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PL001

ZIKA VIRUS: AN OLD VIRUS WITH A NEW FACE

Tatjana Avšič Županc

University of Ljubljana, Faculty of Medicine, Institute of Microbiology and Immunology, Ljubljana, Slovenia

Zika virus (ZIKV) is a mosquito-borne flavivirus that represented a public health emergency during the recent

epidemic. This obscure virus was limited to sporadic cases in Africa and South East Asia until the outbreaks in

the Pacific in 2007 and 2013, and during the recent emergence of Zika virus in Brazil in 2015, when it rapidly

spread throughout the Americas. Most ZIKV infections are subclinical or characterized by mild self-limiting

symptoms including fever with a rash, conjunctivitis and arthralgia. However, neurological complications, by

triggering Guillain-Barré syndrome in adults, and neurodevelopmental abnormalities, including microcephaly in

babies born to infected mothers, known as congenital Zika syndrome (CZS), have released remarkable advances

in understanding the transmission, spread and adverse outcomes of infection. In addition to mosquito vectors,

sexual transmission of ZIKV was established and diagnostic studies have confirmed viral RNA in semen, and

vaginal secretions of symptomatic patients up to 6 months following the onset of symptoms. Besides, ZIKV is

most closely related to the four serotypes of Dengue (DENV) and the sequence similarity between ZIKV and

DENV poses unique issues for diagnosis and vaccination, and has implications for disease pathogenesis due to

antibody cross-reactivity.Currently, neither a specific antiviral drug nor a vaccine is available for treating or

preventing ZIKV infection. However, there are several promising drug targets encoded by the virus or present in

host cells.Vaccine development is an active and challenging area of research, but concerns for ZIKV vaccine

development include immune-mediated enhancement (ADE) of DENV infection and Guillain–Barré syndrome

due to the possible induction of autoreactive antibodies and/or T cells. Thus, current preventive strategies rely on

decreasing infected bites, particularly in pregnant women, and on providing up-to-date recommendations to

reduce the risk of non-vector transmission of Zika virus.
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PL002

IT'S A SMALL MOLECULE WORLD: MEDICINAL CHEMISTRY

CHALLENGES AND OPPORTUNITIES FOR THE NEXT DECADE

Bayard Huck

Merck Healthcare, Merck KGaA, Darmstadt, Germany

The drug discovery industry is constantly shifting and changing.  Medicinal Chemists must be nimble in their

quest as drug hunters to identify new medicines of the future.  This talk will elaborate the challenges and

opportunities of medicinal chemistry that will accelerate progress to benefit patients. 

5



PL003

SYNTHETIC GLYCOCONJUGATE VACCINES AGAINST

BACTERIAL INFECTIONS

Peter H. Seeberger

Max-Planck Institut for Colloids and Interfaces , Am Mühlenberg 1, 14476 Potsdam, Germany

Most pathogens, including bacteria, fungi, viruses and protozoa, carry unique sugars on their surface. Currently,

several glycoconjugate vaccines against bacteria are successfully marketed. Since many pathogens cannot be

cultured and the isolation of pure oligosaccharides is difficult, synthetic oligosaccharide antigens are an

attractive alternative. In this plenary lecture I will describe a medicinal chemistry approach to the development

of semi- and fully synthetic glycoconjugate vaccines against severe bacterial infections, including resistant

hospital microorganisms. This approach is fueled by oligosaccharides prepared by automated glycan assembly

1,2

that has been commercialized.

3

Quality control of synthetic oligosaccharides is ensured by ion mobility mass

spectrometry (IM-MS).

4

Vaccine programs aimed at protection from a series of Streptococcus pneumoniaeserotypes,

5Clostridium difficile
6

and Klebsiella pneumoniae7

have progressed to the late preclinical stages and are now advanced to the clinic by 

Vaxxilon AG.

Synthetic oligosaccharides serve as basis for tools such as glycan microarrays and for the production of

monoclonal antibodies.

References

1) Plante, O.J.; Palmacci, E.R.; Seeberger, P.H.; Science2001, 291, 1523.

2) Seeberger, P.H.; Acc. Chem. Res. 2015, 48, 1450.

3) Hahm, H.S.; Schlegel, M.K.; Hurevich, M.; ... Seeberger, P.H.; ProcNat Acad Sci USA,2017, 114, E3385;

www.glycouniverse.de

4) Hofmann, J.; Hahm, H.S.; Seeberger, P.H.; Pagel, K.; Nature2015, 526, 241.

5) Parameswarappa, S.G.; Reppe, K.; Geissner, A.; .... Seeberger, P.H.; Cell Chem. Bio.2016,23, 1407; Schumann, B.;

Hahm, H.S.; …. Seeberger, P.H.; Science Transl. Med. 2017, 9, eaaf5347; Seeberger, P.H.; Pereira, C.L.; Govindan, S.;

Beilstein J. Org. Chem. 2017, 13, 164. Lisboa, M.P.; Khan, N.; Martin, C.; Xua, F.-F.; Reppe, K.; Geissner, A.; Witzenrath,

M.; Govindan, S.; Pereira, C.L.; Seeberger, P.H.; PNAS2017,114, 11063.

6) Martin, C.E.; Broecker, F.; Oberli, M.A.; …..Seeberger, P.H.; J. Am.Chem. Soc.2013, 135, 9713; Broecker, F.; Hanske,

J.;…. Seeberger, P.H.; Nature Comm. 2016, 7, 11224; Broecker, F.; Martin, C.E.; Anish, C.; Seeberger, P.H.; Cell Chem.

Bio.2016,23, 1014.

7) Seeberger, P.H.; Pereira, C.L.; Khan, N.; Xiao, G.; et al. Angew.Chem.Int.Ed.2017,56, 13973.
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PL004

THE THERAPEUTIC CHALLENGE OF THE NEW ERA:

DEVELOPING AND MAKING AVAILABLE LIFE CHANGING

TREATMENT TO PATIENTS WITH RARE DISEASES

Diego Ardigó

R&D Rare Diseases Unit Head, Corporate Drug Development, Chiesi Farmaceutici S.p.A., Via Palermo, 26 A, 43122
PARMA, Italy

Rare diseases individually affect a small percentage of the population and in the most extreme cases only a

handful of patients worldwide. However, it is estimated the existence of more than 7000 of such conditions and,

taken together, they collectively affect more than 5% of the worldwide population. These conditions are often

orphan of effective disease-modifying treatments and their epidemiology is so limited that would not support the

return of investment in developing new treatments needed by pharma companies to make new therapies

available. Orphan drug legislations and regulatory/ financial incentives are now established in many geographies

to support profit and no-profit organizations in the development of new treatments for these conditions.

Nevertheless, the field of rare disease remains highly challenging in terms of developing, licensing, and bringing

to patients new drugs. In addition to the technical complexities due to the limited biological and medical

knowledge available on many of these diseases, their genetic nature and pathophysiology, and the small size of

trial populations, new challenges have emerged in terms of economic sustainability and technologies needed to

treat some of them (e.g. advanced therapies). The presentation will provide a technical, medical, regulatory, and

economic picture of the present of rare disease drug development and commercialization from the perspective of

a pharmaceutical industry and will highlight the existing challenges together with a perspective on the future of

the field.
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PL005

SUGARS & PROTEINS: GLYCOMIMETICS TO TARGET

INFECTIOUS DISEASE

Benjamin Davis

Oxford University, Chemistry Research Laboratory, 12 Mansfield Road, OX1 3TA Oxford, United Kingdom

Our work studies the interplay of biomolecules – proteins, sugars and their modifications.

Strategies to both diagnose, monitor and treat pathogens have never been more urgently needed. The, often

unique glycobiology of pathogens reveals not only fascinating mechanistic biology but also suggests potentially

selective strategies for targeting and intervention in associated disease.[1-5]

This lecture will cover emerging areas in our group in the chemical glycobiology of pathogens, particularly

bacterial pathogens, and the use of this knowledge to develop novel, potentially medically-relevant strategies.

 

References

1) Nature Chemical Biology 2011, 7, 228

2) Nature Chemistry 2012, 4, 539

3) Nature Chemistry, 2013, 5, 651

4) Nature Chemistry, 2016, 8, 242

5) Nature Chemistry, 2016, 8, 461
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PL006

DEVELOPMENT OF NON-NUCLEOSIDIC COMPOUNDS AGAINST

DNA VIRUSES OF THE HERPES GROUP. THE ERA AFTER

NUCLEOSIDES: LETERMOVIR AND PRITELIVIR

Helga Rübsamen-Schaeff

AiCuris Anti-infective Cures GmbH, Wuppertal, Germany

While viruses like HIV or Hepatitis C have seen very active research for antiviral drugs, allowing to turn the

HIV-infection from a death sentence into a manageable disease and to cure Hepatitis C, there was only very little

activity in the search for novel drugs against viruses of the herpes group. Most existing drugs are

polymerase-inhibitors and the majority of them are nucleoside analogues, with the known shortcomings of this

compound class.

In an attempt to generate novel drugs against herpes viruses with increased potency and/or tolerability, we chose

to address different viral targets with novel chemical compound classes. Pritelivir, a primase-helicase inhibitor

was discovered as a highly potent drug against Herpes Simplex Virus and Letermovir, a quinazoline targeting the

viral terminase, was generated against the Human Cytomegalovirus. In a clinical phase II study, Pritelivir has

shown superiority over the present “gold standard” Valtrex. In a phase III study, Letermovir was shown to

protect stem cell transplanted patients from HCMV-reactivation leading to an increased survival rate. Letermovir

has meanwhile been licensed in several countries and was introduced into the market as Prevymis

TM

. The

research strategies leading to the choice of these novel viral targets and to the optimization of the compounds

will be discussed.
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PL007

SMART CHEMICAL PROBES: FROM BROMODOMAIN LIGANDS TO

NATURAL PRODUCTS

Cristina Nevado (1), Andrea Unzue (1), Amedeo Caflisch (2), Aymeric Dolbois (1), Riccardo Cribiu (1),

Maria Maluzynska-Hoffman (1), Tim Knehans (2), Pawel Sledz (2), Laurent Batiste (2), Vlad Pascanu (1),

Manuela Brutsch (1), Xuan Wang (1), Dimitrios Spiliotopoulos (2)

1) Department of Chemistry, University of Zurich, Winterthurerstrasse 190, CH 8057, Zurich
2) Department of Biochemistry. University of Zurich, Winterthurerstrasse 190, CH 8057, Zurich

To expand chemical space and ensure synthetic accessibility is of upmost importance for the discovery of

lab-designed binders for novel protein classes as well as for the development of compounds against hard-to-drug

proteins. Here, we will present AutoCouple, a de novo approach to computational ligand design focused on the

diversity-oriented generation of chemical entities via virtual couplings. In a benchmark application, chemically

diverse compounds with low-nanomolar potency for the CBP bromodomain and extremely high selectivity

against the BRD4(1) bromodomain were achieved by the synthesis of about 50 derivatives of the original

fragment.1,2,3

On the other hand, natural products continue to be a prolific source of bioactive compounds. However, in most

cases, their exact cellular targets remain unknown. Here we will present a computational-target-derivatization

combined approach to unravel the mode of action of iriomoteolide-3a, a 15-membered macrolide recently

isolated from Amphidinium sp. Our results showcase iriomoteolides as novel and easily tunable chemical probes

for the in vitro study of actin dynamics in the context of cell motility processes including cell invasion and

division.4,5       

References

1) Unzue, A.; Xu, M.; Dong, J.; Wiedmer, L.; Spiliotopoulos, D.; Caf-lisch, A.; Nevado, C. J. Med. Chem. 2015, 59, 1350.

2) Unzue, A.; Zhao, H.; Lolli, G.; Dong, J.; Zhu, J.; Zechner, M.; Dol-bois, A.; Caflisch, A.; Nevado, C.; J. Med. Chem.

2016, 59, 3087.

3) Batiste, L.; Unzue, A.; Dolbois, A.; Hassler, F.; Wang, X.; Spiliotopoulos, D.; Nevado, C.; Caflisch, C. ACS Central

Science, 2018, 4, 180.

4) Cribiu, R.; Jager, C.; Nevado, C. Angew Chem Int Ed Engl, 2009, 48, 8780.

5) Unzue, A.; Cribiú, R.; Hoffman,M. M.; Knehans, T.; Lafleur, K.; Caflisch, A.; Nevado, C. Chem. Sci. 2018, 9, 3793.
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AL001

TOOLS AND DRUGS FOR PURINE TARGETS – IMPORTANT

PLAYERS IN INFLAMMATION AND CANCER

Christa E. Müller

PharmaCenter Bonn, Pharmaceutical Institute, Pharmaceutical Chemistry 1, University of Bonn, An der Immenburg 4,
D-53121 Bonn, Germany, christa.mueller@uni-bonn.de

Purine nucleosides and nucleotides are important extracellular signaling molecules that activate cell membrane

receptors. Adenosine (or P1) receptors and P2Y nucleotide receptors are G protein-coupled receptors (GPCRs),

while P2X nucleotide receptors are ligand-gated ion channels. The concentrations of extracellular nucleosides

and nucleotides are tightly regulated by ecto-nucleotidases including ecto-nucleoside triphosphate

diphosphohydrolases (ecto-NTPDases, CD39), ecto-nucleotide pyrophosphatases (ecto-NPPs, CD203a) and

ecto-5’-nucleotidase (CD73).

Nucleoside and nucleotide signalling plays a major role in all parts of the body especially under pathological

conditions, e.g. in inflammation, pain, immune reactions and cancer. While nucleotides such as ATP are

pro-inflammatory and increase pain sensation, adenosine is strongly immunosuppressant and involved in the

immune escape of cancer cells. In addition, GPCRs activated by the nucleobase adenine have been identified and

designated P0 receptors. Our group has focused (i) on the development and characterization of assays, tool

compounds and drugs for P0, P1 and P2 receptors and ectonucleotidases, and (ii) on studies directed towards

gaining structural information regarding protein-ligand interactions. Moreover, we have explored a series of

orphan GPCRs related to purine-activated receptors. Recently, we have been developing tools for directly

studying and inhibiting G proteins.
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AL002

HOW BEST TO DISCOVER BIOACTIVE SMALL MOLECULES?

Adam Nelson

School of Chemistry and Astbury Centre for Structural Molecular Biology, University of Leeds, Leeds, LS2 9JT, UK

Our knowledge of the biological relevance of chemical space is based, to a large extent, on its historical

exploration by synthesis (and biosynthesis). However, chemists’ exploration of chemical space has been uneven

and unsystematic: the known organic chemistry ‘universe’ is dominated by a small number of scaffolds that are

found in a large number of small molecules.  Developing synthetic approaches that allow broad tracts of

chemical space to be explored has proved extremely challenging.

This presentation will describe synthetic approaches that can underpin the discovery of novel bioactive small

molecules.  Synthetic approaches that allow the systematic variation of ligand scaffold will be described,

including an approach that yielded natural product-like molecules with unprecedented skeletal diversity.  Finally,

a novel approach to bioactive small molecule discovery will be described - activity-directed synthesis - in which

bioactive small molecules emerge in parallel with an associated synthetic route.
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AL003

ACTIVITY-BASED PROTEOMICS - PROTEIN AND LIGAND

DISCOVERY ON A GLOBAL SCALE

Benjamin Cravatt

Department of Chemistry, The Scripps Research Institute, La Jolla, CA 92037

Advances in DNA sequencing have radically accelerated our understanding of the genetic basis of human

disease. However, many of human genes encode proteins that remain uncharacterized and lack selective

small-molecule probes. The functional annotation of these proteins should enrich our knowledge of the

biochemical pathways that support human physiology and disease, as well as lead to the discovery of new

therapeutic targets. To address these problems, we have introduced chemical proteomic technologies that

globally profile the functional state of proteins in native biological systems. Prominent among these methods is

activity-based protein profiling (ABPP), which utilizes chemical probes to map the activity state of large

numbers of proteins in parallel. In this lecture, I will describe the application of ABPP to discover and

functionally annotate proteins in mammalian physiology and disease. I will also discuss the generation and

implementation of advanced ABPP platforms for proteome-wide ligand discovery and how the integration of

these global ‘ligandability’ maps with emergent human genetic information can expand the druggable fraction of

the human proteome for basic and translational research objectives.
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PR001

THE CHALLENGES OF RESTORING PROGRAMMED CELL DEATH

THROUGH MCL1 INHIBITION

Márton Csékei

Servier Research Institute of Medicinal Chemistry Záhony u. 7., 1031 Budapest, Hungary, marton.csekei@servier.com

Tumour cells that harbour genetic mutations and are recognized as abnormal should be naturally eliminated but

they maintain their existence by a combination of multiple activities – also known as the hallmarks of cancer [1].

One of these hallmarks is the evasion of apoptosis, the programmed cell death. The restoration of the apoptotic

cascade in tumor cells has long been recognized as a promising way to treat cancer but the major members of

this protein family, BCL2, MCL1, and BCL-xL have remained elusive targets decades long for drug discovery.

Helped by our better understanding of these targets and increased expertise in inhibiting protein-protein

interactions the decade long efforts of the pharmaceutical industry has recently been rewarded by the

identification of potent and selective inhibitors for some family members [2,3].

The presentation overviews the challenges we faced in our discovery program and the solutions that helped our

progress. A particular emphasis will be given to the earlier stages of the project where establishing reliable and

relevant assays, structural biology tools, and a robust SAR to drive medicinal chemistry had to be tackled in

parallel. The lessons learned during this period will also be summarised since they could help fellow medicinal

chemists in tackling new complex targets.

References

1) D. Hanahan, R.A. Weinberg Cell, 2011, 144, 646.

2) A. Ashkenazi, W.J. Fairbrother, J.D. Leverson, A.J. Souers Nature Reviews in Drug Discovery, 2017, 16, 273.

3) A. Kotschy, Z. Szlávik, J. Murray et al. Nature, 2016, 538, 477.

15



PR002

CARBOHYDRATE-BINDING PROTEINS AS TARGETS FOR

ANTI-INFECTIVES AND DIAGNOSTICS: ESKAPE PATHOGEN

PSEUDOMONAS AERUGINOSA AND ITS LECTINS

Alexander Titz

Helmholtz-Institut für Pharmazeutische Forschung Saarland, Saarbrücken, Germany

Pseudomonas aeruginosa causes a substantial number of nosocomial infections and is the leading cause of death

of cystic fibrosis patients. This Gram-negative bacterium is highly resistant against antibiotics and further

protects itself by forming a biofilm. Moreover, a high genomic variability among clinical isolates complicates

therapy.

Its lectin LecB, a carbohydrate-binding protein, is a virulence factor and necessary for adhesion and biofilm

formation.[1] We analyzed the sequence of LecB variants in a library of clinical bacterial isolates and

demonstrate that it can serve as a marker for strain family classification. LecB from the highly virulent model

strain PA14 presents 13% sequence divergence with LecB from the well characterized PAO1 strain. Despite

several amino acid variations at the carbohydrate binding site, glycan array analysis showed a comparable

binding specificity for both variants.[2]

Based on the crystal structures of the lectin with its glycan ligands, we dissected the contributions of individual

functional groups to protein binding in a biophysics-guided approach. This knowledge was then used for the

development of small and drug-like glycan-based molecules as LecB inhibitors as future anti-biofilm compounds

in chronic P. aeruginosa infections.[3-7] Multiparameter optimization yielded potent anti-biofilm compounds for

both strain types and oral availability in mice.[8]

Thus, the different LecB sequences serve as marker for strain classification, but due to comparable ligand

selectivity, LecB is a highly promising target for anti-virulence therapies, addressing members from both P.
aeruginosa families, PAO1 and PA14.

In contrast, LecA binds galactosides with much lower affinity hampering therapeutic intervention at this target.

Therefore, we have developed the first covalent inhibitor of a lectin and employed this LecA-specific irreversible

inhibitor for LecA-dependent biofilm imagining of P. aeruginosa.[9]

References

1) Wagner, S.; Sommer, R.; Hinsberger, S.; Lu, C.; Hartmann, R.W.; Empting, M.; Titz, A. J. Med. Chem. 2016, 5929-5969.

2) Sommer, R.; Wagner, S.; Varrot, A.; Nycholat, C.; Khaledi, A.; Häussler, S.; Paulson, J.; Imberty, A.; Titz, A. Chem. Sci.

2016, 7, 4990-5001.

3) Sommer, R.; Hauck, D.; Varrot, A.; Wagner, S.; Prestel, A.; Möller, H.M.; Imberty, A.; Titz, A. ChemistryOpen 2015, 4,

756-767.

4) Hofmann, A.; Sommer, R.; Hauck, D.; Stifel, J.; Göttker-Schnetmann, I.; Titz, A. Carbohydr. Res. 2015, 412, 34-42.

5) Sommer, R.; Exner, T.E.; Titz, A. PLoS ONE 2014, 9(11): e112822.

6) Hauck, D.; Joachim, I.; Frommeyer, B.; Varrot, A.; Philipp, B.; Möller, H.M.; Imberty, A.; Exner, T.E.; Titz, A. ACS

Chem. Biol. 2013, 8(8), 1775-1784.

7) Beshr, G.; Sommer, R.; Hauck, D.; Siebert, D.C.B.; Hofmann, A.; Imberty, A.; Titz, A. Med. Chem. Commun. 2016, 7,

519-530.

8) Sommer, R.; Wagner, S.; Rox, K.; Varrot, A.; Hauck, D.; Wamhoff, E.-C.; Schreiber, J.; Ryckmans, T.; Brunner, T.;

Rademacher, C.; Hartmann, R. W.; Brönstrup, M.; Imberty, A.; Titz, A. J. Am. Chem. Soc. 2018, 140(7), 2537-2545.

9) Wagner, S.; Hauck, D.; Hoffmann, M.; Sommer, R.; Joachim, I.; Müller, R.; Imberty, A.; Varrot, A.; Titz, A. Angew.

Chem. Int. Ed. Engl. 2017, 56, 16559-16564.
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PR003

DISCOVERY OF CFTR MODULATORS FOR THE TREATMENT OF

CYSTIC FIBROSIS

Peter Grootenhuis

Vertex Pharmaceuticals Incorporated, San Diego, USA

Cystic Fibrosis (CF) is an autosomal recessive disorder affecting ~70,000 patients worldwide. CF is caused by

defects in the cystic fibrosis transmembrane conductance regulator (CFTR) protein that result from mutations in

the CFTR gene. Defects in the CFTR protein lead to reduced chloride transport resulting in thick, sticky mucus

that causes abnormalities in multiple organs. In the lungs, this excess mucus can lead to progressive loss of lung

function and premature death.  Several HTS campaigns were performed to identify CFTR modulator hits that are

able to increase CFTR function. Extensive optimization efforts eventually resulted in the identification of three

CFTR modulator drugs. Ivacaftor, a CFTR potentiator, increases CFTR channel gating while lumacaftor and

tezacaftor, known as a CFTR correctors, increase processing and trafficking of mutant CFTR to the cell surface.

A perspective will be provided on recent developments in CFTR modulator therapies.
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LE001

ARTIFICIAL INTELLIGENCE. NOT JUST ANOTHER NAME FOR IN

SILICO DESIGN

David Leahy

The Discovery Bus Ltd, Oakridge Centre, Gibhill Farm, SK10 5SE, UK

It is tempting to see the recent wave of interest in Artificial Intelligence (AI) as the hype of a new business cycle.

After all, much of what is labelled AI are technologies such as machine learning that our industry has used for

decades and which we know as “in silico design’.  The technologies are widely available and in the hands of an

expert working alongside a drug discovery team, they can have a significant impact on drug discovery projects,

particularly in the early lead discovery phase. 

Nevertheless, these provide incremental improvements. Better toolkits extracting better insight from bigger

datasets, faster. In silico design, not AI.

AI is a co-worker not a toolkit. It doesn’t have a user interface. AI is software that makes decisions and which

operates autonomously. It is composed of multiple software ‘agents’ that run tasks out of sight and control of the

‘user’. It has know-how, tacit knowledge and experience. It makes decisions based on clear goals and the

decisions are the big ones, such as 

                    - “Which compound should we make next?”,

                    - “which compounds get sent for which assays”,

                    - “which project should we invest in?"

The premise of the talk is that like many other industries, drug discovery has the potential for an AI revolution. It

isn’t here yet, but the technology is proven and working piecemeal in multiple domains. AI builds on the

richness of tools and technologies of in silico design, but it is the autonomy of action that differentiates AI.

The talk builds on this premise by defining a ‘Turing Test’ for medicinal chemistry. It reviews and explains the

components of an AI system that could satisfy the test using examples from drug discovery wherever possible. 

These elements include belief networks for refining tacit knowledge coupled with new learning and inference

methods. It also covers decision making systems in the context of drug discovery. 

