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CM1407ACTIONSUMMARY

Natural products (NP) have had a major impact on chemistry, chemical biology and
drug discovery and have been part of medical remedies since ancient times.
Nowadays, NP represent a unique source of leads for medicinal chemistry and drugs
derived from NP have found widespread use for the treatment of cancer,
cardiovascular diseases, bacterial and fungal infections. The general aim of this COST
Action is to advance the field and to maintain the high level of expertise in NP
chemistry within Europe by combining synthetic chemistry, computational chemistry,
chemical biology, and pharmacology to find new lead structures of pharmaceutical
relevance. Since chemistry plays a key role in addressing the industrial requirements
for preclinical candidates in terms of physicochemical properties of NP and their
analogues, this Action further aims to promote the translation between fundamental
academic research and industrial drug discovery by means of NP chemistry.

COSTis a unique means for European researchers, engineers and scholars to jointly
develop their own ideas and new initiatives across all fields of science and technology
through trans-European networking of nationally funded research activities.

www.cost.eu
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PROGRAM

Monday, 4™ April

8:15-09:30 Registration of Participants Main Hall. Centro de Investigaciones
Biologicas.

09:30-09:40 Welcome: Maria Jesls Martinez, director of Centro de
Investigaciones Biologicas.

09:40-10:00 Action Chair: Bruno Botta, and MC (Spain) Mercedes Amat —

First Session: Chairman Fernando Diaz, CIB

10:00-10:30 Mattia Mori - Exploitation of an in house library of natural products
in early-stage drug discovery projects. Italy I }

10:30-10:45 Josep Bonjoch - A general synthetic entry to phlegmarine-type
lycopodium alkaloids via a common enantiopure cCis-
decahydroquinoline. Spain [

10:45-11:00 Vittorio Pace - New Perspectives in Lithium Halocarbenoids
Mediated Homologations. Austria ==

11:00-11:30 Coffee Break

11:30-11:45 Oleg Melnyk - The power of protein chemical synthesis for
understanding the activation of the MET tyrosine kinase receptor
by HGF. France B

11:45-12:00 Yngve Stenstrgma - Synthesis of the prostaglandin like natural
P . |-
product (-)-mucosin i a marine natural product. Norway =

12:00-12:15 Maurizio Botta - The First Molecule Interacting with a Host Protein
for the Inhibition of Multiple Viruses. Italy B

12:15-12:30 Janez llas - 2-Aminoimidazoles i synthesis and biological activity.
Slovenia s

12:30-12:45 Yusuf Tutar - An efficient interface inhibitor for HSP70 and its
cochaperone complexes. Turkey

12:45-15:00 Lunch and Poster Session
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Second Session:Chairman, Maria Angela Oliva, CIB.

15:00-15:20 Daniel Lucena-Agell - Using actin as evaluator for anti-metastatic
agents. Spain ==

15:20-15:40 Secil Demirkol - Re-evaluation of the NCI60 data to identify
compounds with selective action on epithelial or mesenchymal
tumor cells. Turkey

15:40-16:00 Maria José U. Ferreira - Collateral sensitivity of multidrug resistant
cancer cells to macrocyclic diterpenes Portugal EN

16:00-16:40 Juan A. Hermoso - The Allosteric Site for the Nascent Cell Wall in
Penicillin-Binding Protein 2a: a n Achill eso He el
Resistant Staphylococcus aureus. Spain =

16:40-17:20 José Manuel Andreu - Targeting bacterial cell division protein FtsZ
with assembly inhibitors and fluorescent probes. Spain ==

17:30-18:30 MC Meeting

20:30 Social Dinner

Tuesday, 5™ April

Microtubule Symposia: Chairman, Isabel Barasoain, CIB.

09:30 -10:15 Invited Expert: lan Paterson - Challenges and Discoveries in
Complex Polyketide Synthesis. United Kingdom E=i=

10:15-10:30 Nick Jacobs - Total Synthesis and Biological Evaluation of
Peloruside Analogues. Belgium il

10:30-11:00 J. Fernando Diaz - Structural determinants of the dictyostatin
chemotype for tubulin binding affinity and antitumor activity against
taxane- and epothilone-resistant cancer cells. Spain i

11:00-11:30 Coffee Break

11:30-12:15 Invited Expert: Wei-Shuo Fang - Evolution of Taxane-based
Anticancer Agents Effective Aganist Tumor Drug Resistance
Mechanisms of Clinical Significance. China &l

12:15-12:45 Maria-Jesus Pérez-Pérez- Chalcones binding at the colchicine-site
in tubulin lead to antitumor and antivascular activities. Spain ==
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12:45-13:00 Graziela Cappelletti - Microtubule defects and targeting agents in
experi mental models .didly Blarkinsondés di

13:00-15:00 Lunch and Poster Session
15:00- 17:00 Meetings of the WORKGROUPS

WGA4.-Robert Schnell - Work plan and early achievements of Working Group 4
(TB) Oct/2015-March/2016

17:00-17:30 Action Chair: Bruno Botta, Closing Remarks, next meeting, Best
Poster Competition Awards
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POSTER PRESENTATIONS

Balaguer, F.A. - [1,2,4]triazolo[1,5-a]pyrimidines are tubulin interfacial assembly
modulators of the vinca site with a novel mechanism of action. Spain

Dini¢a, J. - Pro-oxidant activity of quercetin derivatives in multidrug resistant
human non-small cell lung carcinoma cells. Serbia .

Doron, S. - Human RNASET2 derivatives as potential cancer therapeutic
agents. Israel —=

Estévez-Gallego, J. - Zampanolide binding to tubulin indicates signal
transmission between nucleotide and taxane sites. Spain ||

Fey, S.J. - Active 3D spheroids recapitulate epigenetic marking and can be
used to reveal novel signaling pathways. Denmark &

Hunyadi, A.- What we can provide for collaboration: an overview of our
available compound library. Hungary s

Kivrak, A.- Design And Development of New Synthetic Methodologies For The
Synthesis Of Novel Thieno[c]carbazoles, Turkey

Mastihubova, M. - Synthesis of sugars acylated by polyphenolic acids 1
chemical & enzymatic approaches. Slovakia s

Pajeva, I. - In silico study of ADME/Tox properties of selected flavonolignans.
Bulgaria. =
Parvulescu, V. I. - Tunable chiral organometallic hybrid nanocatalyst for highly

enantioselective hydrogenation of dehydroamino acids. Romania Bl

Piemontesi, C.- First Enantioselective Total Synthesis of Terengganensine A.
Switzerland E3

Pinto, A. - Enantioselective total synthesis of marine alkaloids: lepadins. Spain

C—

Primozi€, I. - Design, Synthesis and Characterization of Bioactive Cinchona
Alkaloid Derivatives. Croatia m

Rijo, P. - Antitumoral Diterpenoids: from Plectranthus spp. isolation to
nanoformulation. Portugal Ex
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Santos, M.M.M. - A brief overview of our spirooxindole and tryptophanol
derivatives with antitumor activity. Portugal El

Stankovic¢,T.- Diterpenoids isolated from Plectranthus spp. are selective towards
human non-small cell lung carcinoma cells with P-glycoprotein

overexpression. Serbia .

Veselinovi¢, A.M.- Monte Carlo method based QSAR modeling of 2H-chromen-
2-one derivatives as potent and selective MAO-B inhibitors. Serbia
=

Vicente, F.- Fundacion MEDINA Collection and HTS Facilities for Natural
Products Discovery. Spain ==

Vincent, G.- Dearomative Arylation of Indoles for the Total Synthesis of Natural
Products. France B il
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Exploitation of an in houselibrary of natural products in early -stage drug discovery
projects

Mattia Mori 2, Simone BerardoZ# Francesca Ghir§aCinzia Ingallind, Paolalinfante? Romina
Alfonsi,® Lucia Di Marcotullio®| | ar i a D ®BAnoatdr i c a
& Center for Life Nano Science@Sapienza, Istituto Italiano di Tecnologia, Roma, Italy.
® Department of Chemistry and Technologyaiigs, Sapienza University of Romigaly.
¢ Department of Molecular Medicine, Sapienza University of Roma, Italy.
E-mail: m.mattia79@gmail.com

Plants have been the most important source of medicines since ancient times, and in the last century
molecules isolated from plants have been the active principles of several drugs approved by the FDA.[1]
Nowadays, natural products still represent a valuable resource in drug discovery,[2] especially thanks to
the evolution of medicinal, computational amdanic chemistry in the design and synthesis of natural
product analogues with improved biological activity.

