HSP90 plays a critical role in controlling proteins folding and their functional activation, thus
in cellular proteostasis. As such, it is involved in most cellular vital pathways having a direct role in the onset and
progression of different pathological processes, like cancer and neurodegeneration. The allosteric modulation of the
enzymatic reaction promoted by HSP90 is an emerging strategy for the development of new therapies. A deep
understanding of the molecular basis of the allosteric mechanism exerted by designed drugs is fundamental to provide
new molecules with increased efficiency and specificity. Because of its high conformational plasticity HSP90 is difficult
to study from a structural point of view and this causes a lack of information on the precise protein-ligand interaction
and dynamical effects. Here, by applying a fully theoretical approach we embarked in a study aimed at defining the
molecular basis of the allosteric effect of an O-aryl rhamnoside benzofuran scaffold, known to be an activator of
HSP90. Using Funnel-Metadynamics we could follow several binding/unbinding events of the ligand and from that we
derived an accurate estimation of the absolute binding free energy. More importantly, we unveiled the molecular
basis behind the allosteric mechanism of the compound. To the best of our knowledge, this work for the first time
presents a study in which an extensive theoretical approach is applied to put in relation the dynamical profile of a
receptor in response to binding/unbinding of a ligand and to decipher the allosteric effects of such process.

Figure 1: Free-energy surface and binding modes description of the HSP90 allosteric modulator
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Multi-target drugs have aroused considerable interest in the last decade, both in academia and in companies, since
their advantages in the treatment of complex diseases and health conditions linked to resistance issues. A further
application of multi-target ligands is their repurposing in the treatment of concomitant diseases." N4S is a spin-off of
the Magna Graecia University of Catanzaro proposed by the research group of Medicinal Chemistry of the Department
of Health Sciences, which provides services to public and private parties in the pharmaceutical and nutraceutical
sector, nationally and internationally. Its main activity consists in carrying out and accelerating the processes of drug
discovery in the field of polypharmacological and multi-targeting, training professional figures in this sector and
enhancing the use of typical products in a nutraceutical perspective.

SINGLE-TARGET DRUG DISCOVERY MULTI-TARGET DRUG DISCOVERY

st BN 1 11 1 .

( :
\ \) O \k\ g 4 : L Polypharmacology NE-MSUENE[_D

Drug repurposing

One-drug one-target “Master Key” compounds 74

Figure 1: Multi-target drug discovery and Net4Science Brand.

N4S offers innovative high-tech services aimed at: a) develop specific platforms to carry out innovative drug discovery
activities; b) enhance the bioactive components of typical products in order to increase their use as functional or
nutraceutical foods; c) train specialists in the pharmaceutical and nutraceutical sectors.
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The prediction of the metabolic profiles of designed molecules is an essential part of all drug discovery projects. The
knowledge about drug metabolic pathways is extremely important for a better understanding of pharmacokinetics as
well as pharmacodynamics of drugs. Metabolism can also contribute to multidrug resistance in infectious disease and

chemotherapy of cancer. Finally, drug metabolites can bestow toxic effects on the human.

In our study, we explore a library of In silico metabolites derived from Virtual Chemotheca Database. Meteor Nexus, a
knowledge-based software for metabolite prediction from Lhasa Limited, has been used for generation of metabolite
database. We analysed around 800 compounds from Virtual Chemotheca, and the Meteor Nexus returned more than
14 000 entries with more than 7 400 unique metabolite structures with a molecular weight between below 871.84

g/mol. An example of a metabolic transformation of compound CMLID459 is shown as Fig 1.

Figure 1: An example of metabolic transformation for compound CMLID459.

We have used the chemoinformatics tools for the analysis of the database of metabolites derived from Virtual
Chemotheca.
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The Human RNA-binding protein (HuR), a ubiquitously expressed member of the Hu protein family, plays an important
role in mRNA degradation and has been implicated as a key post-transcriptional regulator. HuR protein is higher
expressed in several pathologies such as cancer and neurodegenerationl'z. Focusing on the interactions of HUR-mRNA
interactions, combining molecular modeling and STD-NMR approaches we studied the ability of structurally-related
compounds (i.e., flavonoids and coumarins), naturally decorated with different functional groups, as new potential
inhibitor of HUR-mMRNA complex. Starting from the Crystal structure of the two N-terminal RRM domains of HuR
complexed with RNA, deposited in the Protein Data Bank (PDB) with the 4ED5 pdb codez, Molecular Dynamics
simulations and Molecular Docking studies were performed in order to investigate the protein rearrangement and the
theoretical binding affinity of the studied compounds versus HuR protein, respectively. Our results represent the

foundation for the development of potent and selective ligands able to interfere with ELAV—RNA complexes.
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Figure 1: 3D representation of HUR-mRNA complex; the protein and the m-RNA are showed as light orange and
orange cartoon, respectively.
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Recent validations of the ab initio-grounded SIBFA polarizable molecular
mechanics/dynamics potential for inhibitor Zn-metalloenzyme complexes.

Perspectives for large-scale, massively parallel, molecular dynamics simulations.