The talk is a forward looking and opinionated definition of AI, what makes it different from in silico design and

the practical steps towards a functional autonomous decision making system for drug discovery. 
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LE002

RE-ENERGISING SMALL MOLECULE DRUG DISCOVERY

Willem van Hoorn

Exscientia Ltd, 36 St Giles', Oxford, OX1 3LD, UK

The optimisation trajectory of hit to lead to candidate is the most expensive part of drug discovery. Exscientia’s

Centaur drug discovery platform promises to bring that cost down significantly by combining the strengths of AI

compound design and human strategic thinking. A high level overview of the technology is presented and results

are shown from a prospective proof of concept study as well as a successful collaboration that resulted in the

delivery of a clinical candidate in less than a year. 

http://drug.design
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LE003

Computer-Aided Synthesis Planning

Marwin Segler

BENEVOLENTAI, London, United Kingdom

Computer-aided retrosynthesis, also known as computer aided synthesis planning (CASP), is one of the oldest

and legendary research topics on the intersection of artificial intelligence and chemistry [1,2]. CASP would be a

highly valuable tool to find better synthetic routes and to determine the synthesizability of virtual de-novo

designed compounds. However, despite several waves of research, CASP was never widely accepted by

chemists, because the systems were slow, and the results were considered to be of unsatisfactory quality [3,4,5].

In this talk, recent findings on retrosynthesis using deep learning and modern search algorithms [6,7] are

presented. First, we show that deep neural networks can be trained on very large reaction datasets to predict and

rank the most suitable (automatically extracted) transforms to apply to a molecule [6]. This way of training also

allows the machine to learn the tolerated and conflicting functional groups of a transform implicitly [6]. In

earlier approaches, this information had to be entered manually by experts. Second, to perform search, we

employ Monte Carlo Tree Search (MCTS). MCTS allows to efficiently treat problems with very large branching

factors, and does not rely strongly on hand-designed search heuristics, which makes it very well suited for

retrosynthesis [7].

In comparison to the established search techniques, our approach solves twice as many molecules and is almost

two orders of magnitudes faster [7]. Furthermore, we conducted double blind tests to assess the quality of the

results. Here, for the first time, organic chemists could not distinguish between real routes taken from the

literature and predicted routes [7]. 
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Of the many approaches computational chemistry has brought to drug hunting, medicinal chemists often find

matched molecular pair analysis (MMPA) and QSAR to be two of the most useful.

1 

 The key strength of MMPA

is in its interpretability, in contrast to other machine learning methods.

2,3,4

  Here we show how MMPA and

QSAR may be combined to understand potency SAR while maintaining highly interpretable models.  We further

extend the paradigm by showing how network analysis can be applied to potency data sets to identify pivotal

compounds and even in cases such as patents where the biological information is missing, useful inferences can

be made. Insights from these analyses and outputs can be applied to current projects to provide new directions

and with new results, models can be regenerated to close the loop and achieve the desired goal of learning

machines that augment expert medicinal chemists.

Network graph showing the relationship between two patents of clinically used kinase inhibitors [Each spot is a

compound and each line a matched pair relationship]
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Activation of anti-tumor immune response by specific inhibition of immune checkpoint pathways using

monoclonal antibodies have now become of the mainstay in cancer therapy as evidenced by their widespread use

in an expanding list of indications. Although these antibodies show impressive durable clinical activity, they

suffer from the shortcomings including response only in a subset of cancer patients, need to administer by

intravenous injection and immune-related adverse events (irAEs) due to the breaking of immune self-tolerance.

Therefore, there is a strong rationale to consider non-antibody based approaches for immune checkpoint protein

inhibition towards achieving the desirable response in the clinic. 

Small molecule-based therapeutic approaches offer the potential to address the shortcomings of antibody-based

checkpoint inhibitors. Because of their significantly smaller size, oral dosing providing convenience to patients

would be possible. A greater response rate is likely due to higher tumor distribution and the possibility of

simultaneous targeting of similar proteins in a manner analogous to small-molecule kinase inhibitors targeting

more than one target vs. exquisite selectivity of an antibody to a kinase target. Because of the smaller size,

potentially these agents can recognize binding pockets conserved among proteins of the same protein family.

Due to their shorter pharmacokinetic profile, small-molecule agents may allow better management of irAEs and

could be better options for use in combination with other agents. Additionally, in view of the significantly lower

costs associated with drug manufacturing and drug administration (oral vs intravenous infusion), small molecule

antagonists may make the treatment more affordable.

Our efforts in the last few years at Aurigene have resulted in the discovery of a series of small molecule agents

targeting either individual checkpoint protein or dually targeting two non-redundant checkpoint proteins with

pockets of sequence similarity. We have focused on targeting immune checkpoint proteins that suppress

predominantly T-cell responses (such as PD-L1, VISTA and TIM3) as well as those that limit innate immune

responses (such as CD47-SIRPα). Our rational design approach takes advantage of synthesizing loop-strand

sequences from the interphase, determining critical pharmacophore required for functional antagonism and

further optimizing the pharmacophore on a non-peptidic template.

The most advanced compound, CA-170, which dually targets PD-L1 and VISTA, is currently in Phase 2 clinical

development. CA-170 has shown excellent oral bioavailability, tolerability, immune pharmacodynamic effects in

both tumor and circulation in Phase I studies. Other advanced agents that are completing IND-enabling studies

include CA-327, a dual antagonist of PD-L1 and TIM3, and AUR-103, an antagonist of CD47-SIRPα signaling. 
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WNT/β-catenin signaling regulates key cellular functions including proliferation, differentiation, migration,

apoptosis, stem cell renewal and immune system modulation. Abberrant WNT/ β-catenin signaling is found in

multiple cancers. In particular, the recently described role of the WNT/β-catenin pathway in regulating immune

cell infiltration in the tumor micro-environment suggests an impact of the pathway on immunotherapy [1].

Hence, WNT-directed therapeutic intervention represents an area of significant developmental focus.

The Poly-ADP-ribosylases tankyrase 1 and 2 are cental biotargets in the WNT/β-catenin signaling pathway,

regulating the turnover of the protein complex that controls β-catenin stability and in adition impacting the hippo

signaling pathway. Several small molecules have been identified that inhibit tankyrases 1 and 2 [2], and we have

earlier show efficacy of tankyrase inhibitors in WNT dependent adenoma and tumor models [3, 4].

Here we describe the successful discovery of a selective tankyrase inhibitor from a hit stage to a late lead stage

with potential as a preclinical candidate [5, 6]. In addition, we show proof of concept for our tankyrase inhibitor

as a immune modulatory agent.
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Immune checkpoint blockade (ICB) of programmed cell death-1 receptor (PD1) and its ligand (PDL1) restores

T-cell activation in many systems and thus it is a rarely occurring therapeutic breakthrough in cancer therapy.

Currently, interfering PD1-PDL1 axis with monoclonal antibodies (mAbs) has provided unprecedented results in

cancer treatment. However, mAbs are expensive to produce and their high molecular weight leads to poor tissue

and tumor penetration. Therefore, search for non-mAbs including small molecules is needed.

We have recently solved the co-crystal structure of human PD1 interaction with PDL1.[1] This protein-protein

interaction (PPI) is largely flat and featureless and by all commonly used predictive technologies/software

difficult to drug. Based on the knowledge of the 3D structures of the human PPI and the availability of multiple

tools in our laboratories, we have discovered several novel classes of potent PD1-PDL1 inhibitors including

small molecules and artificial macrocycles using structure based drug design, fragment screening and screening

of directed multicomponent reaction libraries. Here, we will analyze the PPI and a co-crystal structure of a cyclic

peptide potently binding to PDL1.[2] Interestingly, these peptides are capable of potently antagonizing PD-L1

signaling and similar to antibodies, can restore the function of T-cells. Next, we will discuss the cocrystal

structure of small molecules with PDL1 and their biological activity.[3,4] Our inhibitors are directed against

PD1 and PDL1 and have been characterized for their potency to prevent T-cell exhaustion. We found

comparable activity to currently marketed antibodies in T-cell activation assay. Aside cancer we also investigate

their usage in neuroinflammatory (Alzheimer’s) and infectious diseases, which are both characterized by

PD1-PDL1 overexpression in relevant cell types, a hallmark of T-cell exhaustion.
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Immunotherapy is currently 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

proliferation and activity of T cells and other immune cells enrolled in these signaling pathways. Under normal

conditions, they are essential in modulation of 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. These successful

therapies rely on the use of antibodies. However, despite their outstanding success, they still have numerous

disadvantages as severe immune-related adverse events. 

Recently, small-molecule modulators have emerged as safer therapeutic alternative. However, limited efforts

have been directed toward immune checkpoint receptors. Our study is focus on the discovery of small-molecule

inhibitors targeting PD-L1 in order to block PD-1/PD-L1 interaction and therefore overcome antibody therapy

disadvantages. Limited structural information of PD-L1 led us to a detailed structural characterization based on 

in silico studies (molecular docking). After assessing structural features (e.g. flexibility and binding pocket) and

following a computer assisted drug discovery approach we accomplished a structure based virtual screening

campaign. Potential PD-L1 inhibitors were selected and their activity have been tested by Homogeneous Time

Resolved Fluorescence (HTRF) assay. We were able to identify new small-molecule PD-L1 inhibitors that are

currently being tested in vitro. Therefore, immune checkpoint blockade using small molecules represent a step

forward in cancer immunotherapy.
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Molecular recognition by specific targets is at the heart of the life processes. In recent years, it has been shown

that the interactions between proteins (lectins, enzymes, antibodies) and carbohydrates mediate a broad range of

biological activities, from fertilization, embryogenesis, and tissue maturation, to pathological processes. The

elucidation of the mechanisms that govern how sugars are accommodated in the binding sites of these receptors

is currently a topic of interest. Thus, the determination of the structural and conformational factors and the

physicochemical features that govern the molecular recognition of these molecules is of paramount importance. 

Particular attention will be paid to the application of state-of-the-art NMR methods both from the ligand and

receptor’s perspective to the study of molecular recognition processes between a variety of polypeptides of

biomedical interest and carbohydrate-based molecules, drugs and inhibitors. NMR methods include not only the

typical chemical shift perturbation analysis, Saturation Transfer Difference, and trNOESY experiments, but also

novel 19F- and paramagnetic-based NMR methodologies that have permitted to access to information on large

glycans, breaking the limits of the application of NMR in this field.The dissection of the key features that

regulate molecular recognition processes between glycans and their receptors, especially lectins related to

immune response and viral infections will be presented. The final aim is to dissect and to quantitatively evaluate

the relative importance of polar (hydrogen bonding, electrostatic interactions) and non polar (van der Waals,

CH-π) forces in these molecular recognition processes
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Aberrant glycosylation is a key feature of carcinogenesis involved in several hallmarks of cancer. Due to their

strategic presentation on the surface of cancer cells, aberrant glycans serve as important targets for cancer

immunotherapy. While most work has been investigating the importance of cancer-associated changes in

glycosaminoglycans, N-linked glycosylation, and glycosphingolipids, we still have limited information on

O-linked glycosylation. It is, however, clear that O-glycans are truncated in many cancers and that such

truncated O-glycans are involved in several cancerous events, including increased growth and invasive potential.

Importantly, not only the length of the O-glycans is relevant, but also the location of the individual O-glycans

within a protein has implications for protein function and cancer growth. Combining genetic engineering and

mass spectrometry, we have performed a systematic analysis of native-O-glycosylation using lectin affinity

chromatography coupled to liquid chromatography mass spectrometry (LC-MS)/MS, and determined the precise

location of O-glycans in multiple cell lines as well as human plasma, platelets, and endothelial cells.

Collectively, our data illustrate the global properties of native O-glycosylation and provide a source of

cancer-specific O-glycopeptide targets for immunotherapy. The importance of such O-glycopeptide epitopes in

cancer therapy is demonstrated by the development of high affinity Tn-MUC1-specific monoclonal antibodies

used to generate engineered CAR T Cells selectively targeting cancer cells across multiple cancer histotypes.

The results provide support for targeting cancer-specific truncated O-glycans with immunotherapeutic measures.
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Shigellosis, or bacillary dysentery, caused by the enteroinvasive bacteria Shigella, remains one of the top

diarrheal diseases in children under five.

1

 Species/serotype diversity and geographical distribution strongly

support the need for a multivalent vaccine against S. flexneri. Epidemiological data suggest that protection

against re-infection is mainly achieved by antibodies specific for the O-antigen (O-Ag) moiety of the bacterial

lipopolysaccharides (LPS). In the search for a highly immunogenic Shigella vaccine able to generate protective

immunity in young children, we have engaged into the development of immunogens consisting of synthetic

fragments of the putative O-Ags covalently linked via single point attachment to carrier proteins as a possible

alternative to detoxified Shigella LPS-protein conjugates.

A multidisciplinary strategy interfacing medicinal chemistry and structure-based vaccinology was implemented.

It consists firstly in the identification of sets of “protective” epitopes by use of a diversity of well-defined

synthetic oligosaccharides representing fragments of the O-Ag of interest. Protein conjugates of the most

promising oligosaccharides are then evaluated for their immunogenicity in mice. SF2a-TT15, a tetanus toxoid

(TT) conjugate encompassing a synthetic hapten corresponding to three basic repeating units of the O-Ag from 

S. flexneri 2a (SF2a), the most prevalent Shigella serotype, was designed accordingly.

2

 In preclinical studies,

SF2a-TT15 has been shown to induce anti-LPS bactericidal antibodies. A GMP batch was produced and a

first-in-human, single-blinded, observer-masked randomized, dose escalation, placebo-controlled study was

conducted to assess safety and immunogenicity in healthy adult volunteers.

3

With the first rationally designed synthetic oligosaccharide conjugate vaccine candidate in hand for the most

prevalent Shigella serotype, this presentation provides an overview of our strategy for a broad coverage Shigella
vaccine. Emphasis is on hapten selection, glycovaccine design and production of a GMP batch. Safety and

immunogenicity data following first use in human are exposed and the next steps towards establishing efficacy

in human are discussed. Moreover, the presentation reports progress on a synthetic carbohydrate-based vaccine

designed to provide broad coverage against S. flexneri.
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The global rise in multi-drug resistant bacteria underscores the urgent need for new therapeutics to prevent and

treat urinary tract infection (UTI). F9 pili are tipped with the FmlH adhesin, which is important for persistence of

uropathogenic Escherichia coli (UPEC) in both the bladder and kidney during chronic UTI, one of the most

common infections worldwide. Here, we describe the structure-guided drug design of high-affinity galactoside

and N-acetylgalactosaminoside inhibitors of the FmlH bacterial adhesin. Through an interdisciplinary approach

that blended medicinal chemistry, X-ray crystallography, virtual and biochemical screening, bio-layer

interferometry, immunofluorescence, and mouse models of UTI, we have developed novel aryl galactoside and

N-acetylgalactosaminosides that specifically binds FmlH with nanomolar affinity and have demonstrated one

lead compound as an effective treatment for chronic UTIs and is synergistic when dosed in combination with a

FimH mannoside inhibitor. When coupled with our past work on developing potent orally bioavailable

mannoside FimH inhibitors for bladder infection (cystitis), this work on potent galactoside FmlH inhibitors

important in kidney infection (pyelonephritis) further augments and solidifies the overwhelming therapeutic

value of leveraging a deep understanding of structure-function-virulence relationships of bacterial adhesins for

the development of anti-virulence strategies that disrupt host-pathogen interactions for treatment of infectious

disease. These antibiotic-sparing approaches are effective in treating antibiotic-resistant forms of bacteria and

have high potential to significantly reduce and even eliminate resistant microbes.
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The affinity and kinetics of a drug binding to its target receptor are almost exclusively calculated using equations

that assume the interacting molecules are homogeneously distributed in a solvent, with the concentration of drug

available to bind target being equal to that in the bulk aqueous phase. While this assumption applies well to

soluble enzymes, it is less satisfactory for membrane-associated targets (e.g. GPCRs) where the protein is

embedded in a phospholipid bilayer. This is because the inclusion of phospholipid adds an additional

amphiphilic compartment into which drugs may partition, depending on their physicochemical properties. In

addition, the physical barriers associated with some physiological compartments (e.g. synapses) may restrict

drug diffusion away from the receptor-compartment, further promoting drug “rebinding”. This talk will

introduce the concept of drug-membrane interactions, explore the consequences on observed receptor kinetics

and outline our recent efforts to measure local drug concentrations at a sub-cellular level. It will then give a more

clinical perspective, describing how local drug rebinding may be an important contributor to the extrapyramidal

side effects of antipsychotic dopamine D2 receptor antagonists. Finally it will argue that receptor binding

kinetics can not be fully understood without also considering the local drug concentration, stating the case for

establishing “micro” PK/PD relationships for drugs against membrane targets.
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Allosteric modulation of the metabotropic glutamate receptor 2 (mGlu

2

), a class C G protein-coupled receptor

(GPCR), is considered a promising approach for treatment of various psychiatric and neurological disorders, like

schizophrenia. In recent years it has been emphasized that the concept of receptor binding kinetics can enhance

the predictive value of in vitro experiments towards the clinic. Therefore, we aimed to evaluate this concept for

the mGlu

2

 receptor, by studying a library of positive allosteric modulators (PAMs) for this receptor.

Based on the results of a structurally diverse selection of both novel and reference mGlu

2

 PAMs, a novel series

of 7-aryl-1,2,4-triazolo[4,3-a]pyridines was selected. Full characterization of affinity and kinetics enabled

evaluation of structure-affinity relationships (SAR) and structure-kinetics relationships (SKR). The mGlu

2

PAMs showed various kinetic profiles; values for the association rate constant k

on

 ranged over three orders of

magnitude, whereas k

off

 and residence time (RT) values were within a smaller 10-fold range. Further analysis

revealed that k

on

was linearly correlated to affinity, while this was not the case for RT. Evaluation of the shortest

and longest RT compound in the whole cell label-free xCELLigence

® 

assay revealed that the longest RT

compound displayed a functional effect that was not easily washed out. Lastly, the effects of the longest RT

compound on sleep-wake states were determined, as a measure for central activity and target engagement. This

indicated that its long RT translated into sustained inhibition of rapid eye movement (REM) in vivo.

In conclusion, we have shown that affinity-only driven selection results in mGlu

2

 PAMs with high values for k

on

, but not necessarily with a long RT. In addition, a long RT seems to be required for in vivo efficacy of mGlu

2

PAMs. This study further emphasizes the need to study target binding kinetics in early drug discovery.
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For any drug that is administered to patients or that is being developed, is essential that the time course of its

effects can be predicted to ensure rational drug therapy and drug development. After its administration, the time

course of the effect of a drug can be influenced by all processes that constitute the complex system of the human

body [1].

Our research aimed to elucidate how drug-target binding kinetics, in conjunction with plasma pharmacokinetics,

tissue distribution kinetics, endogenous ligands competition, kinetics of signal transduction, target turnover, and

homeostatic feedback mechanisms, determine the in vivo time course of drug action.

This presentation will deal with examples [2,3] that indicate under what conditions a low dissociation rate

constant (k

off

)  value may result in

�
prolongation of target occupancy

�
selectivity for the therapeutic target compared to a secondary target

�
more effective blocking of endogenous signaling  

It is concluded that the in vivo context is important for the contribution of drug-target binding kinetics relative to

other processes that govern the  in vivo time course of drug action.

 

References

1) De Lange ECM, van der Brink W, Yamamoto Y, de Witte W, Wong YC. Novel CNS drug discovery and development

approach: model-based integration to predict neuro-pharmacokinetics and pharmacodynamics. Expert Opin Drug Discov.

2017 Dec;12(12):1207-1218. doi: 10.1080/17460441.2017.1380623

2) Vlot AHC, Witte WEA, Danhof M, van der Graaf PH, van Westen GJP, de Lange ECM. Target and tissue selectivity

prediction by integrated mechanistic pharmacokinetic-target binding and quantitative structure activity modelling AAPSJ.

2017 Dec 4;20(1):11. doi: 10.1208/s12248-017-0172-7

3) De Witte WEA, Vauquelin G, van der Graaf PH, de Lange EC. The influence of drug distribution and drug-target binding

on target occupancy: The rate-limiting step approximation. Eur J Pharm Sci. 2017 May 12. pii: S0928-0987(17)30252-X. doi:

10.1016/j.ejps.2017.05.024

34



LE016

LARGE-SCALE ANALYSIS OF KINASE INHIBITORS’ TARGET

BINDING KINETICS AND ITS IMPLICATIONS FOR DRUG

DISCOVERY

Victoria Georgi, Felix Schiele, Benedict-Tilman Berger, Andreas Steffen, Paula M. Zapata, Hans Briem,

Stephan Menz, Cornelia Preusse, James D. Vasta, Matthew B. Robers, Michael Brands, Stefan Knapp,

Amaury Fernández-Montalván

In recent years the importance of binding kinetics for target-based drug discovery was intensely discussed.

Drug-target association and dissociation rates (k

on

, k

off

) are proposed as better predictors for clinical

performance than steady-state affinity per se (K

D

 = k

off

 / k

on

). For the analysis of this idea, comprehensive

datasets are needed.

Here we present a large-scale binding kinetic characterization of a wide spectrum of 270 kinase inhibitors

against 40 clinically relevant kinases.

We address the question whether and when target selectivity can be differently assessed from the equilibrium-

and kinetic perspectives – in the cellular and in vivo context. Moreover, we demonstrate how in vivo target

occupancy could be adjusted by utilizing the interplay of pharmacokinetics and the dynamics of drug-target

interaction. Finally, the large dataset allows analyzing structure-kinetic relationships separately from the effect of

structural features on affinity.

Our results contribute to realize the potential of binding kinetics for drug discovery and provide a rational basis

for the design of kinetic rate constants.
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A NEW TARGET IN FUNGAL PROTEIN BIOSYNTHESIS: SHARED

LEARNINGS FOR AGCHEM AND MEDCHEM

Bernd Essigmann (1), Jörg Freigang (3), Pierre Genix (1), Mathieu Gourgues (1), Yoann Huet (1),

Philippe Kennel (4), Bernd Laber (2), Gudrun Lange (2), Viriginie Lempereur (1), Marc Mosrin (3),

Jacopo Negroni (1), Stéphane Peyrard (1), Jörg Tiebes (2), Jullien Rey (2), François Villalba (1), David

Bernier (1)

1) Bayer S.A.S. - R&D - Crop Science Division ; Centre de Recherche de La Dargoire, 14 impasse Pierre Baizet ; F-69009
Lyon, France

2) Bayer AG - R&D - Crop Science Division ; Industriepark Höchst ; D-65926 Frankfurt, Germany
3) Bayer AG - R&D - Crop Science Division ; Alfred-Nobel-Strasse 50 ; D-40789 Monheim, Germany
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Many factors (such as increasing world population by near-to-constant arable area, changing food habits,

increasing demand for alternative energies such as biofuels, and climatic changes) will impact the delicate

balance between agricultural supply and need in the near future. To face these challenges, Bayer CropScience is

committed to provide innovative solutions to improve and safeguard crop yields, while maintaining the highest

standards in safety.

After a short introduction, an example from our internal research will be used to show how innovative small

molecules chemistry in the field of isothiazoles led to the discovery of a new fungicidal family. This class

exhibits efficacy against a broad spectrum of plant diseases, both in cell-test and in-planta. We will show that

this class has a novel mode of action in protein biosynthesis. The stepwise elucidation of this mode of action will

be presented, leading to the identification of an unprecedented target in the field of synthetic agricultural

fungicides. The chemical exploration around our initial starting point will be presented, followed by preliminary

SAR data and our hypotheses concerning conformational effects. X-ray data will be described, as well as

learnings on interspecies selectivity and safety.

 

Finally, the interest of these compounds as chemical probes of this underexplored target, within an established

family of protein-biosynthesis enzymes of general interest in life sciences, will be discussed.
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NATURAL PRODUCTS AS LEADS IN AGROCHEMISTRY

Joachim Rheinheimer

Fungicide Chemistry Ludwigshafen, Global Research Crop Protection, BASF SE

Some natural products have been widely employed for crop protection purposes. Few are produced by

fermentation while others have served as lead structures. Many commercial synthetic pyrethroids derived from

plant origin have been developed as insecticides. Likewise, strobilurines originating from fungi have given rise

to many successful fungicides applied in major crops. 

However, the number of natural products showing biological activity against organisms relevant for plant

protection is very large as compared to the limited number of substance classes which have been derived. For a

long time, this has been a subject for controversial discussions. Until recently this has been the reason that

discovery projects in natural products have been terminated in several agrochemical companies. Now a renewed

interest can be observed.

Due to the widespread application of these molecules there is a substantial risk of resistance development.

Indeed, some cases of resistance have been reported in the literature. An understanding of the general principles

influencing resistance development is important in order to devise strategies to ensure a long performance

lifetime of each specific product. For this reason, an understanding of the chemical and biological effects

involved is crucial in order to create new molecules less affected by resistance development.

Evolution has constructed present natural products over a very long period of time. Some are presumed to exist

for at least tens of millions of years. It is discussed how nature itself may have dealt with the resistance problem.

From this, important ideas can be derived for active ingredient research. 

New, more precise, and cheaper methods for establishing protein structure and dynamics are now joining

advanced modelling possibilities. This makes molecular design more rational. Also, this can add new value to

existing substance classes. Once resistance occurs, these may not necessarily be lost forever. Instead, precise

analyses of the proteins and inhibitors involved can show a way to overcome this challenge in some cases.
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SYNTHESIS AND FUNGICIDAL ACTIVITY OF A NEW FAMILY OF

OXYSTEROL BINDING PROTEIN INHIBITORS

Laura Quaranta, Clemens Lamberth, Sarah Sulzer, Martin Pouliot

Syngenta Crop Protection, Schaffhauserstrasse, CH-4332 Stein, Switzerland

Inhibitors targeting oxysterol binding protein have shown excellent fungicidal activity against plant diseases

caused by oomycete pathogens. Oxathiapiprolin, discovered by DuPont researchers, have been the first

compound of this class to reach the market and is commercialized by both DuPont and Syngenta under the trade

names Zorvec

TM

 and Orondis

TM

 respectively. This talk will focus on the research done in Syngenta in this area.