Our research group has long been focused on the isolation and characterization of natural products,
mostly isolated from plants used in the Blazi traditional medicine, and has collected in the years
more than 850 molecules. They have been recently incorporated in a virtual library, whose chemical and
physicochemical features have been analyzed by means of cheminformatics tools. Although being o
limited dimensions, the library is characterized by a satisfactory chemical diversity and covers a
noticeable portion of the leddi ke chemi cal space according to
fiveo. [ 3, 4]

Following our research interest in identifgimit and lead compounds that modulate the activity of
proteins of therapeutic relevance, recently we screenstico the virtual library against a number of
targets, including but not limited toi the Smoothened receptor and the Glil transcriptiotofaf the
Hedgehog signaling pathway,[5] and the Mycobacterium tuberculosis protein tyrosine phosphatases A
and B.[6,7] Profitable hit and/or lead compounds have emerged from these virtual screening, which are
endowed with biological activityn vitro in the low micromolar or suimicromolar ranges. These
molecules have been further optimized in terms of potency and selectivity by medicinal chemistry
orientedcycles of desigisynthesisbioassay testing, and a compound (GlaB) has been moved forward
in precinical trials.

In summary, the availability of a chemically diverse natural products library, coupled with
computational modeling tools and robust biological evaluation assays and organic chemistry, may
represent a valuable resource in early drug disgover

References:

[1]. Patridge E, Gareiss P, Kinch MS, Hoyer D. Drug Discov Tod@%5 doi:10.1016/j.drudis.2015.01.009

[2]. Koehn FE, Carter GT. Nat Rev Drug Discov. 2005; 4:-206

[3]. CongreveaM, CarrR, Murray C, JhotiHA. Drug DiscovToday 2003; 8 (19),8761 7.
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A general synthetic entry to phlegmarinetype lycopodiumalkaloids
via a common enantiopurecis-decahydroquinoline
Josep Bonjoch, Faiza Diaba, Ben Bradshaw

Laboratori de Quimica Organica, Facultat de Farmacia, IBUB, Universitat de Barcelondoan.
XXIII s/n, 08028Barcelona, Spain

E-mail: josep.bonjoch@ub.edu

The phlegmarine alkaloids, a subset of tiieopodium alkaloids, are of interest for their
biological properties and synthetic challenges. Structurally characterized by -disilhstituted
decahydroquinoline ring and a;{l, skeleton, they can be classdién four types, according to the
relationship of the ring fusion hydrogens with the& lih the decahydroquinoline ring.

A general strategy for the synthesis of phlegmarine alkaloids has been developed and total syntheses of
(+)-lycoposerramine Z,-J-cemizine B, (+}serratezomine A,°(-serralongamine A, and Y-huperzine

N via a common decahydroquinoline have been achieVkd. synthetic access to the all different
stereochemical arrangements of the decahydroquinoline ring core of phlegmarine alkatoioksen
efficiently achieved by the use of organocatalysis, tandem reactions, thermodynamic epimerization,
stereodivergent hydrogenation and Apot and ti me
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New Perspectives in Lithium Halocarbenoids Mediated Homologations

Vittorio Pace

Department of Pharmaceutical Chemistry, University of Vienna, Althanstrasse 14, 1090 Vienna
(Austria).
e-mail: vittorio.pace@univie.ac.at

Organometallic compounds presenting a metal and at least one electronegativeegyol@lagen,
cyano) at the same carbon are referred as carben®rdsr chemistry is characterized by the intrinsic
ambiphilicity between nucleophilic and electrophilic behaviour, deperidinger alia i on the nature

of the metaf.

Ongoing research in our group deals with the employment of nucleophilic lithium Hedaoais in
homologation processes: effectively, the rapid and effective introduction of an halomethylenic fragment
into a given electrophile would guarantee further synthetic elaborations. However, despite the synthetic
usefulness of these reagents, thgtdy applications in organic synthesis have been somewhat limited
by their inherent thermal instability. The reactivity of carbenoids towards electrophiles such as Weinreb
amides® heterocumulenese(g. isocyanates],unsaturated carbonyland disulfide$ will be presented
(Scheme 1) jointly with mechanistic rationale and discussion on the stability of the intermediates
involved in the transformations.
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Scheme 1
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The power of protein chemical synthesis for understanding the activation of the
MET tyrosine kinase receptor by HGF

Oleg Melnyk, Claire Simonneaand Jér6me Vicogne
UMR CNRS 8161 CNRS, Université de Lille, Institut Pasteur de Lille, 1 rue du Pr
Calmette, 59021 Lille Cedex, France.
E-mail: oleg.melnyk@ibl.cnrs.fr

Hepatocyte growth factor / scatter factor (HGF/SF) and its receptor tyrosine kinase
MET are essential for normal development of the vertebrate embryo and tissue regeneration later in life.
Deregulation of MET/HGF signaling plays a crucial role in tumorigenesis and cancer progression.
Understanding how HGF activates its receptor is an rapbstep for designing potent in vivo MET
agonists.

We used the power of protein chemical synthesis and SEA ligation chéihitryacessing
various HGF domains with an atelay-atom control of the protein structure. We focused on attention
on N and K1 domains which constitute the high affinity binding site of HGF for MET. The
incorporation of labels at specific sites enabled their maaiipn and the identification of the main
domain responsible for MET dimerization and activafiofhis work should facilitate the design of
molecules able to block MET activan by HGF.
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Synthesis of the prostaglandin like natural product {)-mucosin i a marine natural
product

Yngve Stenstrgf HarrisonGallantreeSmith?, Simen Antonsehand
Trond Vidar Hanset?

3KBM, NMBU, P.O. Box 5003, N@G1432 As, Norway,
®School of Pharmacy, UiO, P.O. Box 1068, Blindern,-R816 Oslo, Norway,
E-mail: yngve.stenstrom@nmbu.no

Prostaglandins are wethown, bioactive compounds that are highly effective at controlling many
processes in animals and humans such as blood pressure regulation, blood clot reduction during
operations, inducing labour in mothers and are also involved in regulating inflammation. M@3psi
isolated from the Mediterranean Sea spoRgeiera mucosahas a prostaglandiike structure as seen
below! However, they differ from typical prostaglandins by having a bicyclic[4.3.0]nonane skeleton
containing cis-fused hydrogens and varying sideain lengths. So far only one synthesis of the
enantiomer ofl has been publishédwhile the natural product itself has hitherto not been made. The
unique bicyclic motif can be found in some other natural products, as well. We will present a synthesis
of mucosin () with themesabicyclic[4.3.0]ketone %) as a key intermediate. This compound is known

in the literature, but the published procedure for this is lengthy, time consuming and has a very poor
carbon economy. We will present an efficient synthesi 2 starting from 1,4cyclohexadiene. A
desymmetrization reaction gave the bicyclic [-ketoester3 in high optical purity that was employed for

a total synthesis of mucosit)(

COMe

1, Mucosin
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The First Molecule Interacting with a Host
Viruses

Maurizio Botta
Email: botta.maurizio@gmail.com

Department of Biotechnology Chemistry and Pharmaceutical Science, University of Siena, Viale
Aldo Moro 2, Siena, Italy
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2-Aminoimidazolesi synthesis and biological activity
Janez |11 ag

Faculty of Pharmacy, Universityf Lj ubl jana, Adgkerl|leva 7, Ljubl
e-mail:;janez.ilas@ffa.unlij.si

2-Aminoimidazole skeleton represents a unique building block which is often used in the design
of modulators of different targets and therapeutically useful small moldcutgs. Alkaloids isolated
from marine sponges are known to be one of the most common sources ohrtiroRnidazole
compounds and from a medicinal chemistry perspective, the marine alkaloids' fascinating structures as
well as their broad spectrum of phwacological activity make them promising lead compounds for
various druggable targets.