Nohad Gresh?, Karolina Kwapien?, Léa El Khoury?, Louis Lagardére®, Laurent Salmon®, Jean-Philip Piquemal®
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In the SIBFA polarizable molecular mechanics/dynamics procedure, the interaction energy is formulated as
a sum of five distinct contributions: electrostatic, short-range repulsion, polarization, charge-transfer and
dispersion, formulated, calibrated and validated on the basis of ab initio QC energy decomposition analyses
(EDA). Inhibitor-metalloenzyme complexes are a major domain for its applications. We present validation
tests in two cases: the complexes of hydroxamate-based inhibitors to the Zn-dependent phosphomannose-
isomerase (PMI) enzyme, which is involved in bacterial and parasitic diseases [1, 2], and the complexes of
anionic triazole thione derivatives to the Zn(ll)-binding sites of L1 and VIM-2 metallo-B-lactamases, which
are responsible for the acquired resistance of bacteria to antibiotics [3]. For the PMI-complexes, the QC
validations can encompass up to 280 atoms. FE(SIBFA) matches RIE(QC) with relative errors <2-3% and the
trends in interaction energies of 12 different complexes (four inhibitors in three poses from MD) are closely
reproduced. For the MBL complexes, SIBFA closely reproduces the values of BE(QC) for the binding of three
triazole thione derivatives in the two monozinc and in the dizinc binding site, and the trends of the separate
RIE(QC) contributions. SIBFA is being ported into the massively parallel ‘Tinker-HP’ code [4]. Perspectives for
large-scale molecular dynamics simulations in this context are discussed.
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Figure 1: Complex of the dizinc binding site of VIM-2 Zn-metallo-beta-lactamase with a triazole thione ligand
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Small-molecule immune system modulators to fight Cancer
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Immunotherapy is nowadays a powerful strategy in cancer therapy with very exciting outcomes. In particular,
modulation of immune checkpoint receptors have gain special attention. These immune regulators limit activation
and proliferation of T cells and other immune cells enrolled in these signaling pathways. Under normal conditions,
they are essential in modulating immune responses; however, they are also one of the major mechanisms used by
tumors to evade immune system recognition and destruction. To date, several immune checkpoint receptors have
been identified and used as therapeutics in oncology, as programmed cell death protein 1 (PD-1). When engaged by
one of its ligands (PD ligand 1 (PD-L1) and PD ligand 2) PD-1 limits autoimmunity. PD-1 ligands are upregulated in
many human cancers and their blockade could lead to activation of T cells and therefore enforce tumor recognition. In
fact, PD-1/PD-L1 pathway is one of the most successful pathways in the context of clinical cancer immunotherapy with
several approved drugs. The most successful therapies relay on the use of antibodies. However, despite their
outstanding success, they still have numerous disadvantages as severe immune-related adverse [1, 2].

Recently, the hypothesis of small-molecule modulators as safer therapeutic alternatives has been raised. However,
limited efforts have been directed toward immune checkpoint receptors. Our study is focused on the discovery of
small molecules targeting PD-L1 that can block PD-1/PD-L1 interaction in order to overcome antibody therapy
disadvantages. The limited structural information concerning PD-L1 led us to a detailed structural characterization
based on in silico studies in order to assess structural flexibility, gating or binding pockets. Following a computer
assisted drug discovery approach to achieve PD-L1 inhibitors, we accomplished a de novo design campaign based on
the (2-methyl-3-biphenylyl)methanol derivatives generating several scaffolds. Potential PD-L1 inhibitors were selected
using several parameters.

The binding affinity and functionality of selected PD-L1 inhibitors were assessed on different human and mice cancer
cell lines by ELISA and Flow Cytometry. A multi-target approach have been used to target simultaneously other
immune checkpoint receptors
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The viral surface glycoproteins on HIV-1 and HIV-2 infections: Computer aided
structural elucidation and molecular dynamics
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None of the current drugs effectively prevents entry into the cells and the efficacy of the available drugs is
very limited against HIV-2. HIV envelope glycoproteins mediate binding to the receptor CD4 and co-
receptors at the surface of the target cell, enabling fusion with the cell membrane and viral entry.(1,2,3)
The discovery of multiple new hit compounds that can be used as useful starting points towards drug
candidates for HIV-1 and HIV-2 therapy is the main goal of this work. The viral gp120 and gp125 are critical
to the receptors recognize and allowing internalization of viral content into the cell. Its modulation can lead

to the disturbance of the entry viral mechanism.

In the absence of a crystallographic structure of HIV-2 envelope gpl25 comprising variable domains,
computer aided modulation is crucial to identify structural features in the variable regions that correlate
with HIV-2 tropism and susceptibility. A 3D structure of HIV-2ROD gp125 was generated by homology
modelling, using MOE2016 and MODELLER 9v19. Additionally, to disclose the importance of the main
structural features and compare with experimental results, 3D-models of six mutants were also generated.
These mutations revealed selectively impact in the behaviour of the protein. Additionally, molecular
dynamics is being performed, using Gromacs 2006.3, in order to better characterize the full protein and
disclose its the biological dynamic behaviour. It is primordial to understand the structural behaviour of
these domains inserted in the main structure. The mutations revealed selectively impact in the behaviour
of the protein. Structurally, the mutations studied leads to a loss of aromatic features, very important for

the establishment of r-it interactions, which could induce a structural preference by a specific coreceptor.
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