The synthesis of various subclasses of inhibitors will be presented, together with their antifungal activity.

Amongst them bicyclic and spirocyclic isoxazolines have shown very high potency against downy mildew and

late blight, while N-thiazol-4-yl-salicylamide class showed a unique spectrum including damping-off disease

caused by Pythium ultimum.
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TARGETING NON ESSENTIAL BACTERIAL TARGETS AS A NOVEL

ROUTE TO COUNTERACT BACTERIAL RESISTANCE

Giannamaria Annunziato (1), Joana Magalhaes (1), Marco Pieroni (1), Sara Filisi (2), Andrea Mozzarelli

(1), Barbara Campanini (1), Nina Franko (1), Clotilde Silvia Cabassi (2), Gabriele Costantino (1)

1) Dipartimento di Scienze degli Alimenti e del Farmaco- Università di Parma
2) Dipartimento di Scienze Mediche Veterinarie - Università di Parma

A growing number of Gram negative bacteria is becoming resistant to the available antibiotic treatments.

Infections caused by these resistant strains fail to respond to the current treatment, therefore leading to prolonged

illness, higher healthcare costs, and a greater risk of death. Therefore, the discovery and development of novel

approaches to counteract the emergence of resistant pathogens is a crucial challenge.

 Although not vital for bacteria survival, cysteine biosynthesis is an important way to establish antibiotic

resistance in bacteria and its inhibition interferes heavily with the ability of pathogens to withstand oxidative

stress, infect the host and persist as long- term infections. Moreover, since mammals lack this biosynthetic

pathway, inhibition of cysteine biosynthesis could represent a selective target for antibacterial intervention. The

last step of cysteine biosynthesis is catalyzed by O-acetylserine sulfhydrylase (OASS), that is found in two

isoforms: O-acetylserine sulfhydrylase A (OASS-A) and O-phosphoserine sulfhydrylase B (OASS-B).

Based on the structure of the C-terminal portion of Serine Acetyl Transferase (SAT), the physiological inhibitor

of these enzymes, we have recently reported the synthesis and the docking studies  of a series of small molecules

bearing a cyclopropancarboxylic acid scaffold, that showed a promising activity toward OASS-A. With the aim

of improving the activity toward OASS-A, and considering that inhibition of OASS-B is as well important to

prevent the biosynthesis of cysteine, we have been driven by molecular docking and Saturation Transfer

Difference (STD) studies to design more potent OASS inhibitors. We were please to notice that, along with a

potency toward OASS-A in the low nanomolar range, some of the novel inhibitor synthesized were found to

possess the highest activity toward OASS-B reported so far.

The compound 1 with the highest affinity toward both OASS isoform was tested against Salmonella
typhimurium strain in combination with other antibiotics showing a high potential to act as coadiuvant therapy.
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RECENT ADVANCES IN BIFUNCTIONAL DEGRADER MOLECULES

(E.G. SNIPER) FOR TARGETED PROTEIN DEGRADATION VIA THE

UBIQUITIN PROTEASOME SYSTEM; STATUS AND OUTLOOK

Mikihiko Naito

Division of Molecular Target and Gene Therapy Products, National Institute of Health Sciences, 3-25-26 Tonomachi,
Kawasaki-ku, Kawasaki, Kanagawa 210-9501, Japan

Inducing protein degradation by small molecules is a novel strategy for drug development. Recently,

bifunctional degrader molecules named PROTACs (Proteolysis Targeting Chimeras) and SNIPERs (Specific and

Nongenetic IAP-dependent Protein Erasers) are developed to induce proteasomal degradation of target proteins.

These molecules are composed of two ligand moieties connected by a linker, one ligand for a target protein and

the other for an E3 ubiquitin ligase, which is designed to cross-link these proteins in cells, thereby inducing the

ubiquitylation and proteasomal degradation of the target protein.

Currently, we have successfully developed several SNIPERs against ERa, BCR-ABL, BRD4 and PDE4 by

conjugation of a high affinity IAP ligand with 4-hydroxy tamoxifen, dasatinib, JQ1 and a PDE inhibitor,

respectively, and these SNIPERs induce effective degradation of the respective target proteins at nano-molar

concentrations. Consistent with the degradation, SNIPER(ER)-87, one of the most potent SNIPER against ERa

shows an activity to suppress estrogen-dependent gene expression and proliferation of ERa-dependent breast

cancer cells in vitro. In addition, SNIPER(ER)-87 shows an activity to induce degradation of ERa in tumor

xenografts in mice, and inhibits tumor growth in vivo. I will overview the recent advances in bifunctional

degraders.
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TARGETING 'UNDRUGGABLE' TRANSCRIPTION AND

TRANSLATION FACTORS FOR DEGRADATION WITH LOW

MOLECULAR WEIGHT CEREBLON MODULATORS

Philip Chamberlain

Celgene, 10300 Campus Point Drive Suite 100, San Diego, California

Celgene has clinical approvals for lenalidomide in a variety of indications including myeloma and

myelodysplastic syndrome. The molecular target for lenalidomide as well as the analogs pomalidomide and

thalidomide, has been shown to be the protein cereblon [1]. Cereblon is part of the CRL4-CRBN E3 ubiquitin

ligase complex, which catalyzes the transfer of ubiquitin to mark target proteins for degradation. Cereblon

modulating drugs bind to the surface of cereblon to form a ‘hotspot’ for protein-protein interactions triggering the

recruitment of proteins to the CRL4 E3 ubiquitin ligase complex where they can be ubiquitinated and

subsequently degraded [2]. Through this mechanism, small molecule cereblon modulators cause the degradation

of the zinc finger transcription factors Ikaros and Aiolos [3-5]. Lenalidomide was further shown to cause the

degradation of the protein kinase CK1a, for clinical activity in a subset of patients with myelodysplastic

syndrome with the del(5q) chromosomal lesion [6].

A search for cereblon modulators that degrade new proteins lead to the discovery of CC-885, which exhibits

potent antiproliferative activity against a panel of tumor cell lines [7]. The potent anti-cancer activity of CC-885

is caused by the degradation of the protein translation factor G1 to S phase transition 1 (GSPT1).  A crystal

structure of cereblon in complex with the ligase adapter protein DDB1, as well as CC-885 and GSPT1, reveals

that GSPT1 interacts with both CC-885 and the surface of cereblon. The principal molecular feature on GSPT1

that binds to cereblon is a beta-hairpin incorporating a glycine residue. Homology modeling indicated that a

similar molecular feature mediates Ikaros recruitment, even though there is no common structural fold or

sequence homology. This molecular feature, or ‘degron’, can be found in other proteins including families such

as zinc finger transcription factors that had previously been considered undruggable. The implications of these

finding in for future drug discovery will be discussed.
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THE ZINC-DEGROME

Quinlan Sievers (1), Georg Petzold (2), Benjamin Ebert (1), Nicolas Thoma (2)
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The small molecule drugs thalidomide, lenalidomide, and pomalidomide induce the ubiquitination and

proteasomal degradation of Ikaros (IKZF1) and Aiolos (IKZF3) by mediating their interaction with Cereblon

(CRBN), the substrate receptor of the CRL4CRBN ubiquitin ligase. Here we screened the human Cys2-His2

(C2H2) zinc finger (ZF) proteome for degradation by CRL4CRBN in the presence of thalidomide analogues,

identifying 11 ZF targets. Structural and functional characterization of the C2H2 zinc finger degron demonstrates

how diverse ZF domains bind the drug-CRBN interface. Computational ZF docking, in conjunction with

biochemical analysis, predicts that at least 50 zinc-fingers bind the drug-CRBN complexin vitro, a larger number

than previously anticipated. These results provide strategies to degrade other zinc finger transcription factors.
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DRUGGING THE FBW7 E3 LIGASE WITH A COMBINED

COMPUTATIONAL AND BIOPHYSICAL APPROACH
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E3 ubiquitin ligases (of which >700 are known in humans) confer substrate specificity to the protein

ubiquitination pathway, making this unconventional enzyme class very attractive targets for specific and less

toxic therapeutic intervention, reducing the promiscuity that can be related with other UPS components (i.e.

proteasome inhibitors). Being a clear opportunity, the development of small-molecules against E3 ligases has

been rewarded with very limited success.[1] However, the explosion of the protein degradation as a therapeutic

strategy in recent years (i.e. PROTACS) have situated this protein class in the spotlight. Nevertheless, there is a

significant mismatch between the number of E3 ligases and the number of drugs in clinical trials or approved,

and the important questions remain, which is the best strategy to find new ligands that target E3 ligases? Could

we develop allosteric ligands that target E3 ligases?

Herein, we have developed a multidisciplinary computational and biophysical approach to identify ligands that

target E3 ligases, and specifically the Fbw7 E3 ligase. Fbw7 is one of the most commonly deregulated UPS

protein in human cancers, which targets a range of substrates for degradation, including some key human

oncoproteins including cyclin-E, MYC, Notch and Junk.[2] However, so far, no potent small molecule directly

targeting the Fbw7 complex has been reported. As primary computational screening, we have performed a

druggability assesment using MDmix,[3] followed by a docking-based virtual screening of the found ligandable 

hot-spots. Finally, a DUck filter has been applied.[4] The resulting potential hits have been tested by Surface

Plasmon Resonance (SPR), followed by ligand-based NMR to confirm binding. Our approach has allowed us to

identify ligands able to bind at the low micromolar level to the Fbw7 protein. Work is on-going to elucidate the

binding mode and the potential mechanism of action of these new ligands.
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DISCOVERY OF RG7916, A SELECTIVE SMN2 SPLICING MODIFIER

FOR THE TREATMENT OF SPINAL MUSCULAR ATROPHY

Hasane Ratni

F. Hoffmann-La Roche Ltd., pRED, Pharma Research & Early Development, Roche Innovation Center Basel,
Grenzacherstrasse 124, 4070 Basel, Switzerland

RNA splice modifiers are a new class of small molecule therapeutics. In terms of specificity and safety they

represent profound challenges for medicinal chemistry. We have been working to develop orally-administrated,

systemically-distributed small molecules to increase levels of functional SMN protein via the alternative splicing

of the survival motor neuron 2 (SMN2) pre-mRNA for the treatment of SMA. SMA is a severe, progressive,

inherited disease that leads to loss of motor function and ambulation, and reduces life expectancy. We will

present the discovery of RG7916, its chemical structure, in vivo profile, the genome-wide splice site and gene

expression analysis to assess its selectivity and its unique mode of action. This compound is currently

undergoing testing in pivotal clinical trials in type 1, 2, and 3 SMA patients.

This work demonstrated that it is possible to design safe, selective and efficacious small molecule splicing

modifiers, with a potential widespread implications in the research and development of several additional

RNA-targeting therapies.
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DISCOVERY OF LOU064, A COVALENT BTK INHIBITOR WITH

BEST IN CLASS SELECTIVITY
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Bruton’s Tyrosine Kinase (BTK) is a cytoplasmic tyrosine kinase and a member of the TEC kinase family. It is

selectively expressed in a subset of immune cells, including macrophages, mast cells, platelets and B cells. BTK

is a key regulator of B cell antigen receptor signalling in B cells and of Fc receptor signalling in mast cells and

macrophages. Based on a strong genetic and pharmacological validation, it is likely that a BTK inhibitor will

have a positive impact on autoimmune diseases which are caused by autoreactive B cells and immune-complex

driven inflammation.

We report the design, characterization and medicinal chemistry optimization of a series of highly selective

covalent BTK inhibitors. The efforts resulted in the identification of the clinical candidate LOU064 as a highly

potent inhibitor with a best in class selectivity profile. The preclinical profiling of LOU064 will be presented as

well.
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DISCOVERY OF A NOVEL ORAL NO- AND HEME-INDEPENDENT

sGC ACTIVATOR BAY 1101042
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Bayer AG, Pharmaceuticals, Medicinal Chemistry Wuppertal, Germany, michael.hahn1@bayer.com

Soluble guanylate cyclase (sGC) is a signal-transduction enzyme activated by nitric oxide (NO) and plays a key

role in a variety of physiological processes such as vasodilatation, antiaggregation, antiproliferation and neuronal

signaling. Impairments of the NO-sGC-signaling pathway have been implicated in the pathogenesis of various

cardiovascular and other diseases. Current therapies that involve the use of organic nitrates and other NO donors

have limitations, including non-specific interactions of NO with various biomolecules and lack of response and

the development of tolerance. Consequently, innovative approaches are needed to realize the full potential of the

NO/sGC/cGMP -signaling pathway.

Recently, two novel drug classes which activate the soluble guanylate cyclase (sGC) have been discovered. The

sGC stimulators (heme-dependent) and sGC activators (heme-independent). sGC stimulators share a dual mode

of action, they stimulate sGC directly and enhance sensitivity of sGC to low levels of bioavailable NO. In

contrast, sGC activators are able to activate the pathologically changed heme-free sGC. The discovery of sGC

activators offered the prime opportunity to design drugs for selective binding to the oxidized, heme free sGC

generated by the influence of oxidative stress causally involved in many cardiovascular diseases (1).

The most advanced compound in this class was Cinaciguat (2). However, this compound was not suitable for

oral administration. More recently, BAY 1101042 a second-generation sGC activator for oral administration has

been discovered. The discovery of BAY 1101042 and the structural activity relationship within this class will be

presented.
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INHIBITOR FOR THE TREATMENT OF CNS DISEASES
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Inhibition of specific phosphodiesterases (PDEs) in the brain has gained in recent years attention as a potential

new approach for the treatment of several CNS diseases. Among the PDEs family, PDE9A, highly expressed in

the forebrain and medial temporal lobe structures, is specific for hydrolyzing cyclic guanosine monophosphate

(cGMP), an important second messenger in glutamatergic neurons related to the NMDA receptor signaling.

Hypofunction of the NMDA receptors, leading to synaptic stabilization & plasticity deficits, is believed to be the

underlying cause of a number of CNS pathologies. Inhibition of PDE9, leading to an increase of cGMP levels

has the potential to post-synaptically enhance the NMDA receptor related cGMP signalling and synaptic

plasticity (Fig. 1), therefore representing a valuable therapeutic opportunity. The disclosure of the structure and

the key features of the PDE9 inhibitor clinical candidate BI 409306 will be the focus of the presentation.

 

Fig. 1: Putative mechanism of action of PDE9 inhibition for strengthening synaptic plasticity (adapted from

Moschetti et al., 2016, Br. J. Clin. Pharmacol. 82:1315-1324)
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NEW MODALITIES FOR COMPLEX AND UNPRECEDENTED

BIOLOGICAL TARGETS

Eric Valeur
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The target landscape in all therapeutic areas in drug discovery is experiencing a broad metamorphosis. The need

to move away from symptom treatment and focus on disease-modifying approaches is calling for novel biology,

which is often associated with a range of targets of high complexity and frequently unprecedented. Progress in

the understanding of cell biology and of mechanisms involved in the regulation of protein levels is also further

extending the target scope, as illustrated with noncoding RNAs, and therefore represents a further reservoir of

potential drug targets. 

To address these targets and develop our biology understanding, chemical probes are required for both

target-centric and phenotypic approaches. With this prospect in mind, small molecules play a major role,

considering the breadth of modulators available for a wide range of targets. However, many targets originating

from genomics or from the study of biological pathways are orphan from ligands and are not the prime

applicable space for small molecules, typically due to their large surface area. Protein-protein interactions, and in

particular transcription factors, remain a major challenge, despite some isolated examples of success. In this

respect, other chemical modalities are better suited. These so-called ‘New Modalities’ cover many chemical

classes including a new generation of usually hyper-modified peptides, macrocycles, a renaissance of natural

products, and nucleic acid-based molecules. In addition, chemical modalities can be combined and linked to

generate further New Modalities, as exemplified by the proteolysis targeting chimera (PROTAC).

These various modalities modulate proteins at different levels, including at the transcriptional and translational

level. With this prospect in mind, the opportunity to place the selection of the mode-of-action (MOA) at the

center of any drug discovery project will be highlighted, taking into consideration the many challenges faced

with the identification and development of ‘New Modalities’ including hit finding, cell penetration and tissue

access, to mention a few. Within the vast repertoire of modalities now accessible to medicinal chemists to

develop probes and therapeutics, the presentation will highlight how some modalities such as modified peptides

can afford unprecedented probes to discover novel biology. For example, a novel strategy consists in screening

genetically encoded cyclic peptide libraries directly in bacterial cells, linking inhibition of a target to cell

survival. With this approach a tool peptide against IDOL, an E3 ligase involved in the degradation of the LDL

receptor and a regulator of blood cholesterol levels, could be identified and enabled the discovery of novel

biological cross-talks around IDOL. 

The specific delivery of antisense oligonucleotides, through conjugation to a homing peptide will also be

presented. In this approach, a peptidic ligand to the GLP-1 receptor was leveraged, to enable the unprecedented

productive uptake of oligonucleotides to pancreatic beta-cells in vivo.

Other examples of modalities, such a modified mRNA, will also be covered, with the goal to demonstrate how

medicinal chemists can leverage and expand their skills to other modalities and explore their creativity to solve

challenging biological questions, and select the ‘right’ modalities in drug discovery projects. 
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CELL PERMEABILITY WITH BEYOND ‘RULE OF 5’ MODALITIES –

DO WE UNDERSTAND HOW THIS WORKS?
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The pharmaceutical and biotech industries are increasingly working with drug-discovery targets of a complexity

that demands modalities extending beyond conventional ‘Rule of 5’ drug space. New technologies such as

DNA-encoded chemistry, mRNA display, phage display and other library-generating and screening approaches

are broadening the range of hit modalities that are commonly explored. However, larger molecules come with

their own challenges in incorporating drug-like properties including solubility, stability and cell-membrane

penetration.

Unlike ‘Rule of 5’ compliant molecules, where the drug discovery community has developed predictive rules for

enhancing cell penetrant properties, larger modalities do not yet appear to follow any consistent and predictive

rules. Part of the challenge lies in the diversity of routes by which larger molecules gain access to the cell

cytosol. It seems highly probable that many beyond ‘Rule of 5’ molecules can gain cell entry by passive

permeability. This achievement is remarkable when it is considered that larger molecules have to tread a fine line

between having sufficient polar surface area (PSA) to gain adequate aqueous solubility and also being able to

minimize PSA to pass through the lipophilic cell membrane. It has recently been demonstrated that this balance

can only readily be attained if the molecule possesses some level of conformational flexibility, so that PSA can

be tuned to match the local environment. Even with such ‘chameleonic’ physical properties, there appears to be

an absolute physical size limit for passive permeability.

And yet larger molecules - including peptides - do enter cells, but this is generally achieved by mechanisms other

than passive permeability. There seem to be numerous nuanced ways by which larger molecules in beyond ‘Rule

of 5’ space enter cells, and peptides in particular can be engineered to take advantage of endosomal entry, in

which a molecule is enveloped by phospholipids to gain cell entry. The intracellular endosomes then have to

break up to release their cargo into the cytosol. Although our understanding is still at a primitive stage, a mix of

cationic and lipophilic amino acid sidechains appears to enhance endocytosis.

This presentation aims to provide an overview of our understanding of how we can instill cell penetrant

properties into beyond ‘Rule of 5’ molecules. Furthermore, it will be argued that structural modification with the

aim of increasing cell penetration can only be undertaken if we understand the mechanism of cell entry.
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In the hunt for new drug candidates, macrocyclic scaffolds have raised interest to address biological targets

containing large binding surfaces and protein-protein interactions (PPIs) mediated by unstructured omega-loops.

However, the synthesis of peptidic macrocycles is currently restricted to classical macrocyclization methods

such as lactam, disulfide, olefin and triazole bridges. Moreover, their high synthetic cost and lengthy synthetic

routes limit their diversity and availability in the screening libraries. Herein, we report de novo combination of

pseudo natural products and peptides to yield unprecedented hybrid macrocycles that inherit the biological

relevance of the peptide inspired from a protein loop epitope and the unique stereogenic natural product

character, while differing from the cyclic peptidomimetics currently available (e.g. Peptidream, PepScan,

Bicycles). Our strategy makes use of an intramolecular imine cyclization followed by a late stage

diastereoselective cycloaddition on resin to afford pseudo natural product – peptide hybrid macrocycles. Rapid

structural variation of both the Csp3 moiety and the peptidic unit is enabled by leveraging the power of solid

phase synthesis. The cycloaddition selectivity and absolute configuration of the major diastereoisomer was

established using NMR and computational techniques. Incorporation of multiple peptide sequences inspired

from the Agouti-Related Protein into our hybrid macrocycles revealed novel chemotypes that bind the

melanocortin receptors with adjustable selectivity profile and partial agonistic activity for the human

melanocortin receptor 1. Furthermore, a focused library of hybrid macrocycles bearing the DINNN epitope has

been investigated to disrupt the SPSB2-iNOS protein-protein interaction. To summarize, the efficient integration

of pseudo natural products into peptide epitopes yielded exotic new modalities to address GPCRs and PPIs.
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SMALL-MOLECULE STABILIZATION OF PROTEIN-PROTEIN

INTERACTIONS BY NATURAL PRODUCTS, SUPRAMOLECULAR

LIGANDS, FRAGMENTS AND MACROCYCLES

Christian Ottmann

Laboratory of Chemical Biology, Department of Biomedical Engineering, Institute for Complex Molecular Systems,
Eindhoven University of Technology, The Netherlands

Targeted pharmacological modulation of Protein-Protein Interactions (PPIs) is a promising strategy in Chemical

Biology and Drug Development. However, in the vast majority of cases this concept has been realized only for

inhibition of PPIs despite the fact that in many biomedical contexts stabilization of PPIs would be desirable [1].

The natural product fusicoccin A (FC-A) is stabilizing the binding of 14-3-3 adapter proteins to the plant H

+

-ATPase PMA serving as proof-of-principle molecule for the possibility to address the widespread interactome

of 14-3-3 proteins [2, 3]. In humans, these proteins interact with partner proteins implicated for example in

cancer (Raf, p53, YAP/TAZ, Cdc25C), neurodegenerative diseases (Tau, α-Synuclein, LRRK2) or cystic

fibrosis. We have used a fusicoccin-derivative (FC-THF) that stabilizes the interaction of 14-3-3 with the K

+

channel TASK-3 [4]. A similar concept can be applied for the enhancement of CFTR plasma membrane

localization, an important aspect for the treatment of cystic fibrosis [5]. In a possible new strategy for cancer

therapy we have shown how the fusicoccin class of natural products can stabilize the inhibitory interaction of

14-3-3 proteins with the estrogen receptor (ER), the protein kinase C-RAF, and the adapter protein Gab2 [6,7,8].

Together with the demonstration that 14-3-3 PPI stabilizers can be identified by screening conventional

compound libraries [9,10] and the growing number of synthetic stabilizers reported by the community these

studies support the concept of small-molecule PPI stabilization for biomedical research [11]. Very recently we

also used supramolecular ligands to stabilize the interaction of 14-3-3 with Cdc25C [12] and used 14-3-3 as a

bivalent assembly platform [13]. In addition, we have also contributed to inhibition of 14-3-3 PPIs, targeting for

example the pathogenicity protein ExoS from Pseudomonas aeruginosa [14, 15] or Tau, implicated in

Alzheimer’s Disease [16, 17].
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UNDERSTANDING AGGREGATION INHIBITION OF

ALPHA-SYNUCLEIN AND TAU BY SMALL MOLECULES

Markus Zweckstetter

German Center for Neurodegenerative Diseases (DZNE), Von-Siebold-Str. 3a, 37075 Göttingen, Germany

Neurodegenerative diseases share related pathological processes characterized by the generation of

proteinaceous deposits exhibiting excessive β-sheet structures. Growing evidence has implicated the aggregates

in the onset, progression, and clinical symptoms of these disorders. The two most common neurodegenerative

diseases are Alzheimer’s Disease (AD) and Parkinson’s Disease (PD). AD is characterized by the progressive

accumulation of extracellular senile plaques consisting of β-amyloid polypeptide and intracellular neurofibrillary

tangles consisting of Tau protein. PD is characterized pathologically by the detection of Lewy bodies,

intraneuronal aggregates formed by misfolded species of the presynaptic protein α-synuclein. So far, only

symptomatic treatment is available for AD and PD.

Because of the connection of the misfolding and aggregation of α-synuclein and Tau protein to a range of

neurodegenerative disorders, which are collectively referred to as synucleinopathies and tauopathies,

respectively, there is great interest in developing approaches that interfere with α-synuclein/Tau misfolding and

aggregation. Indeed, a number of studies have reported small molecules that interfere with amyloid fibril

formation of Tau and α-synuclein. Little is known however about the mechanisms of inhibition and the nature of

the generated α-synuclein/Tau species. This lack of knowledge is based in part on the intrinsic properties of

α-synuclein and Tau – that is the highly dynamic, intrinsically disordered nature of these two proteins, which

precludes the use of X-ray crystallography or cryo-electron microscopy for the analysis of protein/small

molecule complexes.