A convenient strategy for scalable synthesis of madugelas species Zaminoimidazole
alkaloids clathrodin, oroidin, hymenidin and their analogs possessing a sawratesaturated linker
moiety was developed. Convenient access ‘@mihoimidazole amines | and Il is crucial for the
synthesis of libraries of clathrodin, oroidin and hymenidin analogs, which were evaluated for their
various biological effects.

Clathrodinand its synthetic analogues were subjected to screening on a broad range of Na
channel isoforms, both in voltage clamp and patch clamp conditions, validating the -Byrrole
aminoimidazole alkaloid structure as a core structure for future small moleasdd Ng channel
modulators.

Using oroidin as a scaffold, 34 new analogues were designed, prepared and screened for their
antimicrobial properties. Of these compounds, 12 exhibited >80% inhibition of the growth of at least
one microorganism at a concentoatiof 50 uM. The most active derivative was found to {mhdny}2-
aminoimidazole derivative, which exhibited MjCvalues of 12.5 uM against the Gragrositive
bacteria and 50 uM againit coli.
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AN EFFICIENT INTERFACE INHIBITOR FOR HSP70 AND ITS COCHAPERONE
COMPLEXES

Yusuf TUTAR?

4Cumhuriyet University, Faculty of Pharmacy, Department of Basic Pharmaceutical Sciences, Division
of Biochemistry, Sivas 58140JRKEY
E-mail: ytutar@outlook.com

Heat Shock Protein 70 (Hsp70) coordinates and cooperates with several Hsp family member to
form a variety of cellular function. Hsp70 play essential role in cancer progression since cancer cells
have higher metabolic rates and reqdaster substrate protein folding to function properly and thus,
inhibition of Hsp70 is essential for cancer therapy (1, 2).

Several inhibitors designed for Hsp family members but Hsp70 complements the function of the
inhibited Hsp protein. To inhibHsp70 complementary substrate protein folding function KBR1307 is
designed. KBR1307 binds to substrate binding region of Hsp70 and eliminates its function. Further, the
inhibitor binds to interface of Hsp70 interacting proteins and prevents Hdag0OH$70 CHIP, and
Hsp70Hsp40 interactions (Figure 1, 2). The inhibitor binds to Hsp70 at all forms; in the presence or
absence of nucleotides and efficiently inhibits Hsp70. The inhibitor is better than the commercially
available Hsp70 inhibitor. Further, KBRB07 does not alter stability and secondary structure of the
protein. In vitro studies at different cancer cell lines and microarray studies highlight the inhibition
mechanism at biochemical level.

Efficacy of anticancer treatment, target validation oncology and early toxicity studies are
underway for KBR1307 and the agent provides promising result as drug template.
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Figure 2. Inhibition of Hsp70-Bag (left) and Hsp7GCHIP (right) interaction with KBR1307.
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Using actin as evaluator for antimetastatic agents
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Metastasis is the last barrier for cancer survival. Behind that pathological process is the
physiological involvement of actin in cell motility and migration. Currently, there are several well
known chemotherapeutic drugs in use that alter the microtalymamics by promoting or inhibiting
microtubule polymerization [1]. However, although several different compounds with a similar effect
upon actin are known, none of them have demonstrated its usefulness as antitumor agent and little
progress has been maidethis field [2]. Therefore, the search and characterization of novel compounds
which inhibit cell motility and migration is crucial in the fight against cancer.

In the present work we introduce different useful methodology in order to evaluate novel
compounds that target actin. Using bothvivo and in vitro techniques we are able to assess the
effectiveness of these compounhtsvivo assays allow preliminary evaluation of the biological target of
agents which should be later validated using biocbalrand biophysical techniques which allow to
measure the effect of the compounds on the actin polymerization and to determine the binding constant
of them for the protein. We also are able to obtain structural characterization of the complex by using X
ray crystallography.

To present this methodology we focus in our studies upon Aplyronines (Aps), which are
cytoskeleton inhibitor agents with a novel mechanism of action. Firstly, we have examined the effects of
synthetic Aps upon cell microtubule and mitlaament dynamics. Our first results based on the
characterization of Aps cytotoxicity in different cell lines have demonstrated that we are in front of
potent cytotoxic agents. In addition, usimgvitro actin polymerization assays we have observed that
synthetic Aps are strong inhibitors of actin polymerization in the same manner as the natural Aps [3].
On the other hand, using a-sedimentation method we are able to achieve thefkAps to actin.

Finally, we are characterizing Aq@&tin complex struatres by obtaining a crystal of the complex.
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Re-evaluation of the NCI60 data to identify compounds with selective action on
epithelial or mesenchymal tumor cells
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Although epithelial to mesenchymal transition (EMT) is a biological event applicable to all tumor
types studied so for, published gene signatures defining the epithelial or mesenchymar siatcsr
cells or tissues have been mostly tissue specific. Recent studies showed that EMT status can be
determined with certain gene lists independent of titgoe. We used one such list (1), as well as one
we generated ourselves to analymesilico the NCI60 cell line panel (2 ,3), which had not been
performed thus far, due to its innate tissue heterogeneity. Our analysis revealed that the EMT based
classification was also related to the stemness status of cancer cell lines in NCI60. In this estudy, w
aimed to identify drugs with differential effects on mesenchymal @ites)y and epithelial (nostem
like) groups regardless of the tissue type. We thus identified compounds that caused growth inhibition
of either epithelial or mesenchymal cells, armberved groups of drugs behaving in a similar pattern.
Proteomic analysis of cell lines within each group identified pathways related to sensitivity of drug
subgroups. Our study demonstrates a novel use for the NCI60 database and might help us understand
the major mechanisms that should be targeted for both types of cancer cells.
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Collateral sensitivity of multidrug resistant cancer cells to macrocyclic diterpenes
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The development of collateral sensitivity agents is one of the most promising strategies to
overcome multidrug resistance (MDR) in cand®dDR cells that are cros®sistant to structurally and
functionally unrelated drugs can simultaneoulsty more sensite to other agents than the original
parental cells. Therefore, this approach can lead to the selection of compounds that are highly effective
against drugesistant phenotypégs].

Our group has bedoncused on the search for anincercompounds. Maarcyclic diterpenes of
the jatrophane and lathyratype, from Euphorbia species, were found to be promising ABCB1
modulators [2].The aim of this study was to pursue our searclafdicancer compoundsy evaluating
thepotentialcollateral sensitivityeffect of several macrocyclic diterpenes obtained by both isolation and
molecular derivatizatiof2,3]. The MDR-selective antiproliferative activity of compounds was assessed
against gastric (EPG&%7) and pancreatic (EPR88B1) human cancer cells and thdimugselected
counterparts (EPG8857RDB, EPG8®257RNOV, EPP8381RDB, EPP8A81RNOV). The best
results were obtained for a gastric MDR cell lilee most active compounds were further investigated
using theannexin V/propidium iodidend caspasg assays, on theame cancer entitie¥hey were able
to induce apoptosis via caspaSeactivation.Collectively, macrocyclic diterpenes are promising lead
structuredor the development of MDR reversal agents.

Acknowledgements Fundacéo ara a Ciéncia e a Tecnologia (FCT), Portugal (project PTDCHRIEQ/0905/2012.
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The Allosteric Site for the Nascent Cell Wall in PenicillinBi ndi ng Pr ot ei n 2a:

Heel of Methicillin-ResistantStaphylococcus aureus

Juan A. Hermoso

Depart ment of Crystallography and Structur al Bi c
CSIC, Madrid, Spain;

The ability to resist the effect of a wide range of antibiotics makes methigBistantStaphylococcus
aureus (MRSA) a leading global human pathogen. A key determinant of resistance to [l-lactam
antibiotics in this organism is pieillin -binding protein 2a (PBP2a), an enzyme that catalyzes the
crosslinking reaction between two adjacent peptide stems during the peptidoglycan biosynthesis. The
recently published crystal structure of the complex of PBP2a with ceftaroline, a cephialastibiotic

that shows efficacy against MRSA, has revealed the allosteric site -At diStance from the
transpeptidase domain. Binding of ceftaroline to the allosteric site of PBP2a triggers conformational
changes that lead to the opening of the aditeefrom a closed conformation, where a second molecule
of ceftaroline binds to give inhibition of the enzyme. The discovery of allostery in MRSA remains the
only known example of such regulation of eethll biosynthesis and represents a new paradigm in
fighting MRSA. In the talk we summarize the present knowledge of this resistance mechanism as well
as development of novel molecules disrupting the allosteric mechanism of this important human
pathogen.