In my presentation I will discuss the use of NMR spectroscopy in combination with other biophysical tools and

molecular dynamics simulations for a better understanding of the molecular mechanisms underlying the

inhibition of aggregation of α-synuclein and Tau by small molecules.
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DISCOVERY OF PEPTIDOMIMETICS TARGETING

PROTEIN-PROTEIN INTERACTIONS OF ALPHA-SYNUCLEIN
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Alpha-synuclein, a typical intrinsically disordered protein can aggregate into toxic conformations which are

 present  in  sporadic and familial parkinson disease.

The ratioanl for the synthesis of peptidomimetics interacting directly with alpha-synuclein was as follows:

The structure  of a-syn on membrane surfaces  in the transition region of the helical and random coil between

amino acid residues 92 and 102 contains a segment, KKDQLQK which in MD simulation studies was shown to

be involved in protein- protein interactions. A  structural analysis of this segment identified it to contain a

beta-turn.  Beta-turns are known as recognition motifs for protein- protein interactions leading to

 oligomerization phenomena. Thus we hypothesized that  small molecules mimicking  this  structural motif

would compete against this protein interaction and inhibit the propagation of monomer to  toxic oligomers and

aggregation of a-syn.

The design of these bicyclic peptidomimetics was based on this hypothesis. In preliminary studies we

synthesized the  linear  peptide. and showed that it was capable of inhibiting the oligomerization of a-syn.  We

then designed and synthesized bicyclic analogs  incorporating a scaffold with a privileged beta-turn motif to

increase  1. proteolytic stability  and thus increasing the biological half life  and oral availability,  2. avoiding

 cell permeability issues and  3.  reducing conformational flexibility which can limit affinity  and  selectivity to

the target.  NPT100-18, a prototype mimetic  was selected as a candidate  for extensive in vitro and in vivo

testing.  The results showed that  NPT100-18   interacted directly with  with a-syn, inhibited the formation of

oligomeric species both in vitro and in vivo, enhanced axonal transport in iPSC based models of synucleopathies

and improved motoric function in A-syn transgenic mice.
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TARGETING THE MONOMERIC INTRINSICALLY DISORDERED
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The misfolding of intrinsically disordered proteins (IDPs) such as tau and a-synuclein (aSyn) has been associated

with the on-set and progression of Alzheimer’s (AD) and Parkinson’s (PD) diseases.  A potential strategy to

alleviate the aggregation of IDPs is to maintain their native functional state by small molecule binding. However,

the targeting of the native state of IDPs by small molecules has been challenging due to their heterogeneous

conformational ensembles. 

To tackle this challenge, we initially investigated the structural basis of small molecule drugability of native

monomeric Tau and aSyn.  Two publicly available monomeric conformational ensembles of a shorter Tau

construct K18 were analyzed using in silico structure based fragment mapping, which identified similar number

of hot spots and small molecule binding sites on monomeric Tau ensembles as on tertiary folded proteins of

similar size (Kiss et. al. ACS Chem. Neurosci. 2018, in press).  Similarly, a structural ensemble of aSyn

constructed using experimental NMR data and molecular dynamics simulations was analyzed, which identified

diverse set of potential small molecule binding sites, some of which were present at an interface involving

relatively long-range tertiary contacts (Toth et. al., Plos One, 2014, 9(2):e87133). 

Next, we applied two distinct high-throughput chemical microarray surface plasmon resonance imaging screen

to detect the binding between small molecules and monomeric full-length Tau and aSyn. The screens identified

novel set of drug-like fragment and lead-like compounds that bound to either Tau or aSyn. We verified that the

majority of hit compounds from the Tau screen reduced the aggregation of different Tau constructs in vitro and

in N2a cells (Pickhardt et. al., Current Alzheimer Research, 2015 12, 814). Oral administration of selected hit

compounds to Drosophila melanogaster, over-expressing full-length wild-type human Tau in their motorneurons,

protected them from Tau-induced locomotive impairment by significantly increasing the climbing ability of the

flies compared to controls. 

These results demonstrate that Tau and aSyn are viable receptors of drug-like small molecules. Several of the

identified novel aggregation inhibitors of Tau are drug-like small molecules that are suitable starting scaffolds

for hit to lead optimization and for efficacy studies in relevant in vivomodels of AD. Overall, these results

support the potential and practical feasibility of the therapeutic strategy to target the monomeric state of IDPs by

small molecules to reduce their misfolding and eliminate the formation of potential toxic oligomers. The drug

discovery approach presented can be applied to other IDPs linked to other misfolding diseases. 
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BRAIN-PENETRANT AUTOPHAGY MODULATORS FOR TREATING

NEURODEGENERATIVE DISEASES

Steve Andrews

Alzheimer’s Research UK Drug Discovery Institute, University of Cambridge, UK

Results will be presented on Cambridge Drug Discovery Institute’s (DDI’s) small-molecule autophagy enhancers

which were discovered through fragment and virtual screening against PI5P4 kinases which have previously

been shown to play a role in autophagy (Vicinanza et al. doi:10.1016/j.molcel.2014.12.007). Optimised lead

compounds show favourable rodent pharmacokinetics (high oral bioavailability and brain penetration) as well as

efficacy in models of autophagy upregulation and protein clearance.

Globally, the number of people living with dementia is expected to increase from 50m in 2017 to 152m in 2050. 

Protein misfolding and aggregation are characteristics of the neurodegenerative diseases which cause dementia,

including Alzheimer’s, Parkinson’s and Huntington’s diseases, frontotemporal dementia and amyotrophic lateral

sclerosis. Each disease has distinct brain pathology and causative protein(s), such as amyloid beta,

hyperphosphorylated tau, alpha-synuclein, poly-Q huntingtin, TDP-43, FUS and SOD1.

Regulatory mechanisms of proteostasis such as autophagy are potential targets for disease-modifying therapies.

Autophagy (literally meaning ‘self-eating’) is a degradation pathway that digests and recycles cell nutrients. The

2016 Nobel Prize in Physiology or Medicine was awarded for the elucidation of this mechanism in which

autophagosomes engulf cellular components as large as organelles then fuse with lysosomes which contain the

degradation machinery to ‘eat’ the contents (Menzies et al. doi:10.1038/nrn3961).

Cambridge DDI has identified selective inhibitors of PI5P4 kinase isoforms. siRNA knock down or small

molecule inhibition of these kinases results in an increase in autophagy (e.g. increase in  LC3-II levels).

Furthermore, the small molecule PI5P4K inhibitors can reduce the levels of disease-causing poly-Q huntingtin

aggregates in cells. Further validation for this mechanism has been provided by showing a lack of aggregate

clearance in cells which have been genetically-modified (ATG16L -/-) to prevent autophagy.
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Aberrant activation of innate immune pathways is associated with a spectrum of diseases. Progress into the

molecular mechanisms of innate immune pathways has led to the promise of targeted therapeutic approaches,

however the development of drugs that specifically act on molecules of interest remains challenging. In this talk

I will present our approach to define highly potent and selective small-molecule antagonists of stimulator of

interferon genes (STING), a central signaling component of the innate DNA sensor cyclic GMP-AMP synthase

(cGAS). Mechanistically, the discovered compounds covalently target a conserved cysteine residue 91 and,

thereby, block the activation-induced palmitoylation of STING. The identified compounds and their derivatives

reduce STING-mediated inflammatory cytokine production both in human and in mouse cells. Furthermore, I

will share data that document the efficacy of the compounds in attenuating pathological features of

autoinflammatory disease in mice. In summary, this work uncovers an unanticipated mechanism to

pharmacologically inhibit STING and demonstrates the potential of anti-STING therapies for the treatment of

autoinflammatory disease.
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The innate immune system utilizes a number of pattern-recognition receptors (PRRs) to detect pathogens and

initiate host responses such as the production of type I interferons and pro-inflammatory cytokines. Recent

advances in the understanding of nucleic acid sensing has demonstrated that a cytoplasmic enzyme, cyclic

GMP-AMP synthase (cGAS), produces a novel cyclic di-nucleotide (CDN), 2'3'-cGAMP, characterised by

mixed 2'5' and 3'5' phosphodiester linkages on detection of cytoplasmic DNA. 2'3'-cGAMP acts as a secondary

messenger, binding to and activating the protein STING  (Stimulator of Interferon genes) and initiating a

signalling cascade via the protein kinases, IkB (IKK) and TANK binding kinase 1 (TBK1).

As small molecules capable of stimulating an innate immune response, CDNs and derivatives thereof, have

attracted considerable interest as immunotherapeutics and vaccine adjuvants. This presentation will report

on novel carbocyclic and 2'-fluoro analogues of 2'3'-cGAMP and 2’,3’-CDA. STING binding and X-ray crystal

structure data, whole blood stability and the results of evaluation in vivo in a murine model via intratumoral

administration will be presented.
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Resistance to immune checkpoint inhibitors (ICI) treatment can be attributed to insufficient infiltration into the

tumor microenvironment and/or priming of T cell, lack of suitable neo-antigens presentation and/or impairment

of interferon signaling. The administration of cyclic dinucleotides (CDNs) allows the activation of Stimulator of

Interferon Genes (STING), a key player in immunity, and represents a clinical opportunity to overcome these

limitations by activating both the innate and adaptive immune systems. CDNs contribution to anti-tumor

immunity has been reported in different cancer histotypes, and relies mainly on type 1 interferon

immunostimulatory effects.

We will describe the design, synthesis, in vitro biological activity and antitumor properties of three generations

of STING agonists. The first generation includes compounds with a structure derived from the endogenous

mammalian STING ligand, 2’,3’-cGAMP. The second generation contains CDNs optimized for potency

featuring 2’-Fluoro and/or phosphorothioate modifications (Formula I).

The molecules of third generation are functionalized CDNs with the potency of second generation CDNs and an

additional biological activity (Formula II).

We will discuss the comparative advantages of the three CDN generations at the pharmacological and preclinical

levels. We will present the in vivo data of our two lead compounds used alone or in combination with ICI in

multiple aggressive tumor models, including B16 melanoma and CT26 colon carcinoma.
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IN VIVO ANTI-VIRAL AND -TUMOR EFFECT OF 3’3’-cAIMP STING

ACTIVATION
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Department of Clinical Medicine, Aarhus University, Denmark

Activation of the STING pathway is currently being explored in cancer immune therapy. The first STING

agonist tested was DMXAA, but failed in clinical trial, since it does not bind human STING. The second

generation of STING agonists are cyclic di-nucleotides (CDNs), either the naturally produced 2’3’ cyclic

GMP-AMP or derivatives, and many of these has proven to have high affinity for all common human variations

of STING. In our work, we have focused on 3’3’-cyclic 3’3’-cAIMP (Invivogen) for analysis of antiviral and

anticancer activity in mice.

Administration of 3’3’-cAIMP to mice induce a strong IFN response with upregulation of ISG and minor

activation of other immune pathways such as NFkB. Mice were treated with 3’3’-cAIMP either before or during

genital HSV2 infection and progression of disease and antiviral action was evaluated. Mice treated after

infection had a reduced virus load and increased survival, whereas mice treated prior to infection were

completely protected from infection. Furthermore, local administration had a major impact on virus load, but

displayed a minimum systemic immune activation. Administration of 3’3’-cAIMP to the vaginal mucus layer

induced a strong ISG signature in the epithelial layer indicating a direct action of the CDN in this anatomical

compartment. Overall, 3’3’-cAIMP administration decreased virus load and induced limited immunopathology.

It has emerged that application of CDN to xenograft tumors can be used in cancer immune therapy. Here CDN

have been administrated intramural, which has resulted in tumor reduction and activation of CD8 positive t-cells

in experimental models. To address the effect of CDN on a heterogenic tumor by systemic delivery we induced

liver tumors in the mice by chemical application. Tumor-bearing mice were treated for a month with 3’3’-cAIMP

and left untreated for another month. Tumor load was followed by MR scanning over the period. A proximal

50% of the tumors respond to the treatment with reduces tumor volume or total tumor regression. These data

show that 3’3’-cAIMP has an antitumor effect to a subset of heterogenic liver tumors.
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FRAGMENTS BY CHEMICAL SYNTHESIS

Karl Gademann

Department of Chemistry, University of Zurich, CH-8057 Zürich, Switzerland

Natural products have had an immense influence on science and have directly led to the introduction of many

drugs. Organic chemistry, and its unique ability to tailor natural products through synthesis, provides an

extraordinary approach to unlock the full potential of natural products. In this presentation, an approach based on

natural product derived fragments is presented that can successfully address some of the current challenges in

drug discovery. These fragments often display significantly reduced molecular weights, reduced structural

complexity, a reduced number of synthetic steps, while retaining or even improving key biological parameters

such as potency or selectivity. Examples from various stages of the drug development process up to the clinic are

presented, as well as from our own research. All these concepts have the potential to identify the next generation

of drug candidates inspired by natural products.
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STUCK IN A RUT WITH OLD CHEMISTRY

Jonas Boström
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Pepparedsleden 1, SE-431 83, Sweden

Drug design is still mainly about getting compounds into assays. This has affected what medicinal chemists

make. By analyzing which reactions were used in the past (30 years ago), with the one that are used in today’s

medicinal chemistry labs we observe a stagnation in the field of synthetic methodologies [1]. There is a mind-set

that we default into reactions that we know. This is understandable – it is easy to get stuck in rut with things you

know work reliably [2]. However, it is not entirely fair to give synthetic chemists a difficult time about a lack

of adventurous spirit if we cannot provide accurate enough predictions to convince them to try something new. A

lot of exciting innovation is indeed going on [3], and thoughts about how to bring new synthetic chemistry into

the drug discovery labs will be discussed.
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NEW CHEMICAL LIBRARIES IN EXPLORATION OF CHEMICAL

SPACE

Jurij Svete

Faculty of Chemistry and Chemical Technology, University of Ljubljana, Večna pot 113, SI-1000 Ljubljana, Slovenia

Various heterocyclic systems are important scaffolds for the preparation of compound libraries for medicinal and

pharmaceutical applications. Due to biological activity of many of their derivatives, pyrazoles and their

annulated analogues are attractive target structures. In the course of our studies aimed at preparation of novel

chemical entities, we were focused in particular on pyrazole-based scaffolds with N–N structural motif. A

structure-based survey on planning and setting target structures, development of synthetic methods, and

executing the syntheses of combinatorial libraries of the representative compounds will be presented. The whole

project started based on the preparation of pyrazole analogues of histamine and resulted in the synthesis of a

series of novel compound types. For example, libraries of novel [1,5-a]pyrimidine derivatives were synthesized

[1, 2] and synthetic methods for the preparation of the first representatives of the previously unknown saturated

analogues were developed [3, 4]. All these synthetic methods enable preparation of target compounds in high

yield and purity upon simple workup [1–4]. Syntheses of novel 3D-rich systems will also be presented.
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The discovery of new lead compounds relies on the iterative generation of structure-activity and

structure-property relationship data. Typically, the process is compartmentalized and includes molecular design,

chemical synthesis, physicochemical assay, and biological screening whose data analysis drives the next learning

cycle. Using traditional approaches a significant time delay may occur from design hypothesis to results leading

to slow and expensive hit-to-lead explorations, and attrition during early drug discovery.

Recent advances in flow technologies, computational methods, and biological testing have shown the potential to

accelerate hit discovery and optimization thus improving the mapping of the biological and chemical space of

druggable targets.

1

In this communication, our recent efforts aimed at simplifying and expediting early stages of drug discovery are

reported. In particular, we describe our ongoing work directed towards the development of an integrated

platform for the building and characterization of multicomponent drug-like libraries. Flow synthesizers are

coupled with continuous downstream operations, predictive software, computational analysis, and analytical

devices to easily generate compounds collections readily available for biological screenings. The prototype

system has been applied to the synthesis, purification, characterization and evaluation of chiral tetracyclic

tetrahydroquinolines enabling the discovery of a novel class of Pregnane X Receptor (PXR) modulators.

2

References

1) (a) Schneider, G. Nature Rev Drug Discov. 2017; (b) Gioiello, A. Chemistry Today 2017, 35, 8.

2) Banerjee M, Robbins D, Chen T. Drug Discov Today 2015, 20, 618.

63



LE045
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      Alzheimer’s disease (AD) represents a huge socio-medical challenge. Currently-available drugs offer only

modest symptomatic benefit and no agent blocks progression of the disorder. Cholinesterase inhibitors like

Donezepil, and the NMDA receptor (R) modulator, Memantine, are directed at a single molecular target. Further,

the most broadly evaluated agents, antibodies against b-amyloid and inhibitors of proteolytic generation from

APP, possess a unitary MOA, and have not yet proven clinically active.

      One might ask whether these, or any other highly-specific MOA, will do the business inasmuch as idiopathic

AD is multi-factorial. It is characterised by a bewildering suite of risk/causal factors, cognitive and psychiatric

symptoms, and pathophysiological changes, with heterogeneity amongst patients translating into differential

responsiveness to treatments. Further, clinical diagnosis usually takes place well after the emergence of cellular

pathology, perhaps too late for disease-modifying (DM) treatment. Improvements in biomarkers, like b-amyloid

imaging and circulating miRNAs, may allow more precocious intervention. However, tolerance/cost will need to

be very favourable for pre-symptomatic compliance/prescription, and the question remains of treatment with 

what. The present talk suggests that interventions possessing multiple MOAs justify particular attention.

      Life-style changes from Mediterranean diet to exercise to improved sleep might be considered

multi-functional approaches with potential benefits on, for example, cerebral bioenergetics and

neuroinflammation. Their adoption in recent years may be related to the decreasing incidence (percentagewise)

of AD. Further, optimized lifestyle could be a foundation for testing new medication or, at the very least, energy

balance and activity levels should be individually-monitored in participants from the outset.

      Intriguingly, improved sleep enhances extracellular clearance of neurotoxic proteins, and a promising line or

“R&D” is the enhancement of intracellular protein clearance via the autophagic-lysosomal network (ALN). In a

sense, this is, functionally-speaking, a multi-modal approach since the ALN clears not just b-amyloid but also

other classes of neurotoxic protein as well as damaged mitochondria Moreover, drugs like Curcurmin,

Resveratrol and Methylene Blue favour ALN clearance while possessing additional MOAs, like anti-aggregant

properties. The final verdict on such agents is awaited but they are certainly not a panacea, so it is important to

pursue new multi-target. In this light, the present talk exemplifies the type of approach that may be undertaken

towards the development of more effective, multi-functional interventions for symptomatic and DM control of

AD.

      First, as regards the better control of symptoms, a broader focus than purely neurocognitive defects would be

advisable, and employing improved readouts vs those conventionally used to date. Many classes of GPCR

control not just “Learning and Memory”, but also social cognition as well as other psychiatric domains affected

in AD. One example is 5-HT6Rs, which have not proven sufficiently active in the clinic, but which could be

combined with other classes of GPCR like dopamine D3R antagonists. Both should synergistically promote

cortically-integrated social cognition and neurocognition by suppressing mTOR over-activation and reinforcing

cholinergic and glutamatergic signalling. Further 5-HT6R blockade may afford complementary anxio-depressive

properties, while D3R antagonism might moderate the occurrence of psychotic episodes.

      Second, misprocessed, misfolded and oligomerised tau is a partner in crime with b-amyloid, since it spreads

through the brain in parallel with cognitive decline, while higher-order forms block the proteosome. Its targeting

is under evaluation. However, an attractive approach would be to attack pathological forms and oligomerisation

of both b-amyloid and tau while avoiding interference with normally-functioning protein. One strategy, dubbed

the “Common Conformational Motif,” is being pioneered by Treventis*. It is rooted in transthyretin-inspired, in
silico models of epitope commonalities between b-amyloid and tau in order to construct “surrogate crystal

structures” that orient the screening, characterisation and validation of small, multi-target molecules that

interfere with the misfolding and oligomerisation of both proteins1. Cell-free and in vivo models support dual

activity of a range of chemical structures, and functional efficacy in animal models for AD is being evaluated1.

      Finding broadly-effective DM and symptomatic treatments for AD will not be easy. In addition to early

intervention and exploitation on a favourable life-style background, interventions with multiple MOAs that

counter several pathological processes driving the disorder may have the greatest chance of success.

 *Treventis is partnering with Servier, and Mark Reed at Treventis is thanked for provision of this information.
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While the selection of compounds based on single-target activities assumed to confer efficacy has been

performed extensively in the recent past, it has now become more clear that this single-target based approach is

only reliably applicable in certain situations (such as where inhibition of a particular signalling cascade is clearly

responsible for a given effect, or in certain situations in the infectious disease area). In more complex situations,

however, it appears that the modulation of multiple targets seems to be necessary to achieve efficacy, and that

also systems-based readouts (such as those based on transcriptomics data) hold relevant information for both

compound efficacy and toxicity.

In this presentation, we will discuss several case studies from different disease areas, such as cancer and

infectious diseases, where the modulation of multiple targets seems to have an advantage over targeting only

single proteins. The modulation of those proteins can be achieved either via single compounds, or compound

combinations, and the selection of compounds can either be performed on the protein target level, or the systems

(transcriptomics readout) level. Examples for all of those cases will be included in this presentation, also

illustrating that mode-of-action analysis and compound selection are two sides of the same coin and hence

intrinsically related, and showing that both efficacy- and toxicity-related signals can be identified in systems

readouts, such as gene expression data.
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IN SILICO POLYPHARMACOLOGY
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Until recently, computer-assisted polypharmacology was an appealing idea, but only occasionally applied.

1

However, in recent years, multiple studies contributed to demonstrating that advanced computational methods

can be efficiently rewired for rationally designing compounds endowed with activity at multiple targets. This

appears particularly relevant in CNS-related conditions, which are often associated to a multi-layered aetiology.

The application of advanced ligand- and structure-based virtual screening methods, the increasing role of

molecular dynamics,

2

 and the way these protocols can be efficiently coupled to biophysical techniques will be

discussed. Selected examples of how computational design translated into actionable insights for synthesizing

multi-target directed ligands will be reported. Last, an outlook on the current trends and most recent

developments in the field will be provided.
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Epilepsy is one of the most common neurological diseases affecting approximately 50 million people worldwide

(1). Under medical care, about 70% of patients become seizure-free, however, approximately 30% of patients

has ‘intractable seizures’ that do not respond to medication or have unmanageable side effects (2). Levetiracetam

(LEV) is the primary agent for treating epilepsy. LEV has proven effective in the treatment of epilepsy(3),

although its clinical use can be hindered by dose-limiting side effects (30-50% discontinue despite having some

benefit (4). Newer antiepileptic drugs (AEDs) that can effectively modify the development of epilepsy by

targeting the underlying epileptogenic process are desirable.

Positive allosteric modulators (PAMs) of mGlu

2

 receptors have emerged recently as promising novel therapeutic

approaches for the treatment of several CNS disorders, including epilepsy (5). Activation of the mGlu

2

 receptor

results in reduced glutamate release and decreases excitability (6,7). Prior to seizure activity, increases in

extracellular glutamate are measured in human hippocampus and the increase is sustained during epileptogenic

activity (8), thus lending support to the idea that a reduction in glutamate levels may be of benefit in the

treatment of epilepsy.

Herein we report the structure-activity relationship of a series of mGlu

2

 PAM triazolopyridines (9,10) with

anticonvulsant efficacy. Moreover, in combination with LEV, a strong and specific pharmacodynamic synergy

was observed, shifting the potency of LEV without worsening of tolerability(5,11).This combination has the

potential to reduce the dose of LEV required to produce full efficacy, thereby, potentially reducing its side

effects. Thus, mGlu

2

 PAMs have the potential to be first in class, first add-on drug to the leading LEV.
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Activity-based protein profiling (ABPP) is a rapidly emerging field in chemical biology research. Enzymes

that employ a mechanism in processing their substrate that involves formation of a covalent enzymeintermediate

adduct can be blocked by mechanism-based suicide inhibitors: compounds that react within

the enzyme active site to form a covalent and irreversible adduct. Introduction of a reporter moiety (‘TAG’

in the below picture) yields an activity-based probe (ABP) through which enzyme activities can be

discovered (comparative ABPP) and the efficacy enzyme inhibitors in complex biological systems analyzed

(competitive ABPP).

Our work on ABPP development focuses on retaining glycosidases: hydrolytic enzymes able to cleave

interglycosidic linkages and that do so through the formation of covalent enzyme-substrate intermediates.

Configurational and functional analogues of the natural product and mechanism-based retaining betaglucosidase

inhibitor, cyclophellitol, prove to be highly versatile tools to study retaining glycosidases of

various nature and origin in relation to human health and disease, but also in the field of biotechnology. In

this lecture the current state in the design, synthesis and application of synthetic cyclophellitol derivatives

in studying retaining glycosidases will be presented. Discussed subjects will include 1) diagnosis of human

lysosomal exoglycosidases in relation to lysosomal storage disorders; 2) glycosylation of cyclophellitol

derivatives top arrive at retaining endoglycosidase ABPs and 3) application of glycosidase ABPs in the

functional profiling of fungal secretomes for the discovery of glycosidases for biotechnology application.
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Cancer stem cells have been shown to be refractory to conventional therapeutic agents, can promote metastasis

and have been linked to cancer relapse

1,2,3

. Salinomycin can selectively kill cancer stem cells

4

. We have shown

that salinomycin derivatives accumulate in lysosomes and sequester iron in this organelle. As a result,

accumulation of iron leads to the production of reactive oxygen species and lysosomal membrane

permeabilization, which in turn promotes cell death by ferroptosis

5,6

. This investigation has revealed the

prevalence of iron homeostasis in cancer stem cells and paved the way towards the development of next

generation therapeutics

5,6

. It demonstrates that the chemical reactivity of iron can be reprogrammed by means of

small molecule intervention and raises a putative role of this metal in the maintenance of a mesenchymal state of

cancer cells

5,6

.
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Resistance threats the success of clinical therapies and challenge pharmaceutical industry to constantly develop

better antimicrobials. Meanwhile, the bioactivity of a newly launched antibiotic may be quickly compromised by

the rapid rise of resistance against the given compound.