Targeting bacterial cell division protein FtsZ with assembly inhibitors and fluorescent
probes
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FtsZ is an attractive target for the discovery of new antibiotics, needed to fight the widespread
emergence of resistant bacterial pathogens. Assembly machines from the-Ristilsuperfamily of
GTPases are essential for most cells to segregate DNAdivitke. Their different polymers can do
work even without the assistance of motor proteins. FtsZ forms-timgyZhat coordinates the divisomal
machinery in most bacteria. FtsZ is a structural homolog of tubulin, assembles into dynamic polar
filaments smilar to microtubule protofilaments, and hydrolyzes bound GTP at the association interface
between consecutive subunits, which triggers disassembly

Assembly of FtsZ can be selectively inhibited by several modified nucleotides (giving insight
for further nhibitors), by natural chrysophaentins (extracted from a marine alga but complete synthesis
not achieved) and by synthetic GTéplacing inhibitors of bacterial cell division. Thus sevesalall
molecules specifically bind to FtsZ monomers with micromalffinities, impair FtsZ assembly, the
localization of FtsZGFP to the division ring iBacillus subtilis(Bs), and display antibacterial activity
against Granpositive pathogens including antibictiesistantStaphylococcus aureu$a). We now
seek chemidaliverse FtsAargeting cell division inhibitors with enhanced antibacterial activity.

Large scale molecular dynamics (MD) simulations ofF8 filamentsdentify a coordinated
Mg?* ion as the key element in closing the nucleotide site and stabill@nGTP association interface,
whereas with bound GDP the loss of the contacts with loop T7 from the next monomer leads to opened
interfaces and curving filaments that are more prone to depolymerization.

In addition to the GTP/GDP chemical signal for asdgrdisassembly, the structure of FtsZ
subunits switches between a low association affinity conformation in monomers and a high affinity
conformation when assembled in filaments. The MD simulations recapitulate the FtsZ assembly switch
suggested by structalr comparisons, which includes an opening of the cleft between -tearthal
domain and H7 helix, coupled to a tight association interface between consecutive subunits, whereas
isolated and minusend subunits relax into the closed cleft conformation. @tiective antibacterial
PC190723 binds into the open cleft and allosterically stabilizes FtsZ filaments. We have designed
fluorescent PC190723 analogs that bind te &% SaFtsZ polymers rather than to monomers, with
which we can monitor FtsZ assemblyheBe small probes permit direct imaging of theng in living
cells and may be useful to screen for new antibacterials targeting the FtsZ assembly switch.




Challenges and Discoveries in Complex Polyketide Synthesis
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Natural products have long provided a rich source of structurally diverse and pharmacologically
important compounds for drug discovery, and continue to drive advances in organic synthesis and
chemical biology. However, as the promising biological activstyoften mirrored by their scarce
natural abundance, particularly for secondary metabolites isolated from marine organisms, an efficient
total synthesis is often critical to help solve the supply problem and access novel analogues, enabling
detailed explaation of their mechanism of action. An overview of recent work from our group will be
presented directed towards the stereocontrolled synthesis of several rare polyketides with potent
antimitotic activity and potential therapeutic utility in cancer chem@ipy, including leiodermatolide,

the aplyronines and the spirastrellolides. Each of the targets selected presents a distinct set of
challenges for achieving an efficient synthesis, inspiring the development of new methods and
strategies to circumvent thumanticipated problems encountered.
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Total Synthesis and Biological Evaluation of Peloruside Analogues
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(+)-Peloruside A 1) and Peloruside B?2j, isolated from the spongdycale Hentscheli are
polyoxygenated 1@nembered macrolides which display cytotoxic activities at nanomolar
concentrationS! Peloruside functions as an antitumor agent by inhibiting microtubuli depolymerization
during cell division? This mode of action is similar to that of Paclitaxel and Epothilone. However,
Peloruside possesses several therapeutic adyntaver the current chemotherapeutics, rendering it
highly interesting as a promising anticancer drug. First, Peloruside binds to a unique binding site on
tubulin® As a consequence, Peloruside retains its activity in resistant cancél aefls showsa
synergetic effect with other microtubedgabilizing drugs, which allows the use of Peloruside in
combination therapi€d.Secondly, Peloruside is more hydrophilic compared with Paclitaxel and shows
better pharmacokinetié®.This makes it less susdépe as a substrate for thegp efflux system.

R = Me: Peloruside A (1) Pelofen B (3) C11 and C43 analogues
R = H: Peloruside B (2)

Recently, our research group synthesized a novel phenyl analogue of Peloruside, nicknamed Pelofen B
(3).I" Biological screening revealed that, despite its simplified structure, Pelofen still shows a
pronounced microtubule stabilizing activity. In the context of a SAR study of this lead compound,
several G; and Gs analogues were synthesized and biologicalpl@ated.
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Microtubulestabilizing agents (MSA) are an important class of clinically used anticancer drugs that
target tubulin, the main component of the microtubule (MT) cytoskeleton that is responsible for
segregation of chromosomes during cell division. Although firototypical paclitaxel and docetaxel
have demonstrated great efficacy in inhibiting the growth of solid tumors, solubility problems and the
development of resistance have stimulated the search for other chemotypes with similar modes of action
but improved pharmacological profiles. A detailed characterization of the dictyostatin chemotype shows
that this macrolide is highly optimized for microtubule binding and that only a few of the structural
modifications featured in a library of synthetic analogsilted in small gains in binding affinity. The

high efficiency of this chemotype in overcoming various kinds of clinically relevant chemoresistance
mechanisms highlights its potential for therapeutic development for the treatment eksisignt
tumors. ts synergistic effect with paclitaxel is attributed to the opposite effects of these drugs on
microtubule interprotofilament contacts. Therd§ crystal structure of a tubuliictyostatin complex

and additional molecular modeling have allowed the ratipai@dn of the structuractivity
relationships for a set of synthetic dictyostatin analogs.
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In our continuous efforts to improve the efficacy of taxaaeed microtubule (MT) stabilizing
agents against tumor drug resistance mediated by multiple mechanisms, two clinically relevant factors
were focused: i.e.,-B | y c o p r odlleubulin averaxprebsion. By the manipulation of different
substitutions on baccatin (core structure of taxanes) as well as core structure rearrangement, we have not
only found some highly cytotoxic taxanes which are active against both mechanisms, bukdlsp tr
reveal how to improve the activity on either drug resistance mechanism through multidisciplinary means.
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Vascular Disrupting Agents (VDAS) constitute a particularly promising therapy among the
current approaches for innovative anticancer treatments since they halt the blood supply to existing solid
tumors leading to necrosis. [1] In particular, compounds ltiad the U Bubulin heterodimenat its
colchicinebinding site are being deeply studied as VDASs, the most representative exampléhbeing
natural product combretastatin A4 (€A However current candidates in clinical trials suffer from
several drawbacksuch as low chemical stability and poor solubility. [2]

Based on the structures of natural products that bind at the colehinoiiag site in tubulin, we
have addressed the synthesis of a series of chalb@s®zl compounds. Interestingly these compsund
showed antiproliferative activity against tumor and endothelial cells in the low nanomolar range.
Competition assays in cell culture as well as fluorescent assays confirmed that these compounds bind at
the colchicinebinding site in tubulin with Kd valiein the order of 70M™. In addition, the crystal
structure of our prototype compound in complex with tubulin has been solved to high resolution
providing evidence of how chalcone binding desta
studies,a prodrug strategy was applied that improved the solubility 20l@0compared to the parent
compound. This prodrug, when administered locally or systemically, reduced the growth and metastasis
of orthotopically implanted mouse melanoma B16.F10.luc2 andahubreast cancer MDKB-
231.luc2 cells in mice. Thus, we may conclude that we have in hand a very promising family of
antitumoral compounds targeting the colchienieding site in tubulin.

Acknowledgements: This project has been financed by the Sp&liMECO (SAF2012397663C02-01), Comunidad de
Madrid (BIPEDDZ2; ref P2010/BME2457) and the COST action CM1407 (to S.L., M.O.S. aidD).)
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Around ten years ago, the first evidence that targeting microtubule (MT) system could be a potential
strategy in slowing down neurodegeneration was
looking at its muiple hit hypothesis, up to now a marginal attention has been dedicated to the MT
system. Indeed, the concept that MT dysfunctions can participate in, and perhaps lead to, PD
progression, has been evoked by evidence coming frombased and genetic expaental models of

the pathology. However, many open questions remain. Is MT dysfunction the cause or simply a by
product of neurodegeneration? Are MTs targetable for neuroprotection in PD? In the attempt to get an
insight into this intriguing issue, wevastigated MT system in multiple PD models.

In the context of studies on FiBduced neurotoxins, we investigated the impact eohéthyt4-phenyt
1,2,3,6tetrahydropyridine MIPTP) and its toxic metabolité-methyt4-phenylpyridinium MPP") on

MTs in vitro, in cultured neuronal cells and in mouse mod®e showed thaMPP" reduces MT
polymerization and interferes with dynamic instability of MMsvitro acting as a destabilizing factor

[1]. Then, we extended these results reporting that M&fls to MT alteration in neuronal cell and, in
turn, to mitochondrial trafficking impairmefi2]. Finally, we showed that systemic injection of MPTP

to mice induces MT dysfunction, that occurs very early, and that repeated daily administration of the
MT-stabilizer Epothilone D rescued MT defects and attenuated nigrostriatal degeneration induced by
MPTP[3].

In the context of studies on models of genetic PD, we focused dPattien gene,responsible for the
majority of the Autosomal Recessive Juvenilekifeonism Starting from primary neurons obtained
from Parkin knockout mice, we analysed MT dynamics and intracellular trafficking by live cell
imaging. We observed that parkin absence induces a faster MT growth, thus making MT more
dynamics, and triggerhe impairment of mitochondria transport. Interestingly, the treatment with the
MT stabilizer Taxol rescues the mitochondria transport defects. Next, we mowatkio knockout

mice and analysetlibulin posttranslational modifications that are usuallyedsas marker of MT with
different stability. We showed that alterations accumulate over time with MT dysfunction preceding
defects in axonal transport. Finallwe looked at iPS@erived dopaminergic neurons obtained from
familial PD patients bearinBarkin mutations and found that acetylated MT are more fragmented inside
neuronal process of patiedérived dopaminergic neurons, as compared to those of controls.
Collectively our data converge on the view that MT dysfunction occurs very early in the onset of
neuronal damage in PD models and, indeed, strongly suggest that MTs could represent a reliable target
for neuroprotection.

This work was supported by Fondazione Grigioni per il Morbo di Parkinson (Milano, Italy).
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The Working Group 4 with the topic tuberculosis (TB) is built on the particidemts Portugal, Italy,
Bulgaria, Netherlands, Denmark, Sweden. The scope of expertise includes natural product isolation and
chemical synthesis, protein chemistry, structural biology, structure based inhibitor design, evaluation of
compounds on live mycobteria in culture and in cultured macrophages. Since natural products are
superior in celpenetration and pharmacokinetic properties compared to compounds in most chemical
libraries we set out to identify chemicals available within the COST network tddpre@stablished

leads with activity against M. tuberculosis (Mtb) and novel, but know mechanism of action (MOA).
Besides the obvious screening of compounds against live bacteria and established targets (>100 tested in
this period), we built up a strateglowork plan to focus on compounds with the best properties. Novel
compounds with growth inhibitory effect on cultured bacteria (known etnawn MOA or target) are

tested on macrophage resident Mtb. The compounds that kill the pathogen in this moelekalsiic

model than a liquid culture will be studied further to identify their target though proteomic studies.
Subsequently, the target specific binding studies and structural studies including a set of analogues are
going to inform about the initialtsictureactivity relationships. The collective information is expected

to identify effective compound with known MOA and serve information about rational improvements.

In the given 6 months period we established the contacts and the compounds availableagers

with reasonable growth inhibitory effect entered the test pipeline on macremsdent M.
tuberculosis
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[1,2,4]triazolo[1,5-a]pyrimidines are tubulin interfacial assembly modulators of the vinca
site with a novel mechanism of action
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[1,2,4]triazolo[1,5a]pyrimidines are a family of cytotoxic agents which has been described to have a
mix of paclitaxellike and vincalike properties. As expected, a series of compounds with this
chemotype inhibit cell division with sub micromolar activity blocking the cell cycle in the G2/M phases
and modify the structure of the cellular cytoskeleton in a MSA like mode. The compounds target
tubulin, enhancing Hvitro tubulin polymerization with a critical concentration behavior, induce tubulin
oligomerization in a M dependent way and bind exclusively to the oligomerizated forms of the
protein and not to stabilized microtubules or unassednhtlimers in a substoichiometric way, indicating
an interfacial binding site. The binding of more representative compound has been studied using kinetic
techniques and proceeds in a two step mechanism with a binding constant of the ordevidf A0
similar binding constant has been determined for all the family of compounds using analytical
ultracentrifugation techniques.

The high resolution Xay structure of the complex betwegntubulin, tubulintyrosin Ligase
and RB3 has been determined. The compound binds to the well known vinblastine binding site, altering
the structure of the bound TTT2R complex (which is not the case for vinblastine) inducing a more
straight structure. Duto the smaller size of the compound and its enhanced interactions with the [J-
tubulin subunits, it promotes the longitudinal association of oligomers, although in a distorted way. This
mode of action results in a pseudo paclitdied biochemical and ckllar effects, responsible of the
mode of action previously described, but the wedge effect of the compound in the interface strongly
perturbs the structure of the tubulin assembly products, which were not microtubules but helical
polymers similar to thesaduced by vinblastine at high concentrations.



Pro-oxidant activity of quercetin derivatives in multidrug resistant human nonsmall cell
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Novel semisynthetic derivatives were prepared with the aim to modulate redox properties and improve
the bioavailability of quercetin. Synthesis was performéa selective protection procedures of
guercetin and acylation with acylchlorides [1]. Radical scavenging and redox properties of quercetin (Q)
and its six derivatives chloronaphtoquinoneQ (CNQ), diquercetin (DQ), trichloropivaloyP (),
monoacetylfanolylQ (MAFQ), monochloropivaloylQ (MPQ) and morpholinohydroxypropoxyQ (5
MHP) were analyzed experimentally and by using theoretical calculations. Radical scavenging activity
according to the DPPH test decreased in the order: CNQ>MPQ>Q>OR83-MAFQ>5MHP. The
peroxynitrite scavenging ability of Q and its derivatives, determined by pyrogallol red, dropped as
follows: Q>MPQ>CNQ and quantum chemical calculations also indicated lower antioxidant capacities
for MPQ and CNQ. The proxidant activity estimated bguantum chemical calculations decreased in

the order CNQ>MPQ>Q and correlated with the determinedg®idp decrease induced in
sarcoplasmic reticulum. The biological activity of Q derivatives was investigated indffiarent

human cell linesnontsmall cell lung carcinoma NGCH460 and its multidrug resistant counterpart NCI
H460/R, normal keratinocytes HaCaT, and normal embryonal bronchial epithelial cellsSMRC
Cytotoxicity of the compounds was examined by the MTT test after 72 h treatment. DR ,and

MPQ showed the highest anticancer potential. To detect peroxynitrite.@adedels in NCiH460 and
NCI-H460/R cells, dihydrorhodamine (DHR) flegytometric assay was applied\ll compounds
showed antioxidant potential in sensitive N@460 cells, wile CNQ was highly prebxidative in
multidrug resistant NGH460/R cells. As previously shown, NEKU60/R cells decreased their
intracellular defense mechanisms due to an efficient membrane defense system [2] which may explain
the enhanced anticancer etfe€ CNQ in multidrug resistant cancer cells.
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In silico study of ADME/Tox properties of selected flavonolignans
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Silymarin, the active substance of milk thistlBilfjbum marianu and its main compongn
silybin, are products with weknown hepatoprotective properties [1]. Additional promising activity of
these flavonolignans is the antitumor effect that is associated with their cytoprotective, antioxidant, and
chemopreventing properties [2]. Despitghstantialin vitro and in vivo research, the mechanisms of
action and adverse effects of the flavonolignans in milk thistle are not fully defined [3]. In order to
address this issue we explored important ADME/Tox properties and biochemical interactelextad
flavonolignans usingn silico methods.