Our aim is to investigate the relationship between the chemical structure of antibiotics and the emerging

resistance mechanisms. To reach this aim we combine in vivo mutational effect analysis (AMAT) with in silico
molecular modeling. AMAT (Accelerated Mutagenesis of Antibiotic Targets) is a novel targeted mutagenesis

technology from our lab and it allows us to map resistance mutation with an extreme resolution at the antibiotic

target directly in clinical pathogens. With computational modelling, AMAT is capable to chart drug-protein

interactions and provide novel insights into the alterations at the drug target that causes resistance.

The combination of these techniques enables us to investigate the structure-resistance landscape of antibiotics

and facilitate the understanding of molecular mechanisms behind the target-mediated resistance. In the long

term, it can pave the way to develop new antibiotic compounds with increased resistance tolerance.
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Mycolactones are a group of complex macrolactones with very interesting cytotoxic, immunosuppressive and

analgesic properties. As the exotoxins of the human pathogen Mycobacterium ulcerans, mycolactones are central

to the pathogenesis of the neglected disease Buruli ulcer, a severe and chronic medical condition characterized

by extensive necrotic skin ulcers. Mycolactone A/B, the most biologically active member of the mycolactone

family of polyketides naturally occurs as a 2:3 mixture of the cis- and the trans-isomer at the ∆4’,5’ 

double bond

of the lower pentaenoate side chain.[1] However, despite extensive research in several academic laboratories, it

is not yet clear which of these isomers represents the major contributor to bioactivity. Moreover, the molecular

mechanisms of mycolactones action are heavily debated but none of the targets proposed in the previous

literature was rigorously validated.

Intrigued by the biological activities of mycolactones, we synthesized a variety of analogs by total synthesis.[2]

These compounds featuring modifications at the lower side chain (R

2

) and the upper core extension (R

1

) were

used to derive essential structure–activity relationships. With the aim of identifying novel druggable targets,

biotinylated mycolactones were prepared for target deconvolution studies. By using these tagged probes in

conjunction with qPCR, RNAi and immunoblotting, we identified the mechanistic Target of Rapamycin

(mTOR) signaling pathway as the key driver of mycolactone action.[3] We showed that mycolactone A/B targets

the 12 kDa FK506-binding protein (FKBP12) and interferes with the assembly of the mTORC2 multiprotein

signaling complex thereby preventing the activation of the downstream protein kinase Akt. The resulting

dephosphorylation of the Akt-targeted transcription factor Forkhead box O3 (FoxO3) triggers the expression of

the pro-apoptotic Bcl-2-like protein 11 (Bim) driving cells into apoptosis. Bim knockout protected cells from

mycolactone toxicity in vitro and prevented the Buruli ulcer phenotype in M. ulcerans-infected mice confirming

our results in vivo. Very recently, we prepared rigidified mycolactone analogs for elucidating the influence of the

∆4’,5’-cis/trans isomerism on bioactivity. The synthesis and the SAR of these analogs will also be presented.
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Due to the well-known “fluorine effect” of the fluorine atom and the fluorinated groups on the chemical,

physical and biological properties of a given molecule, incorporation of a fluorine atom or a fluoroalkyl group

into has become a routine practise in the development of drugs or agrochemicals. Consequently, development of

efficient methods that could late-stage introduction of fluorine or fluorinated groups of the drug molecules have

been of intense current interests.

Among the rapidly increasing and powerful fluoroalkylating methods, direct fluoroalkylation of a nucleophile

with an electrophilic fluoroalkylating reagent arguably represents one of the most versatile and actively studied

methods for the preparation of fluoroalkylated compounds. Accordingly, several classes of electrophilic

fluoroalkylating reagents has been developed by the groups of Yagupolskii, Umemoto,Togni, Shibata,Prakash,

among others, thus providing a strong driving force for the discovery of the new fluoroalkylation methodologies.

Even though some of these reagents have been commercialized, further broad applications of these electrophilic

fluoroalkylating reagents were largely hampered by their relatively complicated synthetic procedures. In the past

eight years, we have discovered several electrophilic fluoroalkylating reagents including electrophilic

trifluoromethylthiolating reagents, difluoromethylthiolating reagent and new trifluoromethylating,

difluoromethylating, monofluoromethylating reagents based on sulfonium ylide skeleton. These reagents can be

easily synthesized and reacted with a variety of nucleophiles, thus providing a toolbox for incorporation of

fluoroalkyl groups for new drug discovery.
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Conventional cross coupling is one of the most powerful methods to construct carbon-carbon bonds starting

from organohalides and organometallic reagents, catalyzed by late transition-metal catalysts in general.

1

 With

our and others’ efforts, the electrophilic partner can be taken place of by O-based electrophiles.

2

 C-H bonds

could also applied as coupling partners, coupled with various organometallic reagents, as well as another

molecule of C-H bonds.

3

 To avoid the utilization of late and heavy transition-metal catalysts, the earth-abundant

transition-metal and even metal free catalytic systems were built up to proceed the cross coupling between

organohalides and arenes.

4

 These studies may lead the evolution of cross coupling in an environmentally benign

manner.
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Dr. William Knowles, in his 2001 Nobel Lecture, describes his 1960s and 70s work in developing asymmetric

hydrogenation catalysts.  Now, 45 years later after the first commercial application of asymmetric catalysis,

although major advances have been made (e.g.; Professor Noyori’s Nobel prize winning work in asymmetric

hydrogenation), significant challenges remain.  This presentation describes innovation in asymmetric

hydrogenation catalysis from both an academic and industrial perspective.  Having invented a catalyst that

addresses an unmet need in asymmetric hydrogenation, many challenges remain before the catalyst provides an

economic return.  The knowledge gained and shortcomings recognized during scale-up and commercialization

can lead to greatly improved ‘next generation’ catalysts.

This presentation highlights recent advances in our labs and the commercialization of many chiral phosphine

ligands by Chiral Quest, Inc.  The broad array of our chiral catalyst toolbox and their numerous applications for a

variety of functional group hydrogenations will be reviewed.  The emphasis will be on the practical application

of asymmetric hydrogenation to make chiral pharmaceutical in ton scale.
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CATALYTIC TECHNOLOGY (AN ODESSY)

Fener Chen
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This lecture could be divided in to the following four main sections.

1. Introduction of the research background: The treatment of hyperlipidemia and the development of statin drugs.

2. The technical shortcomings of the traditional synthesis technology strategy of statin APIs.

3. The synthetic new strategy of statin drugs via the chemical kinetic resolution methods.

4. The new asymmetric synthesis strategy statin drugs via the chiral catalysis technology using the selective

catalyst.
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Nonalcoholic fatty liver disease (NAFDL) is an increasingly recognized liver disease caused by fat accumulation

affecting around 30% of the world population and 70-80% of individuals who are obese and diabetics. The

progression from fatty liver/steatosis to nonalcoholic steatohepatitis (NASH) increases the risks for fibrosis,

and/or cirrhosis. NASH, projected to become the most common indication for liver transplant in the next decade,

is also a risk factor for type 2 diabetes and end stage kidney disease There are currently no medications approved

for the treatment of NASH. In recent years, many drug candidates acting on various pathophysiological NASH

processes have entered clinical development. Among the targets, several nuclear receptors, such as FXR and

PPARs  have shown to have  therapeutic potential for the treatment of NASH. The Farnesoid X receptor (FXR),

primarily expressed in the liver, gut and liver, plays a key role in bile acids, cholesterol and glucose homeostasis

and has been shown to have anti-inflammatory and anti-fibrogenic properties thus representing a suitable

therapeutic option for NASH patients. Of all the steroidal and non-steroidal FXR agonists the most clinically

advanced is Obeticholic acid (OCA) , a semisynthetic bile acid derivative approved in May 2016 by the US FDA

for the treatment of Primary Biliary Cholangitis (PBC). OCA is currently the only FDA-designated Breaktrough

Therapy in development for NASH and with the Phase3 trials REGENERATE and REVERSE underway is on

track to be the first approved NASH therapy. In this talk I will summarize the history of OCA, its current state of

development and its role in the emerging opinion that therapeutic approaches for treating NASH will not be

single drug therapies.
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The farnesoid X receptor (FXR) is a nuclear receptor that serves as the master regulator of bile acid metabolism

and signalling.  Activation of FXR inhibits bile acid synthesis and increases bile acid conjugation, transport, and

excretion, thereby protecting the liver from the harmful effects of bile accumulation.  There has been

considerable interest in FXR as a therapeutic target for the treatment of cholestatic liver diseases and

non-alcoholic steatohepatitis (NASH).  This presentation highlights the discovery of LJN452 (tropifexor), which

is a novel, highly potent, non-bile acid FXR agonist currently being evaluated in phase 2 human clinical trials in

patients with NASH and primary biliary cholangitis (PBC).
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Galectin-3 is a β-D-galactopyranoside specific lectin which is involved in the pathology of fibrosis and cancer.

We recently finalized a successful phase I/IIa study with our galectin-3 inhibitor, TD139, which is being

developed as an inhaled treatment of Idiopatic pulmonary fibrosis (IPF). Since genetic depletion or inhibition of

galectin-3 reduces fibrosis in other organs such as liver, kidney and heart, there is a need for a systemically

available galectin-3 inhibitor. We report here how we developed the first orally available high affinity (nM)

galectin-3 inhibitors and the effects of these in PD models of fibrosis and cancer.

Designing small high affinity lectin inhibitors with a natural saccharide as a starting point is a major challenge.

In general mono- and disaccharides bind with an affinity in the low µM-mM range due to that the lectin binding

sites are shallow and polar. Inhibitors with high polarity also in general have limited oral bioavailability, which

indeed is the case for the disaccharide TD139. By introduction of non-natural aromatic substituents to the 1 and

3-position of α-D-galactopyranoside the polar surface area was reduced and lipophilicity increased to result in

compounds with PK properties suitable for oral administration. Then high affinity compounds could be achieved

by the use of specific interactions, such as fluorine-amide, phenyl-arginine, sulfur- π and halogen bonds.

Further, we have shown that these compounds reduce development of fibrosis in a CCl4 mouse model and that

they also reduce tumor growth and metastasis in a model of Lewis Lung Carcinoma. We are currently in the

process of taking candidates of this class to man for development of new treatments of fibrosis (NASH) and

cancer.
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Adipose Triglyceride Lipase (ATGL) is the first and rate-limiting enzyme in the catalytic cascade of lipolysis.

[1]

Hence, ATGL is primarily responsible for the mobilization of fatty acids (FAs) from cellular triglyceride stores

[2]

 and in consequence the level of circulating FAs.

[3]

 As high levels of serum FAs are closely linked to the

development of non-alcoholic fatty liver disease (NAFLD) and insulin resistance, which further progresses to

liver steatosis and type II diabetes, respectively, ATGL represents an interesting pharmacological target. This is

strongly supported by the results of ATGL knock out studies in mice, which show an increase in insulin

sensitivity.

[3, 4]

Recently, we described the first potent inhibitor of murine ATGL, Atglistatin® (IC

50 

= 0.7 µM). Treatment with

Atglistatin effectively reduces FA mobilization in vitro and in vivo, which leads to a tremendous increase of

insulin sensitivity and resistance against the development of NAFLD in mice fed a high fat diet. Still, mice

showed no loss in muscle weight or accumulation of TGs in ectopic tissue such as skeletal muscle, or heart in

contrast to ATGL-k.o. mice.

[4] 

The structure of Atglistatin has been developed from the hit compound (shown in Figure 1) in an intense

optimization process and is designed to overcome toxicity and solubility issues while increasing potency. It can

be produced in a three-step-synthesis. However, Atglistatin inhibits only murine ATGL. To overcome this issue,

we are currently working on further optimization of the lead structure to produce a 2

nd

 generation inhibitor.
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The discovery of EGFR L858R and del19 activating mutations in non-small cell lung cancer patients intensified

the change of thinking towards personalized tumor therapy. “Oncogene addiction” to the EGFR signalling

pathway paved the way for the development of the small molecules erlotinib and gefitinib as mutant selective,

first generation tyrosine kinase inhibitors. Initial good results were overshadowed by imminent resistance

development mainly via the gatekeeper point mutation T790M.Rational efforts in drug design finally led to

irreversible third generation, mutant selective EGFR inhibitors with promising results in patient with acquired

T790M mutations that became resistant to first generation TKIs. Recently, a third point mutation C797S was

discovered in the cancer tissue of patients. This particular mutation renders irreversible bond formation with the

cysteine impossible. Thus this acquired mutation leads to resistance to the actual gold standard osimertinib

(FDA-approved 2015).

Beside the development of potent allosteric inhibitors, a target hopping approach from pyridinylimidazole-based

p38 MAPK inhibitors to EGFR inhibitors led to trisubstituted imidazoles as structural novel class of

EGFR-inhibitors. The approach yielded very potent reversible and irreversible inhibitors of the EGFR L858R,

L858R/T790M and L858R/T790M/C797S mutants with submicromolar IC50s. These compounds show apart

from a covalent binding mode to the double mutant additional noncovalent binding properties at the triple

mutant. Furthermore, high cellular as well as wild type sparing activity (comparable to osimertinib) in

L858R/T790M mutant cancer cell lines, good kinome selectivity profile and metabolic stability could be

achieved. Example compound shows IC50 (EGFR-L858R/T790M) = < 0.5 nM and EGFRL858R/T790M/C797S

down to 6 nM. Cellular EC50 value reaches down to 6 nM in a double mutant L858R/T790M cell line. In sum,

this new class of EGFR inhibitors together with this rational approach to inhibit EGFR L858R/T790M/C797S

may stimulate the development of either improved trisubstituted imidazoles as candidates or probes.In addition

the design approach might be transfered to other structural classes of EGFR inhibitors.
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It is estimated that 5% of the human genome is dedicated to protein phosphorylation; a common biological

process involved in normal cellular pathways and cascades. However kinases activity has been reported to be

deregulated in a broad range of diseases (Parkinson, inflammation, cancers…) which has triggered over the last

two decades a massive interest in identifying and developing selective kinase inhibitors.

Cancer treatment is definitively the most important therapeutic area where kinase inhibitors have found their

application and about 30 synthetic small molecular drugs have received marketing approval, on top of a handful

of monoclonal antibodies. The development of the targeted therapy paradigm in Oncology as well as the clinical

demand for much better tolerated treatments have conducted research towards the discovery of selective to

exquisite kinase inhibitors.

Few years ago, a chemogenetic study

1

 based on kinase sequence similarity and structure Structure-Activity

relationships (SARs) analysis underlined 16 privileged residues in the active site that are recurrently involved in

kinase protein stabilization and ligand binding. Interestingly, this analysis pointed out the importance of residues

which play a role in kinase conformation regulation (active vs inactive) and which can serve as levers for

selectivity optimization of inhibitors.

It was originally thought that DFG-out conformation related inhibitors would be more selective than those

targeting active conformations as this inactive conformation has not been observed by X-ray studies across the

all kinome. This selectivity trend has not been eventually confirmed but αC helix-out conformation related

inhibitors (e.g. MEK and HER inhibitors) revealed exquisite selectivity profiles but potentially at the expense of

potency against oncogenic mutants.

We will describe in this communication what were the medicinal chemistry and in silico drug design strategies

undertaken in our group to identify and develop selective kinase inhibitors for three oncology projects,leveraging

interactions with specific protein residues, active and inactive conformations and stable/unstable water molecules

in the ATP cleft.

 2-5
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Protein kinases are highly tractable targets for drug discovery. However, the biological function and therapeutic

potential of 80% of the 500+ protein kinases in the human kinome remain poorly studied. There is a strong need

for more selective molecular probes to aid the discovery of new therapeutic concepts. Boehringer-Ingelheim

recently launched opnMe, an open innovation portal providing access to Boehringer Ingelheim’s molecule

library for open sharing and collaboration to the benefit of drug discovery. Most of the well-characterized

pre-clinical chemical and biological compounds can be ordered for free without entering into intellectual

property negotiations. This contribution will focus on the discovery of Boehringer-Ingelheim´s CDK8 inhibitor

that is available on opnMe and illustrates how kinase selectivity considerations were utilized for hit finding as

well as for mining the corporate database for the donation of 106 compounds for the kinase chemogenomic set

(KCGS). This Structural Genomic Consortium (SGC) initated publicly available collection of (fully

annotated)selective kinase inhibitors, which covers more than half the human kinome, will aid the prioritization

of chemical probes for understudied kinases.

https://opnme.com/home

David H. Drewry et al., Progress towards a public chemogenomic set for protein kinases and a call for

contributions, PLoS ONE 12(8): e0181585
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Tyrosine kinase 2 (TYK2) is one of the four members of the Janus (JAK) family of kinases, which also includes

JAK1, JAK2 and JAK3.  JAK kinase hetero-, and to a lesser extent homo, pairs play a key role in signal

transduction of cytokines which signal through the JAK- Signal and Transduction of Transcription (STAT)

pathway. TYK2 is important in IL-23 and IL-12 signaling where it pairs with JAK2, and Type I interferon

signaling where it pairs with JAK1. Genome-wide association studies have associated TYK2 loss of function

loci with a number of auto-immune diseases including Crohn’s disease, ulcerative colitis, psoriasis, systemic

lupus erythematosus, and, rheumatoid arthritis.  The pharmacological profile of a selective TYK2 kinase

inhibitor provides an opportunity to address a number of auto-immune diseases with a differentiated profile.

In this presentation we describe the discovery of an ATP competitive pyrazolopyrazinyl series of selective TYK2

inhibitors.  The target profile and balanced selectivity against JAK2, was established through understanding of

PK/PD relationships developed from our clinical experience.  Through a structurally enabled program a scaffold

hopping effort lead to several Type 1 kinase hinge designs and a preferred lead template.  Further potency

optimization involved leveraging P-loop engagement and simulated water  thermodynamics.  ADME properties

in general in the program were favorable, however issues with non-P450 clearance pathways were identified, and

a successful solution will be described.  This effort led to the identification of PF-06826647 a potent and

selective inhibitor of TYK2 which is currently in Phase 1 clinical studies.
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The Wnt signaling pathway has been shown to regulate crucial aspects of cell fate determination, organogenesis,

cell migration and polarity.

1

 Importantly, compromised Wnt signaling has been implicated in the perturbation of

synaptic integrity and function in Alzheimer’s disease (AD).

2

Palmitoleoylation of Wnt proteins is required for efficient binding to Frizzled receptors and the subsequent

signal transduction. The carboxylesterase Notum has been shown to act as a key negative regulator of the Wnt

signaling pathway in Drosophila by specifically mediating the depalmitoleoylation of Wnt proteins.

3,4

 Notum is

expressed in the mammalian central nervous system (CNS): Notum is upregulated at mRNA level in whole brain

lysates in AD model (APP-PS1 mice) and upregulated in human AD patient brain samples. We are currently

investigating the role of Notum in modulating Wnt signaling in the CNS. We propose that inhibition of Notum

could prolong Wnt signaling, with potential beneficial effects to neuronal health in AD.

To identify Notum inhibitors,

5 

a fragment library screening approach was performed using crystal soaking X-ray

crystallography. A robust primary fluorescence assay has been developed for the characterisation of Notum

inhibitors, along with a secondary, more biologically relevant, native substrate assay.

A number of novel fragment hits were identified as Notum inhibitors with micromolar affinity (1 uM to >1 mM).

A rational, structure based drug design (SBDD) process was used to generate highly potent (<10 nM) inhibitors

of Notum with good aqueous solubility, in vitro metabolic stability, cell permeability and CNS penetration in

vivo. Our key goal is to develop a ‘fit for purpose’ Notum inhibitor to determine the role of this enzyme in

modulating Wnt signaling in the mammalian CNS, and its potential as a therapeutic for AD. In addition, we will

present our empirical-based learnings on the modulation of heterocycle acidic pKa to achieve satisfactory CNS

penetration.
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MicroRNAs (miRNAs) are a recently discovered category of small RNA molecules that regulate gene

expression at the post-transcriptional level. Accumulating evidence indicates that miRNAs are aberrantly

expressed in a variety of human cancers, thus being oncogenic and that the inhibition of oncogenic miRNAs

(defined as the blocking of miRNAs’ production or function) would find application in the therapy of different

types of cancer in which these miRNAs are implicated (1).

Our work aims at the development of small-molecule drugs targeting specific oncogenic miRNAs production as

illustrated in Figure 1A (2). Toward this aim, we perform both the synthesis of new RNA ligands (Figure 1B)

and the screening of compounds libraries (Figure 1C). Both approaches are based on a high throughput in vitro
assays and demonstrated to be successful in identifying compounds able to interfere with the biogenesis of

oncogenic miRNAs in a selective manner at the intracellular level. Thanks to these works, we demonstrated that

it is possible to inhibit miRNAs production using synthetic small molecules and that this kind of approach could

be applied in future anticancer therapies. Noteworthy, these RNA ligands could find extremely important

applications as chemical biology tools for the improvement of our understanding of miRNAs biological

pathways.
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Aberrant DNA hypermethylation within gene promoter regions and subsequent gene silencing are near universal

hallmarks of human cancer.  Upon DNA replication, these methylation profiles are copied onto the

newly-synthesized DNA strand by DNA methytransferase 1 (DNMT1), ensuring heritability of the epigenetic

profile upon cell division.

Reversal of DNA methyl marks by a hypomethylating agent such as decitabine, delivers clinical benefit for the

treatment of cancers such as acute myeloid leukemia.  However, such agents have considerable drawbacks,

including IV administration, poor PK properties, lack of selectivity and a mechanism that requires incorporation

into replicating DNA, all of which limit their therapeutic benefit.  This indirect, irreversible inhibition of the

entire DNMT family (DNMT1, 3a and 3b), and subsequent DNA damage, induces significant dose-limiting

toxicity, preventing sufficient target engagement required for maximal demethylation and limiting therapeutic

utility. As a result, the past few decades have seen considerable interest in the development of potent, selective

DNMT1 inhibitors. However, these attempts have been fraught with difficulty and have delivered little, if any,

success.

Through an innovative industry / not-for-profit collaborative drug discovery program, we have successfully

delivered agents which overcome many of these limitations.  An extensive high-throughput screen and robust

screening cascade development revealed just a single molecule which was found to be non-DNA incorporating

and highly selective for DNMT1 over DNMT3a or DNMT3b.  Structure-activity relationship (SAR)

optimization of the series led to the discovery of potent tool compounds that induced robust decreases in global

DNA methylation in cancer cells, induced transcriptional activation of many silenced genes, and inhibited cancer

cell growth.  In vivo investigations with these agents demonstrated appreciable exposure, decreased DNA

methylation and a dose-dependent decrease in tumor growth with regression at well-tolerated doses, without the

toxicity observed with decitabine.  

This presentation will describe our work in this area, detailing the challenges faced along the way and sharing

our learning as to how these were overcome.
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The Inhibitor of Apoptosis Proteins (IAPs) are key regulators of anti-apoptotic and pro-survival signalling

pathways. Overexpression of IAPs occurs in various cancers and has been associated with tumour progression

and resistance to treatment.

Astex has successfully applied fragment based drug discovery (FBDD) to develop clinical candidate ASTX660,

a non-peptidic, potent antagonist of both cellular inhibitor of apoptosis and X-linked inhibitor of apoptosis

proteins (cIAP and XIAP respectively). This profile provides ASTX660 with a different pharmacological profile

compared to previously reported, alanine-based, peptidomimetic antagonists.

Using our fragment screening approach, Pyramid

TM

,

 low molecular weight, non-peptidic fragments hits were

identified which bind with millimolar affinities to both cIAP1 and XIAP. Structure based hit optimisation,

guided by X-ray crystallography, together with computational studies and NMR solution conformational

analysis, led to the identification of potent (nM) lead molecules. Subsequent lead optimization focused on

reducing off-target activity and improving pharmacokinetic properties. This resulted in ASTX660, a potent

non-peptidic IAP antagonist which is structurally distinct from all previously reported IAP antagonists in the

clinic. ASTX660 is currently being tested in a phase I/II clinical trial (NCT02503423) and we propose that its

unique profile may offer improved efficacy over more cIAP selective antagonists. Chemical structures of all

compounds (incl ASTX660) will be shown.
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The open sharing of research is being increasingly recognised as a driver of innovation in biomedical research.

Many funding agencies now mandate the open sharing of project-related data, and most pharmaceutical

companies are engaged in substantial “open innovation” programs. We have demonstrated the logical extension

of such ideas to “open source” drug discovery in which all data and ideas are shared in real time, anyone can

participate and no patent protection is sought. The pilot project involved the synthesis of an enantiopure version

of the world’s most widely used anthelmintic, praziquantel.

1

 With the Medicines for Malaria Venture (MMV) we

have more recently demonstrated successful execution of hit-to-lead projects in the Open Source Malaria

Consortium, to which scientists have contributed from the private and public sectors, ranging from academics to

school students.