For evaluation of bioavailability after oral administration we used a QSAR model for prediction of
passive gastrintestinal absorption of low molecular weight compounds utilizing data derived by
parallel atificial membrane permeability assay (PAMPA) methodology [4]. Toxicity and metabolism
predictions were performed by the knowledgesed expert systems Derek Nexus and Meteor Nexus
(Lhasa Ltd). Toxicity prediction showed potential estrogenic activity @sthdied silybins, however, it
did not differentiate between the effects of their stereocisomers.

Based on reports that silybins exert stereospecific effect on the estrogen receptor (ER) [5], we
further investigated the interactions of the stereoisomeric forms of silybin and dehydrosilybin by
docking the compounds into the ligahohding domain (LBD) 6 the human ER  ( MOE sof t war
CCG) . Our results suggest that the compounds <can
the stereoisomers showed different poses and interactions into the receptor LBD. For example, silybin
B, in contrast to silyim A, was able to perform specific interactions with residues similar to or located
next to the residues the natural ligand estradiol interacted with.

A homology model of the inwarthcing form of human multidrug resistance (MDR} P
glycoprotein (Pgp) with a linker between its halves was built and several conformations competent for
drug binding were generated using hightroughtput molecular dynamics simulations (Schrédinger
software, Schrédinger). These conformations will be used for studying the imdesactf
flavonolignans with Ryp in line with their ability to inhibit the 4p transport function in MDR cells
[2].
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Human RNASET2 is a TRNase glycoprotein encoded by RBIASET2ene which is located
on chromosome 6 (6g27) and known as a tumor suppressdr Beteses are now the focus ofjreat
deal of attention because of their newly discovered activities and applications, particularly in cancer
biology*®. RNases unguely influence several functions in the tumor cell simultaneously. They
demonstrated the ability to overcome mudltiug resistance and to enhance the cytotoxicity of a variety
of anticancer agentsin cancer cells, the structure of the actin network is related directly to malignancy
potential, because it determines cell motilityFurthermore, in endothelial cells, it has been
demonstrated that surfaeetin plays a critical role in angiogenésit previous work in our lab, a
natural product extracted from thenfyus Aspergillus niger, a TRNase termed ACTIBIND was
identified and its homologous human protein, the human RNASET2, both proved to be effective in
inhibiting clonogenicity and angiogenesis activity vitro and in vivo. The inhibitory effect was not
medated by their ribonuclease activity, but, rather, by their ability to bind actin and therefore to disrupt
cell migration and malignancy potentill Therefore a truncated version of the human RNASET2 gene
(trT2-50 in short) having incomplete RNase active site, was constructed and expressed in E. coli. The
truncated protein possesses atiimding activity and is effective in preventing angiogenesis|
tumorogenic affeét These results confirm that actin binding activity, but not RNase activity, mediates
the antiangiogenic and anticarcinogenic activithoman RNASET2. Therefore, we believe that short
derivatives of hRNASET2 that bind actin will also display -aatigiogenesis abilities similar to the full
length protein. After screening different synthetic peptides for their ability to bind actin it in
angiogenesis we found a 26 amino acid peptide (peptide-K138), which is the minimal active
derivative displaying these properties, similarly to the full length prdt€iar work is now focusing on
determining the minimal active peptide frahe hRNASET2 protein (a peptide shorter than 26 AA) that
has the ability to bind actin via peptide array and concomitantly inhibit angiogenesis similarly as the full
protein and peptide K16B133. Moreover, to shed light on the putative mechanism ofrabtyowhich
the hRNASET2 associated proteins inhibit angiogenesis.
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The marine natural product Zampanolide (ZMP) and its analogs constitute a new chemotype of taxoid site
microtubulestabilizing agents with a covalent binding mechanism [1]. The adductibl/in induces changes in tubulin,
resulting an assemblyctivated state of the protein, favouring side interactions with tubulin protofilaments to form
microtubules.[2]

To meet the quest for more effective drugs with a MSA mechanism of action, it is of utmost importance to understand the
mechanism that these compounds use to stabilize microtubules. Two different mechanisms have been proposed to account for
the stabilizaibn effect of paclitaxel site ligands on microtubules. Prota et al have observed that Epothilone A or Zampanolide
binding to the site induce the structuring of th&dbp, an structural element involved in stabilization of the microtubule

lattice by increaing lateral protofilament interactions [3] on the other hand Nogales et al propose that nucleotide hydrolysis
leads to a compaction around thsike at the longitudinal interfaces that is inhibited by Paclitaxel [4].

In this study we have characteriztb@ biochemical properties of the covalently modified, activated
tubulin dimer and we have determined the effect of tubulin activation by ZMP on the binding of tubulin
ligands at other binding sites. The covalent binding of ZMP to-toétalin affects bdt the Colchicine
as well the exchangeable nucleotide binding site, while these global effects do not change the tubulin
binding affinity of Peloruside or Laulimalide.
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Active 3D spheroids recapitulate epigenetic marking and can be used to reveal novel
signaling pathways.
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Cells grown inactive3D spheroidcultures have physiological performances that mimic that seen in
human tissues better than cells grawr2D culture[1-4]. We will present two additional applications
for testing natural compounds and their derivatives which influence: 1) epigenetiaogn&rR) protein
oxidative signalling pathways.

1) Epigenetic marking of DNA have been shown to play a fundamental role in regulation ef DNA
templated processes. Both pusinslational modifications (PTMs) of histone proteins and histone
clipping (proteoytic cleavage of histone #&rminal tails) are recovered in active 3D spheroids (but is
not seen in 2D cultures) [5].

2) By analysing the redox proteome of hepatocytes treated with therapeutic doses of paracetamol
and quantitating both individual proteabundance and their reversibleni®osylation (SNO) and -S
sulfenylation (SOH) modifications (by mass spectrometry) we have been able to reveal that the cell uses
protein oxidation as a novel signalling pathway to maintain its energy balance. This pradition
response is coordinated, directly or indirectly, by the canonical Wnt and Nrf2 paracrine signalling
pathways [6].
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What we can provide for collaboration: an overview of our available compound
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Herein we briefly summarize the following groupt compounds we are currently working on:
ecdysteroids, protoflavone derivatives, oxidized metabolites of cinnamic acid derivatives, and
prenylated phenolic antioxidants isolated from plant sources.

Ecdysteroids are of potential interest from many aspéttsy are arthropod hormones, and many
plant species utilize them as a chemical defense against herbivores. These compounds are known to
exert various nofmormonal metabolic activities in mammals via partially understood mechanisms; e.g.
they are known toactivate Akt, a presurvival kinase, which can, however, sensitize cancer cells
towards oxidative apoptosis [1]. The most abundant of these compountlyd&ixyecdysone, is a
worldwide used notn or monal , i gregelated danalaolicdagem ¢2h Marof our sem
synthetic derivatives are efficient chersensitizers both in susceptible and MDR cancer cells [3]; ca.
50-60 derivatives are available.

Protoflavones, fuinol B-ring containing oxidized flavonoids and their derivatives, are potent
antituma agents also interfering with DNA damage response through the ATR/ATM signaling {4]. 20
25 semi and total synthetic derivatives are available.

Biomimetic oxidation of cinnamic acids yields potent antiproliferative metabolites, we have
recently started fated work on pcoumaric acid; to date, we have one active metabolite and many more
are expected in the near future.