2

 Highly promising series are now being explored for the potential treatment of tuberculosis and

mycetoma, the latter as part of the newly-announced MycetOS consortium with the Drugs for Neglected

Diseases Initiative (DNDi).

3

 We have recently argued for the expansion of such an approach to full-scale drug

development as a competing model for the traditional pharmaceutical industry,

4

 and this will be outlined.
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The re-emergence, on the global scale, of lesser known arbovirus infectious diseases such as Zika and

Chikungunya virus (CHIKV) infections has taken the world by surprise. The lack of approved anti-virals for the

treatment of these diseases has meant that the most effective method for the prevention of infection is through

controlling the spread of virus borne vectors. Thus there is an urgent need to investigate and develop anti-viral

‘’cures’’ for these diseases, which would retard and prevent the spread of the viruses. Our studies are specifically

focused on Chikungunya virus infection in view of the rapid spread of this virus in South East Asia. In this

paper, we report our approaches to the optimization of lead compounds 1a and 1b which have promising

anti-viral activities but very short metabolic half-lives. Through our studies, we identified compounds such as 2c

and 2d that inhibit CHIKV replication in the low micromolar range. In a preliminary pharmacokinetic study

using human liver microsomes, compound 2c showed significant improvement in in vitro metabolic stability,

with a half-life of 28 min. These results represent a substantial advancement in the early preclinical development

of a new class of novel antiviral drugs against Chikungunya infection.
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Malaria remains a major global health problem. In 2016 alone, 216 million cases of malaria were reported, and

more than 400,000 deaths occurred. Since 2010, emerging resistance to current front-line ACTs (Artemisinin

Combination Therapies) has been detected in endemic countries. Therefore, there is an urgency for new therapies

based on novel modes of action, able to relieve symptoms as fast as the artemisinins and/or block malaria

transmission. During the past few years, the antimalarial community has focused their efforts on phenotypic

screening as a pragmatic approach to identify new hits.

Quinazolindione series was identified as a very promising family with dual activity (both schizonticidal and

gametocytocidal) from our published phenotypic set of antimalarial hits (TCAMS). Initial weaknesses of the

series were modest in vitro and in vivo potency as well as poor pharmacokinetic profile (low oral bioavailability

and high clearance). After a Lead Optimisation program, GSK607 was identified having excellent in vitro and in
vivo potency as well a very good developability. In addition, PfATP4 pathway implicated in regulation of P.
falciparum sodium homeostasis was identified as the potential target. However, a key problem encountered

during the preclinical evaluation of GSK607 was its inconsistent PK profile across preclinical species (mouse,

rat and dog) which prevented reliable prediction of PK parameters in humans and precluded a well-founded

assessment of the potential for clinical development of the compound. Therefore, an open label microdose FTIH

study was conducted in order to assess the human pharmacokinetics of GSK607.

A detailed description of the Medicinal Chemistry identification and development of GSK607 as well as its

progression to a human microdose study will be provided in the talk.
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Human Immunodeficiency Virus (HIV) infection remains of major public health importance in

Europe as well as in the developing countries. Most of the commonly available drugs, although potent and

selective, experienced clinical failures and severe side effects. Alternative antiretroviral drugs and novel

therapeutic strategies are thus urgently needed to overcome the emergence of resistance to existing drugs.

The HIV-1 nucleocapsid (NC) protein is a nucleic acid chaperone playing a pivotal role in essential

steps of the viral life cycle and represents an excellent molecular target for drug development. Even if

different classes of molecules have been proposed as anti-NC agents, drug-candidates interfering with NC

functions are still missing in the therapeutic arsenal against HIV.

By searching for new NC inhibitors, we identified 2,6-dipeptidyl-anthraquinones as a promising

class of nucleic acid-binding compounds able to interfere with NC activities. Exploring the structure-activity

relationship of related series of 2,6-dipeptydil-anthraquinones differing in the aminoacyl linkers, we

identified the key structural requirements necessary for the development of potent in vitro NC inhibitors

and demonstrated their molecular mechanisms of NC inhibition. Seeking to increase the potency of this

class of compounds, we have explored the effects of chirality in the linker connecting the planar nucleus to

the basic side chains. We showed that the non-natural linker configuration imparted unexpected RNA

targeting properties to the 2,6-peptidyl-anthraquinones and significantly enhanced their NC inhibition in

vitro in the micro molar range.

The success in this particular research field motivated us to continue our research in this direction

and we recently proposed a new strategy to impair NC-mediated processes, consisting in the employment

of bis-3-chloropiperidines (BICEPS) as RNA cross-linking agents. Binding modes have been widely

investigated by electrospray ionization mass spectrometry (ESI-MS) analysis and we unambiguously

elucidated at the molecular level the reaction of BICEPS with RNA. BICEPS covalently bind to viral RNA

sequences substrates of NC protein and are able to freeze their tridimensional conformations, thus

impairing the NC protein activities in vitro.
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UNRAVELLING THE MYSTERIES OF THE SPHINX: NOVEL

TARGETS AND SMALL-MOLECULE THERAPEUTICS FROM THE

SPHINGOLIPID SYNTHESIS AND SIGNALING PATHWAY

Bernie Flynn

Monash Institute of Pharmaceutical Science, Monash University, 381 Royal Pde, Parkville, VIC, 3052

Sphingolipids were first identified over 140 years ago and were named after the mythological Sphinx in light of

their enigmatic nature. Much of this enigma still remains, for despite their intimate involvement in a range of

pathophysiological processes few effective drug agents have been identified. Our group is seeking to address this

through a novel approach to phenotypic drug discovery using focused libraries (Fig 1).

1

 By exploiting the

consensus SAR of different drug-like modulators of the various enzymes and receptors to which sphingolipids

bind we are generating a focussed library of non-lipid sphingolipid mimetics (NLSM). In-parallel screening of

this library in phenotypic assays and in available target assays is used to discover novel bioactives.

SAR-correlations between target and phenotypic effects are used to identify the responsible target(s). Lipidomic

analysis and cell signalling studies further confirm the target and/or can help identify other potential targets for

which we do not currently have an assay. This process has helped us identify new lead structures with anticancer

and antifibrotic activity, these include both selective and multi-targeting modulators of sphingolipid synthesis

and signaling.

Figure 1: Phenotypic drug discovery based on non-lipid sphingolipid mimetics
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Sphingosine 1-phosphate lyase (S1PL) catalyzes the irreversible retro-aldol reaction of S1P to 2-hexadecanal and

phosphoethanolamine, with that tightly controlling intracellular S1P concentrations. The S1P gradient between

various tissues promotes migration of T cells from secondary lymphoid organs into the lymphatic and blood

circulation and an invasion of pathogenic T cells into the CNS. Disturbing this gradient has been a successful

approach to treat Multiple Sclerosis with FTY720 (Gilenya) being approved by the FDA in 2010. FTY720 works

as a functional S1P-receptor antagonist. In theory an inhibitor of S1PL should lead to the same positive effect,

potentially with a different side effect profile. Earlier studies with inducible S1PL knockout mice looked

promising and the objective was to verify those findings with an S1PL inhibitor as pharmacological tool and to

establish an alternative treatment modality for MS. Functional inhibitors were known at the outset of our

program; however those compounds do not directly bind to S1PL. We have therefore decided to search for active

site inhibitors of S1PL. A High Throughput Screen with shortened human S1PL (1-61) yielded several hit

classes. Structural biology helped to guide medicinal chemistry and to explain SAR. One hit class (phthalazines)

looked particularly promising and here we describe the optimization of an early hit towards the first orally active

direct S1PL inhibitor with efficacy in an experimental animal model of Multiple Sclerosis. This tool compound,

together with the results from ko animals gave valuable insights not only to explore efficacy but also to

understand toxicology findings seen in compound treated and ko animals.
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CONTROLLING SPHINGOSINE-1-PHOSPHATE LEVELS AS A

THERAPEUTIC STRATEGY

Webster Santos
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Sphingosine 1-phosphate (S1P) is a pleiotropic signaling molecule that acts as a ligand for five G-protein

coupled receptors (S1P1-5) whose downstream effects are implicated in a variety of important pathologies. The

role of S1P in lymphocyte trafficking is firmly established; indeed, an S1P1 receptor agonist has been approved

by the FDA as an immunosuppressive therapy for multiple sclerosis. The synthesis of S1P is catalyzed by

sphingosine kinase (SphK) isoforms 1 and 2, and hence, inhibitors of this phosphorylation step are pivotal in

understanding the physiological functions of SphKs. In this presentation, we will discuss the development of in

vivo probes to understand S1P-sphingosine kinase relationship function. Our studies demonstrate that SphK1

and 2 selective inhibitors decrease S1P levels in cultured cells. However, in vivo administration of SphK1

inhibitor depressed blood S1P levels while SphK2 inhibitor increased levels of S1P. The increased accumulation

of S1P in the blood of SphK2 inhibitor treated mice appears to result from decreased clearance of S1P from

blood; thus, SphK2 has a function beyond simply generating S1P in cells. Taken together, these compounds

provide an in vivo chemical toolkit to interrogate the effect of increasing or decreasing S1P levels, and whether

such a maneuver can have implications in disease states.
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CYCLIC DINUCLEOTIDE STING AGONISTS AS ANTI-TUMOR

AGENTS

B. Wesley Trotter
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Pharmacological activation of innate immune, danger-sensing pathways has recently emerged as a promising

strategy for enhancing cancer immunotherapy. In particular, agonists of the Stimulator of Interferon Genes

(STING) protein have demonstrated robust efficacy in syngeneic mouse tumor models via apparent generation of

innate and adaptive anti-tumor immune responses as well as tumor-specific immune memory. The identification

of an endogenous cyclic dinucleotide (CDN) agonist of human STING, 2’,3’-cGAMP, has spurred interest in

discovery of novel CDNs suitable for clinical investigation in cancer patients.

This presentation will detail efforts at MSD to elucidate structure-activity relationships in a synthetically

complex cyclic dinucleotide structural class. Optimization of total synthesis routes to novel CDNs along with

implementation of new synthetic strategies has enabled a survey of previously unexplored CDN scaffold

modifications. Computational and biostructural methods have been applied to influence design of novel STING

agonists. This work has resulted in the invention of a variety of potent, selective STING agonists. 

Characterization of select molecules in mouse tumor models will be presented, including evidence of impressive

anti-tumor effects in both single-agent treatment and combination treatment with an anti-PD1 antibody. In

addition, we have demonstrated evidence for induction of anti-tumor immune memory in mouse models and

have generated translational data in human tumor samples supporting advancement of STING agonists to the

clinic.
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DISCOVERY OF JNJ-64619178 AS A POTENT AND SELECTIVE

PRMT5 INHIBITOR FOR THE TREATMENT OF LUNG AND

HEMATOLOGIC CANCERS

Jan Willem Thuring (1), Tongfei Wu (1), Dirk Brehmer (2), Weimei Sun (1), Vineet Pande (1), Geert

Mannens (1), Petra Vinken (1), Lijs Beke (2), Didier Berthelot (1), Lieven Meerpoel (1), Marcel Viellevoye

(1), Gaston Diels (1), Wim Schepens (1), Brian Shook (1), Edward C. Lawson (1), An Boeckx (2), Marc

Parade (2), Tinne Verhulst (2), Hillary Millar (2), Ron Gilissen (1), Erika van Heerden (2), Sylvestre

Dossou (1), Carol Yanovich (1), James P. Edwards (1), Matthew Lorenzi (2), Sylvie Laquerre (2)

1) Discovery Sciences, Janssen Pharmaceutica Research & Development
2) Oncology Lung Disease Area Stronghold Drug Discovery, Janssen Pharmaceutica Research & Development

Protein arginine methyltransferase 5 (PRMT5) is an enzyme that can symmetrically di-methylate the guanidium

moiety of arginine residues in histones and non-histone proteins by using S-adenosyl methionine (SAM) as the

methyl donor. In complex with methylosome protein 50 (MEP50), PRMT5 regulates a plethora of cellular

processes, such as epigenetics and splicing. Over-expression of PRMT5-MEP50 has been implicated in lung and

hematologic cancers as well as in other diseases.

1

In 2017, we reported JNJ-64619178 as a potent and selective PRMT5 inhibitor and a candidate for clinical

development.  We herein report some of the medicinal chemistry concepts that led to the discovery of

JNJ-64619178.

2

To find inhibitors of the catalytic function of PRMT5 and related methyl transferases, we designed an

exploratory library of SAM analogues as potential starting points for drug discovery efforts. From screening this

library against PRMT5, compound 1 emerged as a selective and tractable SAM-competitive hit, which also

inhibited the symmetric dimethylation of arginine in cells. However, this molecule and closely related analogues

demonstrated poor oral bioavailability in rodents. Guided by X-ray crystallography, we designed new inhibitors

to improve the enzymatic & cellular activity while also tuning the physicochemical properties to optimize for

oral delivery.  These efforts resulted in the discovery of JNJ-64619178, an orally bioavailable PRMT5 inhibitor

that demonstrates robust tumor regression in a human small cell lung cancer mouse xenograft model.
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ADP-RIBOSE, A CA2+-MOBILIZING SECOND MESSENGER,

TOWARD IDENTIFICATION OF THE TARGET PROTEIN
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Cyclic ADP-ribose (cADPR) is a chemically and biologically unstable Ca

2+

-signaling mediator in with the

characteristic 18-membered ring consisting of an adenine, two riboses and a pyrophosphate. We have worked on

medicinal chemical study of cyclic ADP-ribose (cADPR) to develop stable agonists of cADPR, stable

antagonists of cADPR, and biological probes for the identification of the proteins binding to cADPR. We have

developed cADP-carbocyclic-ribose (cADPcR) and -4-thioribose (cADPtR) as satable equivalents of cADPR,

1,2

which, due to the stability, can be useful prototypes to design bilogical tools for investigating the cADPR-related

signaling pathways. Using cADPcR as a prototype, N

3

-cADPcR was developed as an effective precursor for

synthesizing biological tools. I will present our recent results on cADPR-related studies.

3,4
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Sialyltransferases (STs) catalyse the synthesis of sialylated glycoconjugates involved in cell-cell interactions.

Overexpression of STs is observed in many different types of cancers and is thought to promote metastasis

through altered sialylation patterns of the cell. A wide range of ST inhibitors have been developed based on the

natural donor, CMP-Neu5Ac, as potential new antimetastatic agents

[1]

. To improve selectivity, pharmacokinetic

properties and overall ease of synthesis of these inhibitors, we have investigated the replacement of the charged

phosphodiester linker present in many ST inhibitors with a neutral isostere such as a carbamate or triazole, in a

combined computational and experimental study.

Molecular docking, molecular dynamics simulations and binding free energy calculations have been undertaken

with the human ST6Gal I crystal structure. These calculations have indicated that compounds containing either

carbamate or triazole linkers can potentially bind to human ST6Gal I comparable to their phosphodiester-linked

counterparts, suggesting that these linkers are suitable neutral isosteres

[2,3]

. These findings are surprising as the

phosphodiester linker was previously believed to be important for binding. Further analyses has indicated that

there is a strong enthalpy-entropy compensation contributing to these findings

[4]

. The synthetic component of

this study, includes the preparation of required α-hydroxyphosphonate (αHP), alkyne and nucleoside synthons

along with the successful coupling of these to generate the target compounds. Carbamate-linked targets were

prepared by coupling αHP and nucleoside fragments using 4-nitrophenylchloroformate, while triazole-linked

compounds were prepared from alkyne and nucleoside fragments using “click” chemistry. Overall this work has

provided rationale for the replacement of the charged phosphodiester linker as well as readily scaleable synthetic

pathways to access our target compounds. This facilitates further biological investigation of carbamate and

triazole-linked ST inhibitors as potential new anti-metastatic agents.
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The proteasome is an intracellular protease that represents a vital part of the ubiquitin-proteasome system. It

degrades many proteins and has critical functions in several biological processes. The constitutive isoform (cCP)

of the proteasome is expressed in all eukaryotic cells while its immunomodulatory isoform, the

immunoproteasome (iCP) is mainly expressed in cells associated with the immune system. Notably, the

expression of the iCP can be induced in non-immune tissues by pro-inflammatory cytokines. Dysregulation of

the proteasomes is known to lead to the development of diverse diseases, such as malignancies, autoimmune and

inflammatory diseases. The research shows that selective inhibition of the iCP has great potential as a novel

approach for the treatment of inflammatory diseases and a wide range of autoimmune disorders [1]. So far, the

known inhibitors of the iCP encompass mostly compounds of peptidic type that are prone to poor metabolic

stability and low bioavailability [2].

In our research, we are focusing on the identification and development of non-peptidic compounds of both

non-covalent and covalent nature that selectively inhibit the chymotrypsin-like (β5i) subunit of the iCP.

Molecules of this type have several advantages; besides better stability it is also possible to cover greater

chemical and property space, providing more medicinal chemistry options during their optimization. As our

initial approach to develop non-peptidic inhibitors, we used virtual-screening and subsequent chemical

optimization. Biochemical evaluation of reversibly and irreversibly acting compounds showed that these

non-peptidic molecules selectively block the β5i subunit of the human iCP on cell lysates and on intact cells [3].

Our current efforts are devoted to further improvements of the described non-peptidic inhibitors of the iCP by

using scaffold morphing and scaffold hopping approaches, as well as to discovering new non-peptidic scaffolds

and electrophilic warheads via screening of libraries of both non-covalent fragments and electrophilic warheads.
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TOLL-LIKE RECEPTORS
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Protein-protein and protein−nucleic acid interfaces have been regarded as “undruggable” despite their

importance in many biological processes. The toll-like receptors (TLRs) provide exciting targets for a number of

autoimmune diseases, infectious diseases, pain management, and cancers. Using multidisciplinary approaches,

we have successfully developed novel exogenous small molecule probes that were shown to be competitive

inhibitors or activators of various TLRs with high affinity and specificity. Some of the lead compounds are

currently in the pipeline for further drug discovery.
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Non-alcoholic steatohepatitis (NASH) arising from western diet and lifestyle evolves as serious health burden

with alarming incidence.

[1]

 Characterized by accumulation of fat in liver subsequently causing inflammation and

fibrosis, NASH is strongly associated with the metabolic syndrome.

[1]

 Although its high prevalence elicited

intensive research for novel treatment options, there is still no satisfying therapy.

[2]

 Several potential targets were

identified for NASH treatment and promising clinical data has been reported for the farnesoid X receptor (FXR)

agonist obeticholic acid.

[3]

 The nuclear receptor FXR acts as cellular bile acid sensor whose activation amongst

many other beneficial metabolic effects reduces liver fat content and fibrosis.

[4]

 Moreover, inhibition of soluble

epoxide hydrolase (sEH)

[5,6]

 proved effective in treating NASH in vivo. As enzyme of the arachidonic acid

cascade located in the CYP pathway, sEH degrades anti-inflammatory epoxyeicosatrienoic acids (EETs) to

dihydroxyeicosatrienoic acids (DHETs) and is highly expressed in liver. Its inhibition hindering EET

degradation causes anti-inflammatory effects.

[6]

 Considering the multifactorial nature of NASH involving

metabolic dysbalance and inflammatory processes, modulation of multiple targets might provide superior

therapeutic efficacy and combining anti-steatotic/-fibrotic FXR activation with anti-inflammatory inhibition of

sEH promises synergistic activity.

To exploit the concept of dual FXR/sEH modulation for NASH treatment, we have developed dual agents

comprising FXR agonistic and sEH inhibitory potency. Initially, we merged known pharmacophores

]7,8]

 for both

targets to generate a lead exhibiting moderate FXR activation and sEH inhibition. Systematic exploration of the

compound class’ structure-activity relationship (SAR) on both targets allowed optimizing the dual potency on

FXR and sEH to low nanomolar values. Using all gathered SAR information, we finally designed a dual

modulator with well-balanced single-digit nanomolar potency on both targets.

[9]

Extensive in vitro evaluation of the dual modulator revealed marked FXR target gene induction accompanied by

robust inhibition of sEH activity in hepatocytes. The compound turned out non-toxic and extraordinarily

selective amongst nuclear receptors as well as the membrane bile acid receptor TGR5. Moreover, compared to

FXR agonists and sEH inhibitors alone, the dual modulator possessed superior anti-inflammatory activity. A

pilot in vivo study confirmed this encouraging data with a favorable pharmacokinetic profile and engagement on

both targets in vivo. In animal disease models of NASH, the dual modulator exhibited therapeutic efficacy by

preventing hepatic fat accumulation and liver fibrosis with improved NAFLD activity score and a liver histology

indistinguishable from healthy mice.

In summary, we have developed a first-in-class dual FXR agonist/sEH inhibitor with high potency and favorable

in vitro profile as well as therapeutic efficacy in vivo. IND enabling studies are ongoing and our results

encourage further exploration of dual FXR/sEH targeting for NASH treatment.
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SPPL2a, Signal peptide peptidase-like 2a, a recently discovered

1

 aspartyl protease has been shown to play an

important role in the development and function of antigen presenting cells such as B lymphocytes and dendritic

cells.

2

 This enzyme is related to presenilin, the catalytic subunit of the γ-secretase complex. γ-Secretase inhibitor

LY-411,575 could be identified as a potent while unselective SPPL2a inhibitor with poor oral exposure in

rodents which served as a starting point for further optimization. Since γ-secretase is involved in processing of

Notch-1 leading to serious side effects such as severe intestinal toxicity or development of skin cancer, a main

goal of our chemistry efforts was to gain selectivity against γ‑secretase/Notch processing. Subsequent

optimization of the pharmacokinetic parameters led to discovery of the first, potent, selective and orally

bioavailable SPPL2a inhibitor SPL-707.

3

SPL-707 significantly inhibits processing of the endogenous SPPL2a substrate (CD74/p8 fragment) in rodents at

≤10 mg/kg bid po. Oral dosing (11 days at ≥10 mg/kg bid) of SPL-707in mice recapitulated the phenotype seen

in Sppl2a-deficient mice (reduced number of specific B cells and myeloid dendritic cells). These results show

that selectivity within the family of intramembrane cleaving aspartyl proteases can be achieved and SPPL2a is an

interesting novel pharmacological target with a potential for treatment of antigen driven autoimmune diseases.
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Gaucher's disease is the most common lysosomal storage disease, and is caused by a recessively inherited

deficiency in β-glucocerebrosidase (GCase), which leads to accumulation of toxic lipid substrates. More

recently, GCase mutations were also found as a major risk factor for Parkinson’s disease and dementia with

Lewy bodies. The accumulation in neurons of glucosylceramide, the substrate of GCase, promotes the formation

of α-synuclein oligomers, which are considered toxic in Parkinson’s disease. Previous work by others and us has

shown that α-synuclein aggregation can be induced by reduction of GCase activity in cells or animal models.

Many GCase mutations have been identified, which result in single amino acid substitutions of the enzyme. Most

of these mutations, including the prevalent Gaucher N370S mutation, result in the enzyme still functional,

although with very low residual GCase activity as a result of enzyme misfolding and proteasome-mediated

breakdown. The most common successful treatment for Gaucher’s disease is enzyme replacement therapy, by

which wild-type GCase is infused into the patient every two weeks.

An emerging therapeutic approach involves the restoration of proper folding and lysosome delivery of

degradation-prone mutant GCase using small molecules as pharmacological chaperones. This approach could be

more effective if the chaperones also activated the enzyme, which might restore its lysosomal activity. In this

lecture, I will discuss our development of two classes of activators of GCase, which stabilize wild-type and

N370S mutant GCase, and increase its abundance and activity in patient-derived fibroblast cells and in media at

the low pH of lysosomes. We also identified a family of potent inhibitors of GCase, which we were able to

convert to activators by structural modification. In order to identify the GCase binding pocket of these activators,

we developed a covalent modification strategy for attachment to various lysine residues, and obtained the crystal

structure, which allowed us to identify the allosteric binding pocket. Covalent modification of GCase induced

dimerization in one class of compounds, which was observed by native mass spectrometry, its crystal structure,

size-exclusion chromatography with multi-angle light scattering detection, and negative staining transmission

electron microscopy. The other class of compounds gave single lysine modification without dimerization. Upon

covalent modification we observed enhanced activation of GCase that was more stable than wild-type enzyme at

pH of lysosomes, and was taken up in patient-derived fibroblast cells better than wild-type enzyme. Covalently

modified GCase has the potential to be utilized as an improved enzyme replacement therapy.
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POSITIVE ALLOSTERIC MODULATORS OF THE GABA-B

RECEPTOR
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γ-Aminobutyric acid (GABA) is the major inhibitory neurotransmitter in the brain and binds to several receptor

subtypes, including the GABA

B

 receptor. GABA

B

 receptors are involved in many physiological processes,

because they play important roles in neuronal excitability and synaptic neurotransmission.

The GABA

B

 receptor agonist baclofen has been known for more than 40 years to reduce muscle rigidity and

spasm. In the past two decades, evidence has been accumulating than modulation of GABA

B

 receptor plays a

role in addiction, anxiety, pain, migraine, gastro-esophageal reflux disease and overactive bladder.

GABA

B

 receptor positive allosteric modulators (PAMs) have been investigated as potential therapeutics based

on the rationale that because receptor activation by PAMs does not produce GABA

B

 receptor desensitization,

tolerance should be reduced, compared to a full agonist.

This presentation will chart the medicinal chemistry development of the field of GABA

B

 PAMs and provide a

case study of such a program conducted at AbbVie which identified two series - pyrazolo pyrimidines and

isoxazolo pyridazinenones – which were suitable for lead optimization.
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DOPAMINE RECEPTORS
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The G protein-coupled receptor (GPCR) superfamily is the largest group of plasma membrane receptors.

According to recent estimates, around 350 GPCRs are of potential interest to treat many major diseases

including CNS and inflammatory conditions. These receptors can be modulated via small molecules acting at the

well-conserved orthosteric site or, more interestingly, interacting at an allosteric site. Targeting allosteric sites

brings interesting alternative strategies to develop more efficacious and selective therapies. However, allosteric

sites are generally less well conserved and therefore little is known around their mode of action.

In the absence of a crystal structure, elucidation of allosteric binding sites of GPCRs has proven very

challenging, generally requiring extensive site-directed mutagenesis studies. We propose an alternative approach

using two orthogonal techniques: Hydrogen-Deuterium Exchange MS (HDX-MS), to probe the allosteric

binding site, and ‘informed’ site directed mutagenesis studies. This combined methodology has been successfully

used to confirm the binding site of positive allosteric modulators of the D1 receptor.
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Positive allosteric modulators (PAMs) of AMPA receptors (one of types of ionotropic glutamate receptors) have

a significant influence on learning and memory consolidation. It is also shown in experiments that the ion

currents caused by such modulators and further postsynaptic membrane depolarization launch the mechanism of

gene expression responsible for the synthesis of NGF (nerve growth factor) and BDNF (brain-derived

neurotrophic factor). Thus the drugs having this mechanism of action could be efficient for the treatment of

neurodegenerative diseases.

In this report the techniques are considered for computer-aided design of AMPA receptor modulators based on

new scaffolds as well as the approaches to their synthesis and the results of physiological activity studies. The

molecular dynamics simulations for a series of AMPA receptor PAMs bound on the interface between two

glutamate-binding domains have demonstrated a good correlation of the MM-GBSA and MM-PBSA binding

energies with the experimental pEC

50

 values. The Molecular Field Topology Analysis (MFTA) QSAR method

developed by us was quite helpful in the modeling of ligand selectivity and multi-target activity in terms of local

properties such as the atomic charges, group van der Waals radii, and local lipophilicity. In addition, the 3D

QSAR and pharmacophore models of the AMPA receptor PAMs have been constructed. The virtual screening of

large compound libraries using the above mentioned models as the filters as well as the de novo design of the

structures fitting the PAM binding site and based on new scaffolds allowed us to find a series of novel highly

potent positive allosteric modulators of AMPA receptors. Several compounds are on the final stages of

preclinical studies. The modulators found have a unique combination of properties including picomolar activity

and very low toxicity.

This work was supported by the Russian Science Foundation (grant No. 17-15-01455).
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PET MOLECULAR IMAGING - AN OVERVIEW
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Positron Emission Tomography (PET) has become a powerful tool for decision making in mordern therapeutic

R&D.

The technique allows the regional tissue pharmcokinetics of tracer doses of labelled compounds to be followed

and quantified in the living human body.

The technique can be used to answer questions such as:

1) What is the biodistribution of a labelled drug candidate in humans e.g. brain concentration, tumour

concentration

2) What is the drug-target engagement (e.g. % target tissue receptor occupancy) for a given dose of drug

3) What is the half-life of drug-target engagement

4) what are the early downstram phamacodynamic responses of  drug action (e.g. second messenger response,

rate of proein synthesis, glucose metabolism).

PET relies on the synthesis of molecules labelled with cyclotron-produced positron-emitting radionuclides, such

as Carbon-11, Fluorine-18 and Zirconium-89. An overview of the PET technique will be given in addition to

examples of how this can be used for enhancing decision making in a drug discovery and development setting. 
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Because of the invaluable information provided by translational molecular imaging, Positron Emmision

Tomography (PET) is today an integrated part of neuroscience drug discovery and development. This talk will

focus on the three major applications of PET in drug discovery and development, namely: i) PET microdosing
studies - in which radiolabeled drug candidates are traced in vivo to quantify drug exposure in the target organ of

interest, ii) target occupancy studies - that aim to establish relationships between drug exposure in plasma and

target occupancy in the organ of interest, and iii) biomarker studies, in which an imaging biomarker of disease

pathology is used for patient segmentation and to evaluate treatment efficacy. Examples from all three

applications will be presented, together with the major challenges associated with each application.
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PET FOR ONCOLOGY DRUG DISCOVERY AND DEVELOPMENT
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Positron Emission Tomography (PET) with 2-[

18

F]fluoro-deoxyglucose([

18

F]FDG) has become routine practice

in modern oncology diagnosis and treatment monitoring and has shown its high clinical value. However, also

drawbacks of [

18

F]FDG have become apparent. While [

18

F]FDG has a broad spectrum of applications, the need

for more specific PET tracers is growing, particularly in relation to drug development and clinical care. Modern

drugs in oncology act at very specific targets, e.g. an antigen presented on tumor cell membrane surface or at

kinases that harbor a defined mutation. As a result less side effects are observed with these so-called targeted

drugs. However, the target of the drug is often not present in all patients. This creates difficulties in phase II/III

clinical trials in which randomized double blind trials are the gold standard. If  only a sub-population of the

subjects in the clinical trial have the required target, these type of studies are destined to fail since the clinical

outcome is measured over the whole group.

To assess the clinical effect of targeted drugs pre-selection of eligible patients should be applied. This requires a

technique that is capable of identifying those patients that have tumors expressing the target. This could be

achieved by immunohistochemistry on tissue biopsies. While this technique can be executed at low cost, its main

drawback is that it is not representative for the whole tumor from where the biopsy is taken, since tumors are

heterogeneous and a false negative outcome could occur. Moreover, metastases are often not biopsied and could

show large biochemical differences compared to the primary tumor and some tumors cannot be biopsied due to

their location

PET would provide the means for whole body assessment of the expression of the target of interest, at the

primary tumor as well as metastases. It can give information about: i) uptake in critical healthy organs to

anticipate toxicity; ii) the interpatient variation in pharmacokinetics and tumor targeting and iii) the mechanism

of action of the drug.

1,2

  This would require a PET tracer that binds to the target and to meet this demand,

various tracers have been developed in recent years and applied successfully in clinical research. A selection of

these will be discussed in this contribution. Focus will be on radiosynthesis and application tyrosine kinase

inhibitors

3,4

, 

89

Zr labeled monoclonal antibodies and a case study with [

11

C]docetaxel

5

.
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TAR DNA-binding protein-43 (TDP-43) was identified more than a decade ago as the main component of

ubiquitin-positive cytoplasmic inclusions present in neurodegenerative disorders such as amyotrophic lateral

sclerosis (ALS) and frontotemporal dementia (FTD)

 1

. However, the mechanism leading to loss of normal

nuclear localization and cytoplasmic TDP-43 aggregation remains unclear. The lack of tools for accurate

diagnosis and monitoring of disease progression have impeded the research and development of therapeutics for

TDP-43 proteinopathies. Therefore, direct detection of pathological TDP-43 aggregates in patients with positron

emission tomography (PET) imaging agents holds promise for disease early diagnosis and staging.

Our strategy is based on screening AC Immune’s proprietary Morphomer

TM

 library by direct staining on

post-mortem brain tissue from ALS and FTD patients, to directly prove target engagement. The confirmed hits

are characterized for physico-chemical properties, ADME properties as well as selectivity over amyloid-beta and

tau aggregates. In a subsequent step, compounds are tritium (

3

H) labelled for affinity measurement by

radiobinding assay. Molecules with favourable properties for CNS penetration were also profiled in in vivo
pharmacokinetic studies in rodents. Further optimization by iterative design has allowed us to identify a set of

small molecules that specifically bind to pathological TDP-43 and display suitable properties for further

development as PET ligands.
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The GPCR Bradykinin B1 receptor (BDKRB1) is only marginally expressed under pathogen-free conditions and

is highly up-regulated during chronic inflammation. Together with its endogenous ligands, is instrumental in the

maintenance of inflammation. Activation of the B1 receptor induces pain, is profibrotic, proinflammatory and

antagonists exhibit highly efficacious pain relief and suppression of inflammation in multiple animal models.

This robust efficacy is derived from a unique dual mechanism of action involving modulation of inflammation

and pain both on a local and neuronal level. The B1 receptor offers an attractive profile for treatment

inflammation related conditions and a low adverse effect risk is expected due to the lack of a physiological role

of the target in pathogen-free conditions.

BAY-840 was identified as a highly potent, competitive human B1 receptor antagonist. We report on the

identification of the lead structure from high-throughput screening, establishment of structure-activity

relationships and DMPK optimization. The discovery of BAY-840 is a result of a successful strategic alliance

between Bayer AG Pharmaceuticals and Evotec AG. The structure as well as the pharmacological and

pharmacokinetic profile of the compound will be disclosed. BAY-840 is currently in preclinical development.
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The phosphatidylinositol 3‑kinase (PI3K) signaling pathway is a major regulator of tumor cell growth,

proliferation and survival. Dysregulation of the PI3K/Akt/mTOR signaling pathway through multiple

mechanisms has been described in solid tumor malignancies, including activating and transforming “hotspot”

mutations of PIK3CA that encodes the p110 alpha subunit of PI3K. Hotspot mutations of PIK3CA, in particular

the kinase domain mutation H1047R, are highly prevalent in breast cancer. Herein we describe the optimisation

of a series of novel benzoxazepin-oxazolidinone inhibitors of PI3K-alpha. Structure-based design was utilised to

enhance isoform-specific interactions within the binding site, leading to potent inhibitors of PI3K-alpha with

greater than 300-fold selectivity over the other Class I PI3K isoforms, PI3K-beta, -delta, and -gamma. Further

optimisation of pharmacokinetic properties, including the use of physicochemical property models, led to the

discovery of GDC-0077. In addition to ATP competitive inhibition, GDC-0077 induces the selective degradation

of the mutant PI3K-alpha protein in a proteasome dependent fashion, resulting in the reduction of PI3K pathway

biomarkers. In vivo, daily oral treatment with GDC-0077 induces tumor regressions in PIK3CA mutant breast

cancer xenograft models. These results support the continued evaluation of GDC-0077, which has entered Phase

I development, as a treatment for patients with PIK3CA-mutant cancer.
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Chronic hepatits B virus (HBV) infection is a highly unmet medical need with 250 million chronic carriers

worldwide. 15-40% of HBV chronic carriers will eventually develop clinical diseases, such as hepatitis, liver

cirrhosis, and hepatocellular carcinoma (HCC). The end stage of liver diseases caused by HBV infection claim

the lives of approximately 700,000 patients annually. Unfortunately, the current standard of care cannot cure

majority of the HBV patients.  As such, multi-pronged therapeutic approaches have been attempted to increase

the functional cure rate.

In this presentation, two anti-HBV drug discovery programs with distinct medicinal chemistry approaches will

be introduced. In the first case, chemical and structural biology studies facilitated the understanding of the

binding mode of HBV capsid inhibitors, which enabled medicinal chemists to precisely design molecules with

improved properties while maintaining binding affinity.  Ultimately, a novel clinical compound was obtained

with a significantly improved target compound profile versus previously described molecules of the same

structural scaffold.  In the second example, an innovative phenotypic screening was utilized to successfully

identify viral expression inhibitors that reduce the production of HBV surface antigen (HBsAg) from infected

hepatocytes, which culminates in the discovery of a first-in-class clinical compound.  Lessons regarding the

advantages and challenges of phenotypic screening will be shared.
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Cyclin-dependent kinase 9 (CDK9) is a serine/threonine kinase that regulates elongation of transcription through

phosphorylation of RNA polymerase II at serine 2 (p-Ser2-RNAPII). Transient inhibition of CDK9 results in

reduced protein levels for genes that have short half-lives of transcripts and proteins, thus presenting a potential

therapeutic opportunity in tumors dependent upon oncogenes fitting such criteria. One example is Mcl-1, an

anti-apoptotic protein that plays a key role in cancer cell survival.

A potent and selective CDK9 inhibitor having appropriate physical properties and pharmacokinetics (intravenous

administration and short t

1/2

) would enable short yet tuneable target engagement, allowing high flexibility in

order to optimize the efficacy / tolerability balance in the clinic. We previously reported the identification of

AZ5576 from an amidopyridine series, as a potent, highly selective and orally bioavailable preclinical inhibitor

of CDK9.

Here we report further optimization of this series with a focus on pharmacokinetic and physicochemical

properties suitable for an intravenous agent with short target engagement. We discuss the Structure Activity

Relationships (SAR) and Structure Property Relationships (SPR) in this series, specifically increasing human

metabolic clearance (in order to achieve short half-life) and solubility whilst improving potency. This work led

to the identification of AZD4573, a potent inhibitor of CDK9 (IC

50

 of < 0.004 μM) with fast-off binding kinetics

(t

1/2

 16 min) and high selectivity versus other kinases, including other CDK family kinases. AZD4573 exhibits a

short half-life in multiple preclinical species (less than one hour in rat, dog and monkey) and good solubility for

intravenous administration. Short-term treatment with AZD4573 led to a rapid dose- and time-dependent

decrease in cellular pSer2-RNAPII, resulting in activation of caspase 3 and cell apoptosis in a broad range of

haematological cancer cell lines (e.g. caspase activation EC

50

 0.0137 μM in an acute myeloid leukemia model

MV4-11). Correspondingly, in vivo efficacy was demonstrated in xenograft models derived from multiple

haematological tumours (e.g. regression at 15 mg/kg twice weekly in MV4-11 xenografts). These results support

AZD4573 as a clinical candidate for the treatment of haematological malignancies. This presentation will

represent the first full disclosure of the different Medicinal Chemistry strategies used in the discovery of

AZD4573.
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THE DISCOVERY OF CNP520, AN AMINO-1,4-OXAZINE BACE

INHIBITOR IN PREVENTION STUDIES

Rainer Machauer

Novartis Pharma AG, Novartis Institute for Biomedical Research, 4002-Basel, Switzerland

The pathological features of Alzheimer’s disease (AD), amyloid plaques and fibrillary tangles are well

characterized and the major components of the plaques identified as β-amyloid peptides (Aβ). It is widely

accepted that the monomers or oligomers of Aβ are neurotoxic and initiate the cascade of events leading to

neuronal degeneration. Aβ is generated from the β-amyloid precursor protein (APP) by the sequential proteolytic

action of the β- and γ-secretase enzymes. Inhibition of the membrane-bound aspartyl protease β-secretase (or

BACE-1, β-site amyloid precursor protein cleaving enzyme) is widely considered one of the most promising

therapeutic approaches for AD. We hypothesized that such a BACE-1 inhibitor treatment needs to start before

the onset of significant neurodegeneration, before or at early stage of Aβ deposition. Such a prevention treatment

requires a compound with excellent safety and tolerability.

We present results of our small molecule efforts on BACE-1 inhibition, leading to CNP520. In particular, we

addressed potency, brain penetration, selectivity, and metabolism challenges and designed CNP520 to meet the

requirements for preventive treatment. Non-clinical pharmacokinetic and pharmacodynamic as well as safety

data supported the clinical investigation of CNP520. Early clinical results including CNP520 safety, tolerability,

and dose-dependent CSF Aβ reduction will be discussed.

Clinical Phase II/III studies are ongoing in a cognitively healthy population of enhanced risk to develop

symptoms of AD, testing the concept of prevention treatment in AD (Generation Study 1 and Generation Study

2).
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C-NATRUIRETIC PEPTIDE AGONISTS FOR CARDIOVASCULAR

DISEASE

David Selwood (1), Samuel Myers (1), Dan Conole (1), Cristina Pérez-Ternero (2), Adrian Hobbs (2)

1) The Wolfson Institute for Biomedical Research, Division of Medicine, University College London. UK
2) William Harvey Research Institute, Barts and The London School of Medicine and Dentistry, Queen Mary University of

London, London, UK

Cardiovascular disease is the leading cause of morbidity and mortality in the western world (17.7 million deaths

per annum, World Health Organisation). Modern lifestyles, a combination of poor diet, lack of exercise, tobacco,

and alcohol are thought to contribute to a rapid increase in numbers of people with cardiovascular disease and

other conditions such as diabetes. Current treatments such as statins may reduce cardiovascular risk and the

tissue damage caused by acute cardiovascular events but while the treatment of myocardial infarction is

effective, heart failure remains a considerable problem. Heart failure, a loss of the heart’s ability to pump

efficiently, afflicts at least 40 million people worldwide and treatments are inadequate.

We have discovered an anti-atherogenic and anti-thrombotic signalling pathway in the cardiovascular system

controlled by the C-type natriuretic peptide (CNP). This 22 mer cyclic peptide binds to the natriuretic peptide

receptor-C (NPRC) on the cell surface and initiates signalling through a Gialpha protein-adenylate cyclase

mediated mechanism. We have found this system to be pivotal in the regulation of vascular tone, endothelial and

smooth muscle proliferation, and in the activation of leukocytes and platelets. In model studies, we have found

that activation of the system can protect against atheroma and MI. CNP signalling through NPRC is also

responsible for the cytoprotective effect of CNP.

This lecture will describe our programme leading to the identification of small molecule activators of the NPRC

receptor, a challenging target for small molecule modulation. The detailed medicinal chemistry will be

described. Biophysical assay development was key in being able to characterise the interaction of the molecules

with this transmembrane spanning receptor. Surface plasmon resonance (Biacore),fluorescence polarization and

thermal shift data will be shown together with the assessment of the molecules in functional (blood vessel)

assays.

Funding: This work was funded by a translational award from the British Heart Foundation (TG/15/3/31692),

Wellcome Trust grants  (084449/Z/07/Z and 078496/Z/05/Z) and UCL Business PLC (PoC-12-007).
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THE DISCOVERY OF SEMAGLUTIDE - A JOURNEY FROM ALA

SCAN TO STRUCTURAL DESIGN OF GLP-1 ANALOGUES

Jesper Lau

Global Research Technologies,, Novo Nordisk A/S, 2760 Maaloev, Denmark

Since the early clinical findings of using glucagon like peptide-1 (GLP-1) to regulate blood glucose levels in the

late 80´s there has been an increasing interest to discover and develop GLP-1 receptor agonists for treatment of

type 2 diabetes. The increased non-clinical and clinical understanding of the mechanism of action of GLP-1 and

the parallel technical development have now brought the scientific community to a very high level of

understanding  with structural insight of the interaction of peptides and small molecules with GPCR class B

receptors. The discovery and development of semaglutide is a fantastic example on how technology and biologic

understanding have developed in parallel ending with a superior peptide for treatment of diabetes.
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DISCOVERY AND OPTIMIZATION OF NON-COVALENT,

SELECTIVE, AND BIOAVAILABLE SMALL MOLECULE

INHIBITORS OF THE KEAP1-NRF2 PATHWAY

Hauke Szillat, Angela Dudda, Christian K. Engel, Heiner Glombik, Stefan Güssregen, Aimo Kannt, Peter

Monecke, Sven Ruf, Dieter Schmoll

Sanofi R&D, Industriepark Höchst, D-65926 Frankfurt, Germany

The KEAP1 - Nrf2 signaling pathway is a promising target in type 2 diabetes and other disease areas [1]. Our

discovery and optimization of three novel non-covalent chemical series represented by compounds RA839,

RA904, and RA312, will be presented. 

Starting from high-throughput screening two hits were identified and optimized by systematic exploration of the

structure-property relationships using structure-based design accompanied by transfer of information between

series. RA904 and RA312 differentiate themselves from known Keap1-Nrf2 inhibitors in combining high

potency, selectivity, and oral bioavailability with Nrf2-related antioxidative effects in cellular assays and target

engagement in in vivo studies. These novel Keap1-Nrf2 inhibitors are attractive tool compounds to elucidate

further the therapeutic potential of the inhibition of the protein-protein interaction (PPI) between Keap1 and

Nrf2.
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DISCOVERY AND CLINICAL EVALUATION OF MK-8150, A NOVEL

NITRIC OXIDE DONOR WITH A UNIQUE MECHANISM OF NITRIC

OXIDE RELEASE

Amjad Ali (1), Michael M.C. Lo (1), Brent Whitehead (1), Timothy Henderson (1), Lin Yan (1), Pei Huo

(1), Doris Cully (2), Kaushik Mitra (3), Ying Li (3), R. Scott Hoerrner (4), Mark Weisel (4), Yong-Li

Zhong (4), Liming Yang (5), Shu-Yu Sun (5)

1) Department of Discovery Chemistry, Merck Research Laboratories, 2000 Galloping Hill Rd., Kenilworth, NJ 07033
2) Department of Hypertension, Merck Research Laboratories, 2000 Galloping Hill Rd., Kenilworth, NJ 07033

3) Department of Drug Metabolism & Pharmacokinetics, Merck Research Laboratories, 2000 Galloping Hill Rd.,
Kenilworth, NJ 07033

4) Department of Process Chemistry, Merck Research Laboratories, 2000 Galloping Hill Rd., Kenilworth, NJ 07033
5) Department of In vivo Pharmacology, Merck Research Laboratories, 2000 Galloping Hill Rd., Kenilworth, NJ 07033

Nitric oxide donors are widely used to treat cardiovascular disease, but their major limitation is the development

of tolerance, a multifactorial process to which the in vivo release of nitric oxide is thought to contribute. This

presentation will describe the preclinical and clinical results of a translational drug development effort to create a

next-generation nitric oxide donor. The SAR, pharmacokinetic properties and in vivo mechanism of NO release

will be described in detail for a series of key leads, including MK-8150.
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DEVELOPMENT OF MATRIX METALLOPROTEINASE-2

INHIBITORS FOR CARDIOPROTECTION

György Dormán (1,2), Péter Bencsik (3,4), Anikó Görbe (3,4), István Hajdú (2), Sándor Cseh (2), Péter

Ferdinandy (3,5)
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3) Pharmahungary Group, Hajnóczy u. 6, H-6722, Szeged, Hungary
4) Department of Biochemistry, Faculty of Medicine, University of Szeged, Dom ter 9. Szeged, H-6720, Hungary

5) Department of Pharmacology and Pharmacotherapy, Semmelweis University, Nagyvárad tér 4., Budapest, H-1089,
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Our group has previously shown that moderate inhibition of matrix metalloproteinases-2 (MMP-2) is a powerful

tool to attenuate acute cardiac ischemia/reperfusion injury (I/R) and to decrease myocardial infarct size.[1] Based

on the above findings the objective of our ongoing research was shifted to develop novel inhibitors for MMP-2

for acute cardioprotection.

In pilot studies, novel substituted carboxylic acid derivatives were synthesized based on imidazole and thiazole

scaffolds and tested in a screeening cascade for MMP inhibition. We found that the MMP-2 inhibiting effects of

thiazole carboxylic acid-based compounds are superior in efficacy than the conventional hydroxamic acid

derivatives of the same molecules.

Based on these results, a 568-membered focused library of imidazole and thiazole compounds was generated in

silico and the library members were docked to the 3D model of MMP-2.  Altogether 45 compounds showed a

docking score >70, from which 30 were successfully synthesized. These compounds were in vitro screened first

by a fluorescent assay employing MMP-2 catalytic domain and the hits were further investigated by gelatin

zymography assay. MMP-2 was inhibited by 12 compounds below 100 μM, from which 8 showed 7-10-fold

selectivity against MMP-1, which can be rationalized by the structural architectures of the compounds.[2]

Seven compounds were selected to assess cardio-cytoprotective efficacy, using neonatal rat cardiac myocytes

subjected to simulated I/R injury and 6 compounds showed significant cytoprotecion. One compound

significantly decreased infarct size at 1 μM in isolated rat hearts subjected to 30 min global ischemia and 120

min reperfusion. In summary, we identified a promising novel cytoprotective MMP-2 inhibitor lead candidate

for the treatment of acute myocardial infarction.[3]

References

1) Bencsik, P., et al., Moderate inhibition of myocardial matrix metalloproteinase-2 by ilomastat is cardioprotective.

Pharmacol Res, 2014. 80: p. 36-42.

2) Dorman, G., et al., Matrix metalloproteinase inhibitors: a critical appraisal of design principles and proposed therapeutic

utility. Drugs, 2010. 70(8): p. 949-64.

3) Bencsik, P., et al., Development of matrix metalloproteinase-2 inhibitors for cardioprotection, Frontier Pharm. (accepted)

P002

AI FOR CHEMISTRY OPTIMISATION: COMBINING MACHINE

LEARNING AND DOMAIN KNOWLEDGE

Matthew Segall, Edmund Champness, Peter Hunt, Tamsin Mansley

Optibrium Ltd., Cambridge, United Kingdom

Artificial Intelligence involves the application of machine learning algorithms in the context of domain

knowledge. In the case of compound design, this involves integration of information from multiple perspectives:

understanding of structure-activity relationships (SAR), based on data from previously studied compounds;

expertise from diverse fields to define the multi-parameter optimisation (MPO) objectives of a project; and

knowledge of synthetic strategies that may be applicable to create the next rounds of compounds for

investigation. All of these forms of knowledge can be captured and applied computationally: Machine learning

methods can generate quantitative structure-activity relationship (QSAR) models to predict the properties of

novel, virtual compounds; MPO methods capture the desired property criteria for a successful compound for a

specific project and rigorously define an objective function to guide optimisation; and, evolutionary algorithms

can be applied to explore optimisation strategies captured as structural transformations that reflect steps made in

previous chemistry projects.