In another recently started initiative, we are performing isolation of lipophilic antioxidants from the
root bark ofMorus nigra up to nowwe can present two prenylated flavonoids which are available up to
the hundred mg scale.
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Carbazole and derivatives have emerged as central candidates for pharmaceutical applications
since they show remarkable analgesic, -aritammatory, anti-bacterial antiparasitic, antitussive,
hypoglycemic, antitumor and/or anticancer activities. Many synthetic methods have been employed for
the synthesis of this heterocyclic compounds and they have also been isolated from different kinds of
plants andused to treat different diseases for many years. On the otherhand, there are a few studies for
thienocarbazoles which may have critical biological properties. Thienocarbazoles are bioisosters of
pyridocarbazoles which have a broad range of biological iaesivincluding anticancer, antibacterial
and antifungal properties. In this study, we developed new methodologies for the synthesis of
potentially biologically active thienroarbazole derivatives containing fused heteroaromatics. The
details will be presat at the meeting.
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Synthesis of sugars acylated by polyphenolic acidschemical & enzymatic
approaches

Maria Mastihubovéa, Andrej Chyba, Peter Kis, Elena Potocka, Vladimir Mastihuba

Laboratory of Biocatalysis and Organic Synthesis, Institute of Chemistry,
Slovak Academy of Sciences, Dubravska cesta 9, 845 38 Bratislava, Slovakia
E-mail: chemjama@savba.sk

The sugar residues partial-acylated by phenolic acids occirequently inthe plant world.

Plenty of articles had appeared which describe isolation of this type of substances from medical plants
or studies of their biological activitiés. Their preparation by synthetic methods is however rarely
reported and often problematiDifferent complications have usually occurred in late stages of-multi
step syntheses when phenolic acyl groups should be finally deprotected. The possibility of direct
regioselective enzymatic acylation of appropriate unprotected sugars or glycosidesiseithf
corresponding donors of phenolic acids can greatly simplify the synthesis.

Several commercial enzyme preparations comprising high levels of different esterases side
activities have been tested in our laboratory. In the past we investaateptot and donot specificity
of Lipolase 100Ti the lipase that comprised feruloyl esterase activity and effectively catalyzed
acylation of glycosides by different aromatic acldsRecently we focused on relatively unknown
polyphenol acids esteras&sA scale of crude enzymes was tested on caffeoyl and galloyl esterase
activities. Lipozyme TL I M was sel ectgeabsidassont he b
primary hydroxyl in high yields. For example, the optimized method for cd#igon of arbutin
provided robustaside B in 75% preparative yfelthe galloylation of model glucoside in different
conditions occurred only in moderate yield$o compare methods of enzymatic and conventional
galloylation of sugars our total synthesfshamamelitannin from Bibose will be presented as wéll.
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HO o) o 0 OH

HO 0.0
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Robustaside B Hamamelitannin
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Introduction

Currently, the ability to synthesize&nantiomerically pure compoungdays a crucial role for the preparation of modern
pharmaceuticals and vitamins, but also of agrochemicals andHamicals [1,2]Moreover, the separation and recycling of
the catalysts from the reaction mixture is in most of the cases a difficultlteathing of the noble metals represents another
very important impediment. Therefore, th&mmetric reactions inegeral, and hydrogenation, as a particular case, continue to
demanda highattention with the scope to construct chiral molectddswing green and efficient routes [3].

In this work we report on the enantioselective hydrogenation of dehydroaminaiaiciggecoverable heterogeneous catalysts
prepared via immobilization of chiral rhodium complexes onto hybrid nanocatalysts (Scheme 1).

Experimental

The catalytic tests were carried out using a combinatorial approach searching for the best combithetiohiral complex

organic solvent leading the higher reactivity and enantioselectivity for each class of the investigated substrates. The
optimization of the reaction conditions (e.g., substrate/catalyst ratio, reaction temperature, hydrogen prgasiaresolvent

nature) were controlled using the same approach. Afst er reac
were determined by HPLC or GC using a chiral columhe catalysts were characterized using specific technigsies a
physisorption of Nat-196 °C, HTPR, H-chemisorption, XPS, and FIR spectroscopy.

 NHCOCE, Hy _WHCOOCH,
RCH=C —— pO,—
“ooox * “ooor
R=H, R'=H
R, B

Scheme 1. Asymmetric hydrogenation of dehydroaminoacids

Results and discussion

The asymmetric hydrogenation of dehydroamino acids (Scheme 1) was investigatgd rhodium bound to chiral

phosphorous ligands immobilized on functionalized CNTs. Screening of the solvents showed an enhancement of
enantioselectivity working in nonprotic solvents. Thus, both THF anddli4ox ane afforded the hydr
acetandocinnamicacidtoMcet yl ami ne with ee as high as 83%, at room tem
substrates as well. The increase of the pressure also exhibited a beneficial effect. Thus, at a pressure of 40 bar, the
hydrogenation of mthyl 3:aminocrotonate, in addition to an increase of the reaction rate, led to an increase in ee till 95% ee in

the R configuration.

Conclusions

The organometallic complexes have bemrccessfully docked onto functionalized CNTgost notable, the supped

complexess howed a very good act i v-{atylamind) acrylictahic andy paficeablg,eanbettei on o f
enantioselectivity than the homogeneous counterpart. This work opens new prospects for the development of hybrid
enantioselective catats on carbon nanostructures.
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Terengganensine A, an eburnane indole alkaloid, was isolated in 1997 Kopsia
terengganensiby Pais and coworketsThis heptacyclic compound contains an unusual -tiige
structure involving the indole nitrogen with six stereogenic centers, one acetal and two aminal functions.

HO
H N 7 steps from commercially available materials
23% overall yield and 95:5 e.r.
N 0 Full control of the diastereoselectivity
\r Confirmation of the absolute configuration
(o)

We report herein the first enantioselective tetathesis of terengganensing Starting from simple
commercially available materials, we obtained terengganensine A in 7 steps and 23% overall yield with
complete diastereocontrol and 95:5 enantiomeric ratio.

This synthesis also confirmed the absolwtefiguration of the natural product.
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Enantioselective total synthesis of marine alkaloids: lepadins
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The lepadin alkaloids, comprising eigtis-decahydroquinoline members, were identified from
1991 to 2002 from different marine sources such as the tun@ateslina lepadiformis flatworm
Prostheceraeus villatystropical marine tunicat®idemnumsp., and Australian Great Barrier Reef
ascidian Aplidium tabascum Lepadins A and B have been shown to exhibit signifidganwitro
cytotoxicity against several human cancer cell I##8dn addition, lepadin B is a potent blocker for
neuronal nicotinic acetylcholine receptors (nAChR's). LepadinB Bave low cytotoxicity but
significant and selective antiplasmodial and antitrypanosomal actfvity.
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O i )J\/\/\/\
(-LepadinC x=0;R= I _oH (+)-Lepadin HR = )W\/\ (+)-Lepadin GR = NS

In the context of our studié®n the use of phenylglycinalerived chiral hydroquinolone lactams
for the enantioselective synthesis of alkaloids, we will present our studies on the synthesis of the lepadin
family of alkaloids, which have culminated in thatheses of -J-lepadins ACand (+}lepadin D?
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Common intermediate
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The bark of theCinchonatrees is the source of a variety of alkaloids, the most famous are
cinchonine, cinchonidine, quinine and quinidine. They are wuseful in organic chemistry as
organocatalysts for asymmetric synthesis, but also in treating malaria (quinine), and possessisg va
analgesic, antinflammatory and arntiarrhythmic properties.[1] Thus, ten quaternary derivatives of
cinchonines and their corresponding pseadantiomeric cinchonidines were designed and synthesized
to evaluate their antibacterial activity. Quateation of quinuclidine ring was carried out with groups
different in their size: methyl and differentigetaand para substituted benzyl groups. All compounds
were prepared in good yields and were characterized by standard analytical spectroscopy frigthods (
and 2D NMR, IR, MS).[2] The antibacterial activity of 22 compounds was evaluated against seven
recent clinical isolates of antibiotic susceptible Giaositive and resistant Gramegative pathogens by
determining their zone of inhibition and minimum iinitory concentrations.[3] The bioactive assay
showed that some compounds displayed equivalent or even better antibacterial efficiency in comparison
with standard antibiotics. Furthermore, tested compounds exhibited considerable antibacterial efficiency
against Gramnegative isolates. Cytotoxicity of compounds with different cell lines in human cell
culture was checked. These results pointed out promising new class of antimicrobials that could have an
effect as novel therapeutics.
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Antitumoral Diterpenoids: from Plectranthusspp. isolation to nanoformulation
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®UCIBIO/REQUIMTE, Laboratério de Microbiologia, Departamento de Ciéncias Biolégicas,
Faculdade de Farmacia,
Universidade do Porto, Rua de Jorge Viterbo Ferreira n.° 2280413, Porto, Portugal
“Instituto de Investigacédo do Medicamento (iMed.ULisboa), Faculdade de Farmécia da Universidade
de Lisboa, Av. Prof. Gama Pinto 16893 Lisbon, Portugal

E-mail: patricia.rijo@ulusdona.pt

The Lamiaceadamily is a valuable source of bioactive natural products, namely diterpenes, which are
frequently found in thélectranthusgenus. These compounds are useful to obtain new lead molecules

for their chemical diversity and potential interest in the treatment of cfijcdihe cytotoxic screening

of Plectranthusspp. extractsK. ecklonii, P. grandidentatuand P. madagascariensiamong others)

and its evaluation in suitable cancer cell §®DA-MB-231, HCT116, MCF and H460) led to the
identification of cytotoxic diterpenoids and the optimization of its isolation.

From P. madagascariensisvere identified the cytotoxic coleon U, 6dffe hydr or oyl €anone,
di hydr oxyr o-foimglaxys6ofin e d r oY r oy | e @aetoxyé thydeoxybyleandie.

Coleon U have been obtained previously fremgrandidentatusand showed cytotoxicity in several
cancer <cell lines [2], somewhat rel ated o0 the
dehydroroyleanone (18% w/w) were obtained frdt madagascariensiaising an optimized
hydrodistillation extraction procedure. In addition, this compound was used to prpdlyceeric

coated gold nanoparticles according to Siévaal and this method veaoptimized in order to target the

desired cells.

The aim of this work is to use the potentiRlectranthusgenus diterpenoids for the development of
antitumoral drug leads and the feasibility of its incorporation into nanoparticle formulations for enhance

their delivery and selectivity.

Acknowledgements: PADDIC 20162017 (ALIESCOFAC) and part of the PhD Program in Health Sciences from
Universidad de Alcala and Universidade Lus6fona de Humanidades e Tecnologias.
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A brief overview of our spirooxindole and tryptophanol derivatives with antitumor
activity
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Spiroxindole and indole[2;8]-quinolizidine motifs present in numerous alkaloids are important
scaffolds due to their broad bioactivity profiles. For this reason, following our interest in the
development of novel chemical fams with different biological activities (see figure), in the last years
our research group has been developing libraries of spirooxindole and enantiopure indole derivatives to
activate the p53 pathway. Here we will present our most recent results ptithezation of these small
molecules, which have shown potémt/itro andin vivo antitumor activity [13].
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Diterpenoidsisolated from Plectranthusspp. are selective towards human nesmall cell
lung carcinoma cells with Rglycoprotein overexpression
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Humanidades e Tecnologias, Campo Gragdé, 1749024 Lisbon, Portugal
“Instituto de Investigacdo do Medicamento (iMed.ULisboa), Faculdade de Farmacia da Universidade
de Lisboa, Av. Prof. Gama Pinto 16893 Lisbon, Portugal

E-mail: tijana.andjelkovic@ibiss.bg.ac.rs

The medicinal plants are considered valuable sources of new drug Rled$&anthus genus
(Lamiaceae) plants are used in the traditional medicine of southern Africa namely, the treatment of
cancer. This may be related to the presence of bioactive diterpenes [1].

Considering this, the biological activity of ten diterpenoids (Hal, ParR@y, RoyBzClI, Plec C, DeH

Roy, DiH Roy, DGPP, Ac.Ros and P4) isolated froRlectranthusspp. was investigated in three
different human cell linesxonsmall cell lung carcinoma N€H460, its multidrug resistant counterpart
NCI-H460/R with the overexpre®n of Rglycoprotein (Pgp) membrane transporter [2], and normal
embryonal bronchial epithelial cells MR& Diterpenoids cytotoxicity was examined by the MTT test
after 72 h treatment. The most active diterpenoids were Parv D, Roy anBzRhyRoy showd
significant selectivity towards cancer cells, while Parv D and-Bo@l were equally active against
normal cells. Although less potent, DeH Roy, DiH Roy and P4 were also selective to cancer cells. More
importantly, Parv D, Roy, ReBzCl, DeH Roy, DiH Rg and P4 all showed the same efficacy in
sensitive and multidrug resistant cells implying that these compounds are not substrates for P
glycoprotein. Rhodamine 123 is a fluorescengpP substrate which intercellular accumulation is
proportional to the menthne transporter activity.-§p overexpressing N€H460/R cells were treated
with 5 €M diterpenoi ds -dgpaativiiyzwashmeasuared via thedamina h2B b i t i «
accumulation assay. RdzCl showed similar efficacy as D&ER, a known FRgp inhibitor that was

used as a positive control. Further study should be employed to show the sensitization potential of
diterpenoids.

Acknowledgements:This research was supported by the Ministry of Education, Science and Technological Development of
the Republic of Serbia (Grant No 11141031) and COST Action CM1407.
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Monte Carlo method based QSAR modeling of 2Kthromen-2-one derivatives as
potent and selective MAOB inhibitors
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The Monte Carlo method was used for QSAR modeling ofc®irfbmen2-one derivatives as
potent and selective MA® inhibitors [1]. QSAR model was developed for a series of 6-Caldmen
2-one derivatives [2]. QSAR model were calculated with the representatithe ofiolecular structure
by the Simplified Molecular Inpdtine Entry System (SMILES). One split of molecular data has been
examined into the training and test set. The statistical quality of the developed model is very good [3].
Calculated model had follang statistical parameters:  0.8269 for the training set anti= 0.8588,
andpl av) = 0.,63WD1837 tontlie tegdrset. Structural indicators considered as molecular
fragments responsible for the increase and decrease in the inhibition activity have been defined. The
computeraided design of new 2ldhromen2-one derivatives as potent and seleefAO-B inhibitors
has been applied by using defined structural alerts. In addition molecular docking and molecular
dynamics studies have been employed for further analysis-chBhnen2-one derivatives.
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Fundacion MEDINA Collection and HTS Facilities for Natural Products Discovery
Francisca Vicente, PhD

Area Head Screening and Target Validation
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Innovadores en Andalucia

Fundacién MEDINA is a nowprofit publici private partnership created discover new compounds

and innovative therapies for unmet medical needs

Fundacién MEDINA offers one of thavor | d 6 s mo st producti ve and
filamentous fungi, actinomycetes, bacteria and plants for discovery of secondary metabolites,
making it available screening for pharmaceutical, agricultural, cosmeceutical and nutritional
agents. MEDINA ha collective experience with and unbroken historical ties to some of the most
important natural products discoveries of recent decades. Therefore, it provides the expertise and
tools for maximizing the likelihood of success of screening the collection.

In addition, the Fundacion has extensive experience in-tiighughput screening (HTS) with
natural products and across a broad diversity of formats and technologies. Furthermore, the
MEDINA group offers a safety platform for the evaluation of early drugdaates in drug
metabolism systems, cardiotoxicity and neurotoxicity assays, as well as their cytoxicity profiling.

We will describe these collections in detail, along with some of their history, and will discuss how
this productive resource can be acessshrough collaborations or fder-service arrangements.
MEDINA's stateof-the-art services are ensured by thigh degree of automation in the screening
platform.
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The nucleophilicity of the indole nucleus at C3 is well establisheatohirast the electrophilic
character of indoles has been less studied but is a fascinating emerging Wpiare particularly
interested in the generation of sp3 carbon centers through the reaction of the C2=C3 bond & indoles.

We took advantagef éhe unusual electrophilic character of the indole nucleus to develop in the last
years several methods to achieve the synthesis of arylated indolines related to natural products such as
diazonamide A, bipleiophylline or phalariffe We will present ourrecent progress in this field
including the activation of BAc indoles by FeGF*? or the oxidation of indoles into
halogenoindoline§®

R3
3 Arylative
\\_R? Dearomatization
NE —_—
R

diazonamide A bipleiophylline phalarine
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