Here, we will describe these methods and illustrate how they can be seamlessly combined to rigorously explore

new, relevant compound ideas and prioritise those most likely to achieve a project objective. This approach can

help to stimulate the search for new optimisation strategies and explore a much broader range of compounds than

could be achieved based on a single chemist’s or even a project team’s experience. Example applications include

the optimisation of compounds with a desired polypharmacology or selectivity profile and exploration of lead

hopping strategies to overcome pharmacokinetic issues, while maintaining target potency.
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NEW MOLECULES TO INHIBIT THE 20S PROTEASOME IN

ANTICANCER THERAPY: COMPUTER-AIDED DRUG DESIGN

METHODOLOGIES AND BIOLOGICAL EVALUATION

Romina A Guedes (1,2), Carlota Leonardo Sousa (1), Andre Falcao (3), Eleonora Gallerani (4), Riccardo

Gavioli (4), Andreia Neves Carvalho (1), Maria Joao Gama (1), Jorge AR Salvador (2,5), Rita C Guedes

(1)
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5) Laboratory of Pharmaceutical Chemistry, Faculty of Pharmacy, University of Coimbra, Azinhaga de Santa Comba,
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The ubiquitin proteasome system is a nonlysosomal pathway by which cells regulate the controlled degradation

of several proteins, not just in cell cycle and apoptosis but also in inflammatory and immune processes,

carcinogenesis, among other clinical situations. Usually in protein homeostasis the defective proteins are

ubiquitinated and are proteolysed into short peptides by the proteasome. Proteasome substrates include, for

example, signalling molecules, tumour suppressors, cell cycle regulators and transcription factors. Proteasome

inhibition results in an interruption of the degradation of these substrates, leading to activation of apoptotic

pathways and, eventually, cell death. Rapidly growing cells, such as cancer cells, are particularly susceptible to

proteasome inhibition mechanisms.[1][2]

This work relies on a computational-based drug discovery approach to find alternative new, selective (and more

effective) small molecules as reversible proteasome inhibitors that can overcome the severe adverse drug

reactions demonstrated by in use drugs. The efforts to discover new anticancer drugs described here combine

different computer-aided drug design techniques (i.e. molecular docking, pharmacophore modeling,

structure-based virtual screening and molecular descriptors calculation) in order to identify potential hit

compounds (picture below). The selected compounds were tested in cell growth inhibition assays, being also

performed inhibition assays for the chymotrypsin-like, trypsin-like and caspase-like activities of the proteasome

using fluorogenic substrates.

Acknowledgements:Fundação para a Ciência e a Tecnologia (SFRH/BD/104441/2014,

PTDC/QEQ-MED/7042/2014, UID/DTP/04138/2013, SAICTPAC/0019/2015). Salvador J.A.R thanks PT2020

(Programa Operacional do Centro 2020), and the financial support by FEDER (COMPETE 2020 Programme),

project CENTRO-01-0247-FEDER-003269, drugs2CAD.
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DEEP LEARNING APPLICATIONS IN THE DESIGN AND

IDENTIFICATION OF ANTIBACTERIAL COMPOUNDS

Marko Jukic, Stanislav Gobec

University of Ljubljana, Faculty of Pharmacy, Department of Medicinal Chemistry, Aškerčeva cesta 7, 1000 Ljubljana,
Slovenia

Contemporary medical practice is elevating the need for antibacterial drugs and with it, an imminent upsurge of

bacterial resistance is observed.

 1 

In lieu of diminished effectiveness of antibacterials in materia medica,

identification of novel antibacterial compounds serves as a crucial topic for research investment. 

2

 Deep learning

as a selection of machine learning techniques can produce high level abstractions from large and heterogeneous

data sets of high-dimensions and methodology is suitable for composite property predictions. 

3

 Last-mentioned

input data set was collected from expanding ChEMBL v23 database where pruned libraries of antibacterial

compounds were constructed. 

4

 Using Keras neural networks Python API and multiple bioinformatics software

packages, molecular fingerprints and descriptors were calculated and served as input data for training, testing

and optimization of deep neural network models. 

5

 Constructed models were able to identify compounds with or

without antibacterial activity against Gram-positive (S. aureus) or Gram-negative (E. coli) bacteria with higher

accuracy when compared to several alternative or classical QSAR approaches. We were also able to

prospectively study the antibacterial properties of in-house databases and confirm the results with in vitro
antimicrobial evaluation on relevant bacterial strains. Furthermore, we postulate the application of reported

methodology for library enrichment and antibacterial compound design.
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DEEP LEARNING FOR LIGAND-BASED DE NOVO DESIGN IN LEAD

OPTIMIZATION: A REAL LIFE CASE STUDY
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1) Institut De Recherche Servier, 125 Chemin de Ronde, 78290 Croissy, France
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Introduction:

Multi-Parameter Optimization (MPO) is a major challenge in New Chemical Entity (NCE) drug discovery

projects, and the inability to identify molecules meeting all the criteria of lead optimization (LO) is an important

cause of NCE project failure. Several ligand- and structure-based de novo design methods have been published

over the past decades, some of which have proved useful multiobjective optimization (ref 1, 2). However, there

is still need for improvement to better address the chemical feasibility of generated compounds as well as

increasing the explored chemical space while tackling the MPO challenge.

Recently, promising results have been reported for deep learning generative models applied to de novo

molecular design (ref 3), but until now, to our knowledge, no report has been made of the value of this new

technology for addressing MPO in an actual drug discovery project.

Our objective in this study was to evaluate the potential of a ligand-based de novo design technology using deep

learning generative models to accelerate the discovery of an optimized lead compound meeting all in vitro late

stage LO criteria.

Materials and methods:

The project data set comprised 880 molecules tested on 11 biological assays, with variable rates of missing data:

1 activity criteria (phenotypic assay) (40%), 6 selectivity criteria (58%), 4 DMPK criteria (microsomal stability

and permeability) (53%) assays. No compound was simultaneously meeting all predefined success criteria. 3

molecules were satisfying 9/11 objectives.

Single task QSAR models were developed based on the data set for all 11 objectives. Iktos molecule generator, a

proprietary algorithm using deep learning generative models, was then used to design virtual molecules fulfilling

all 11 objectives according to a multi-objective fitness function built from the predictive QSAR models.

From the virtual molecules proposed by the generator, 20 molecules were selected for synthesis, based on

activity predictions, molecular diversity, and synthetic accessibility. They were then tested on all 11 assays and

evaluated with regards to the predefined objectives. Performances were compared to the molecules previously

tested.

Results:

150 virtual compounds predicted to meet all 11 objectives simultaneously were proposed by Iktos molecule

generator. 11 compounds were synthesized and tested.

For most of the objectives, the new molecules outperformed the molecules of the initial dataset, including the 50

most recent ones. Average number of objectives hit was 9.5 for the new molecules vs. 5.9 previously. Hit rate

was >90% for all selectivity and permeability targets and 65% for activity. Stability however was decreased with

a 55% hit rate. More importantly, in the 11 new compounds, 1 met simultaneously all 11 objectives of the

project, and 2 met 10/11 objectives and were just below the required threshold, within the margin of error of the

assay, regarding the last objective.

Conclusions and perspectives:

To our knowledge, this is the first report of a successful application of deep learning for de novo design to solve

an MPO issue in an actual drug discovery project, moreover on a large number of objectives. This is a

demonstration of the potential of this technology to bring substantial improvements to medicinal chemistry. The

use of such approach in the earlier phases (hit to lead, early LO) is under investigation.
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Artificial Intelligence (AI) has recently become an essential part of the technology industry, solving many

challenging problems in computer sciences. Also, the biopharmaceutical industry is looking toward AI to speed

up drug discovery, cut R&D costs, decrease failure rates in drug trials and creates better medicines.

In this sense, machine learning (ML) approaches have emerged as very powerful tools that can be applied in

several steps of the iterative drug discovery process

1,2

 (Figure 1), such as Quantitative Structure Activity

Relationship (QSAR) for the prediction of activity of large untested databases, discovery of hit compounds or

synthesis prioritization for lead optimization. In order to reduce attrition rate in later stages of drug discovery and

avoid compounds with undesirable properties, the development of QSPR models for the prediction of the

pharmacokinetic and toxicological (ADMET) profile plays also a key role in lead optimization.

3

For this purpose, in this work we have developed several QSXR models (X: activity, enantiomeric excess and

ADME properties) to optimize drug discovery process in neurodrugs.

The first model was developed to identify inhibitors of BACE1. The work-set includes compounds with a

representative chemical space and a wide variety of drug-like properties available from different databases.

Models were obtained by the application of several ML methods, model hybridizing strategies, combinatorial

analysis and visual analytics. A performance of 85% for corrected classified compounds and ROC value of 0.88

was obtained. Our approach contributes to achieve a QSAR model that can be a useful virtual screening method

for prediction of BACE1 inhibitors with a wide applicability domain.

Once the hit is identified, hit optimization process is carried out using chemical synthesis where several ML

methods can be developed to predict the outcome of the reaction.

4

 Also, ADME properties are essential in lead

optimization. One of the critical steps in QSXR modeling is the identification of the most informative molecular

descriptors. For this purpose, two main general approaches can be used: feature selection and feature learning.

5

 To address both issues, a performance comparative study of two state-of-art methods taking into account these

two approaches was carried out using different databases at these stages of the drug discovery process. These

databases include enantiomeric excess in the chemical synthesis and blood brain barrier or human intestinal

absorption in physicochemical properties assessment. Regression and classification models were built for the

three datasets using both approaches together with their potential hybridization to analyze which technique

achieves a better performance to be further applied.

6
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Modern instances of artificial intelligence (AI) (e.g., deep learning) and the availability of large chemical and

biological datasets enable the development of innovative concepts in drug discovery and development.

1 

We have

applied a so-called “generative” deep learning model based on a deep recurrent neural network (RNN)

containing long short-term memory (LSTM) for de novo molecular design.

2

 This computational model was first

trained to capture the grammar of SMILES representations of bioactive small molecules, and then used to

automatically generate SMILES strings of new chemical entities (NCEs). By means of transfer learning, the

model could be fine-tuned to create target-focused sets of molecules. In a pioneering prospective study,

3

 the

generative RNN was trained on bioactive molecules (540'000) from a public compound database (ChEMBL22)

and further fine-tuned with a small set of 25 known agonists of retinoid X and peroxisome proliferator-activated

receptors (RXR, PPAR). The de novo designs generated by this model were ranked computationally, and five

top-ranked compounds were synthesized. Four out of five molecules showed nano- to micromolar potencies

against the studied targets (RXR and/or PPAR) with distinct activity profiles. In further prospective studies, we

applied generative AI models to the de novo design of bioactive natural product mimetics. The

computer-generated NCEs resemble structure of the natural product and inherited the bioactivity profile of their

template. Our results highlight generative AI as an innovative knowledge-driven approach to obtain

pharmacologically relevant NCEs.

4
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A COVALENT ANTAGONIST FOR THE HUMAN ADENOSINE A3

RECEPTOR
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Heitman, Daan van der Es , Ad P. IJzerman
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2333 CC Leiden, the Netherlands

The human A

3

 adenosine receptor (hA

3

R) plays an important role in both physiological and pathophysiologic

conditions, such as cell proliferation, cell differentiation, neuroprotection, cardioprotection, and apoptosis.

1

 In

the past we have searched for potent and selective hA

3

R antagonists, leading to a set of structurally diverse

antagonist classes. In particular, tricyclic xanthine derivatives of 1H,3H-pyrido[2,1-f]purine-2,4-dione have been

reported to exert high affinity and selectivity for hA

3

R.

2,3 

Building on these results, we report an analog,

LUF7602, equipped with a reactive electrophilic fluorosulfonyl functionality, as a selective covalent antagonist

of hA

3

R.

In a radioligand binding assay, this ligand acted as a potent antagonist, with an apparent affinity for the hA

3

R in

the nanomolar range. Its apparent affinity increased with longer incubation time, suggesting an increasing level

of irreversible binding over time. An in silico hA

3

R-homology model was used to study the binding mode,

indicating that a tyrosine residue Y265

7.36 

 was responsible for the covalent bond formation.  Site-directed

mutagenesis was performed to demonstrate that the amino acid residue was the unique anchor point of the

covalent interaction. Subsequently, LUF7602 was tested in  [

35

S]GTPγS functional assays. Preincubation with

LUF7602  caused a concomitant decline in the agonist's maximal response, indicating insurmountable

antagonism, another proof of the covalent receptor labeling. In contrast, coincubation with this antagonist

generated a parallel rightward shift of the agonist’s concentration-effect curve with no alteration of the maximal

effect, suggesting the insurmountable antagonism was competitive, due to an irreversible blockade to reduce the

total receptor population available. 

All these data contribute to a better understanding of the covalent interaction between LUF7602 with the

receptor. This covalent antagonist may serve as a valuable molecular translational tool for further investigating

the role of hA

3

R in different pathophysiological conditions.
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Protein tunnels and gates are attractive targets for drug design [1]. Tunnels are important for the transport of ligands,

solvent and ions, and can be found in many enzymes, ion channels and membrane proteins. To study the protein

tunnels using a user-friendly graphical interface we have developed Caver Analyst 2.0 [2]. Caver Analyst can be used

to identify tunnels in both static structures as well as molecular dynamics trajectories. Studying tunnels in protein

assemblies from molecular dynamics simulations offers possibilities to observe transient tunnels and their changes in

time. To study the transport of ligands through the protein tunnels, we have developed CaverDock [3,4]. CaverDock is

fast, robust and accurate tool which allows the screening of binding and unbinding processes for pharmacologically

interesting compounds. It is based on a modified AutoDock Vina algorithm [5] and we have previously successfully

tested it with many pharmaceutically interesting targets, such as cytochrome P450 17A1 and leukotriene A4

hydrolase/aminopeptidase [6]. CaverDock is efficient method for virtual screening of compounds: one simulation took

on average less than an hour and >90% of the studied cases led to a successfully calculated binding/unbinding

trajectory. Caver Analyst 2.0 and CaverDock 1.0 are available free of charge at https://www.caver.cz/ and 

https://loschmidt.chemi.muni.cz/caverdock/.
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PEPTIDASE INHIBITORS. SYNTHESIS, BIOLOGICAL EVALUATION

AND CONFORMATION OF MACROCYCLIZATION
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Bacterial type I signal peptidase, with its vital role in bacterial viability, is a promising antibacterial drug target.

In the environment of steadily growing antimicrobial resistance, we developed novel macrocyclic oligopeptides

capable of E.coli type I signal peptidase (EcLepB) inhibition and exhibiting good antibacterial activity. We

designed unique macrocyclic boronic esters based on previously published linear lipopeptidic EcLepB inhibitors.

1 

Macrocyclization was confirmed by mass spectrometric and NMR analyses of a polyalanine analogue, which

has a simplified structure that enabled unambiguous and quick spectral analyses. 

1

H NMR assignment was

performed using a NOESY-TOCSY backbone walk, and further corroborated by the cross peaks observed in

gCOSY, 

1

H,

13

C- and 

1

H,

15

N-gHSQC, and 

1

H,

13

C- and 

1

H,

15

N-gHMBC spectra. Among the synthesized

macrocycles, we identified potent enzyme inhibitors in the low nanomolar range and with good antimicrobial

activity. We also explored structural modifications influencing toxicity and hemolytic activity.
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One of the fastest growing major human health issues in the world is diabetes of which over 90 % represents

type 2 diabetes mellitus (T2DM). Recently, diabetes has been classified into five refined sub-groups to be able to

individualize the treatment of this metabolic disorder. Patients with T2DM suffering from severe insulin

resistance, the inability of the body to fully respond to insulin, have the highest risk of diabetic kidney diseases.

However, all T2DM patients have been prescribed similar diabetes treatment. The new classification of diabetes

enables development of new effective and more individualized treatments.

1

Lipid phosphatase SHIP2 (SH2 domain-containing inositol 5´-phoshatase 2) is a negative regulator of the insulin

signalling pathway. It is upregulated in muscle, adipose and kidney tissue in experimental models of diabetes.

2

In

our previous studies

3

we showed that metformin, the well-known anti-diabetic drug, increases the insulin

sensitivity of peripheral tissues by inhibiting the catalytic activity of SHIP2. Our data indicate that SHIP2 is a

potential therapeutic target for the treatment of insulin resistance in T2DM. To date, however, only few small

molecule SHIP2 inhibitors have been identified, and they possess poor bioavailability and pharmacokinetic

properties and none of them are in clinical use.

4

We have designed and synthesized a molecular library of various diaryl compounds and their derivatives with a

common core unit as new potential SHIP2 inhibitors. To demonstrate that these compounds act as SHIP2

inhibitors in vitro, we tested their efficiency to inhibit the catalytic activity of SHIP2 using both purified SHIP2

fusion protein and cultured cells. We also tested their ability to activate the insulin signalling pathway. These

compounds are potent SHIP2 inhibitors and support the role of SHIP2 as an excellent target to treat insulin

resistance. These SHIP2 inhibitors can be used as an avenue to identify and design novel molecules that can be

used to develop new insulin sensitizers for future clinical trials.
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Over the 10 years ComInnex specialized on developing high quality drug-like libraries (typically 100 – 300

members per library) in order to cover chemical space of potential biological targets effectively. The applied

strategy focuses on non-flat 3-dimensional templates and libraries (Smart Diversity Approach

TM

) that result in

screening compounds with more favourable physicochemical properties, higher sp3/sp2 atom ratio, and novel

3-dimensional shapes with various functionalities.

Next to the Antibody-Drug Conjugates (ADCs) peptide based Small Molecule-Drug Conjugates (SMDCs) were

developed for targeted tumour therapy. Peptide homing devices (e.g. hormone peptides) were conjugated with

potential cytotoxic „warheads” through cleavable linkers [1]. In order to discover novel drugs our objective was

to develop potential apoptosis agonist small molecules using our design concept. In the initial library generation

process we focused on meeting the following requirements: lead-like properties, synthetic feasibility, novelty

and diversity. Our goal was to develop cytotoxic compounds combined with the strategy of ensuring the

selectivity via linking to appropriate targeting peptides.

In an initial compound set several hundred diverse compounds were synthesized. After stability assessment and

strict quality control (purity: > 95 %) and LogD/LogS assessment 139 compounds containing linker connection

functional groups were finally selected and submitted for cytotoxicity tests on PANC1 (pancreas tumour) cell

line. For cytotoxicity assay real-time, impedance-based cell analysis was applied.

The identified hit compounds were subjected to a virtual target identification process based on the structural

similarities to existing compounds acting on known biological targets. One of the novel compound groups

showing activity are similar to XIAP (X-linked inhibitor of apoptosis) blockers, thus, as a result may activate the

apoptosis machinery as well.

Based on these findings our attention turned to designing a focused XIAP inhibitor targeted compound library.

The available crystal structure of XIAP allowed to generate 3D models in order to identify the major interactions

of the hit compounds and allowing to design more effective XIAP antagonists.

In the present poster we report the preliminary results of the new combined concept and the 3D structure-based

hit and virtual screening model.

 

This work is supported by Hungarian grant (National Research, Development and Innovation Office: National
Competitiveness and Excellence Program, #NVKP16-1-2016-0036).
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Macrocycles have been emerging as a valuable class of pharmacological agents over the past decade. A growing

appreciation of potent and selective protein-ligand interactions, which are not easily addressed using small

molecules, calls for the development of inhibitors that are more sophisticated than traditional open form,

non-macrocyclic small molecules. Macrocyclic kinase inhibitors have reached advanced clinical testing and are

having a significant impact in different disease areas such as oncology and inflammation. The number of reports

of innovative macrocycles in preclinical research is continuously increasing in literature.

At Oncodesign, macrocyclisation is systematically applied within all projects leading to a Nanocyclix

®

 platform.

Restriction of the conformational freedom in small molecules can result in high affinity and selectivity for

various classes of biological targets such as, but not only, kinases. Bioactive Nanocyclix

®

 are designed with the

goal of pre-organizing their three dimensional shape into a well-defined conformation. The rationale is to

diminish entropic penalties in the course of a protein/ligand interaction, which occur between the proteins active

pocket and the macrocyclic ligand. The conformational rigidity also results in a high degree of specificity, not

only between target classes, but also in a very high degree of selectivity within a target class such as kinases and

even within closely related sub kinase families (wild-type forms and/or mutants). This high degree of selectivity

is based on three dimensional shape complementarity between the kinases active pocket and the Nanocyclix

®

ligand.

The Nanocyclix

®

 chemistry technology comprises the generation of compounds through a macrocylization

process which results in small, low MW kinase inhibitors with a unique binding mode and mode of action

compared to the open form kinase inhibitors. Not only the Nanocyclix

®

 technology is used in the search for

therapeutically active agents, but also in the identification of novel, clinically relevant PET tracers.

In this presentation, we describe the Nanocyclix

® 

platform, characteristics of the technology, applied medicinal

chemistry approaches as well as examples in different projects.
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The migration patterns of people from South and Central America to North America, Asia and Europe have

changed the outlook of Chagas disease (CD), an illness caused by infection of the protozoan parasite 

Trypanosoma cruzi (T. cruzi) [1-2]. The available drugs for treatment of CD, benznidazole (Bnz) and nifurtimox

are toxic and not active on the chronic phase, and cases of resistant have been described. In Brazil, only Bnz is

used for treatment of CD. Therefore, the search for new analogues of this drug could be an important approach.

In this work, we report the synthesis, evaluation on the enzyme nitroreductase (TcNTR) and against T. cruzi 
amastigote and trypomastigote forms of novel N-acylhydrazone-2-nitroimidazoles (1-9) and 1,2,3-triazoles

derivatives (10-12) as analogue of Bnz (Figure 1). The substitution of the amide group in Bnz by a

1,2,3-triazolic ring (10-12) could be justified because they present similar chemical properties, volume and

planarity. 

All synthesized compounds were evaluated against T. cruzi amastigote and trypomastigote forms in a single

assay (Table 1). To evaluate the mammalian cytotoxicity and to determine the selectivity index (SI), compounds

were tested against murine fibroblasts (L929 cell line). The SI was calculated as the ratio of CC

50

 for L929 cells

to IC

50

 for parasite. The assay against T. cruzi showed analogues 9 and 11 equipotent to Bz. Interestingly, the

nitroreductase enzymatic (TcNTR) evaluation of analogs no indicated a good correlation with T. cruzi assay,

thus identifying that the mechanism of action of the novel compounds could be otherwise. However, 2, 3 and 7

analogues were excellent substrate of TcNTR.

Table 1: In vitro effect of some compounds on the growth of T. cruzi and on the TcNTR enzymatic assay (20

µg/mL TcNTR, 100 µMol/L NADH, 200 µMol/L of compound).

Compounds T. cruzi (Tulahuen)  IC

50

 (mM) L929 cells CC

50

 (mM) SI Kobs error Activity (%)

Bzn 3.8 ± 0.8 2381 626 0.063 0.001 100.00

4 17.1 ± 3.4 > 200 > 11.7 0.04 0.01 60

5 11.6 ± 4.8.2 483± 223.4 41.6 0.026 0.009 40

6 82.9 ± 16.3 > 800 > 9.6 0.03 0.01 50

9 5.4 ± 1.3 645.5 ± 6.4 119.5 0.060 0.0006 44

11 4.4 ± 1.7 182 42 - - -

The authors thank the CNPq, CAPES and FAPERJ for financial support.
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Antibody-drug conjugates (ADCs) combine the selective nature of targeted therapies with potent cytotoxic

warheads utilising linker technology to deliver selectively the warhead to the target.

[1] 

Proof of concept has

already been observed with licensed ADCs on the market, e.g. Kadcyla and Adcetris, giving confidence to the

use of ADCs in cancer treatment, with many ADCs in clinical testing. Many of these ADCs consist of cytotoxic

drugs derived from complex natural products, consequently leading to synthetically long and complicated routes.

[2] 

To address this problem, we have identified novel warheads, with the use of screening the NCI database, that

are structurally simpler drugs with differing cellular activity profiles. This may also address resistance issues.

Seven compounds were selected and two have been explored initially,-: nitroacridines and quinolones.

Nitroacridines inherently target hypoxic cells and are known to intercalate with DNA, while quinolones are

known tubulin binders

.[3][4]

 Our work has focused on synthesis of these cytotoxic warheads as non-cleavable and

cleavable drugs as well as a cleavable dipeptide linker with an aim to conjugate with antibodies and test across a

cell panel. The parent compounds have been tested along with their non-cleavable counterparts in MCF-7 cell

lines confirming cytotoxicity for the parent compounds only.
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A new collection of nine CNS active compounds, which have been recently licensed, is now available in the

BIONET collection. This screening collection with experimentally-determined bioactivity, lipophilicity

(LogP/D7.4), aqueous solubility, GIT and BBB permeability, chemical stability and toxicity will address the

need of new, robust, and multipotent small molecules for the treatment and diagnosis of CNS diseases, such as

Parkinson´s disease, Alzheimer´s disease, dementia and/or other neurodegenerative diseases [1–3]. NMR and

LC-MS analysis allowed the careful control of the compound quality. Importantly, the newly discovered and

well-validated

molecules are enriched in heterocyclic scaffolds and specifically substituted phenyl moieties commonly found in

CNS drug candidates, and spans chemical space that minimally overlaps with existing commercial collections. In

addition, the compounds are easily accessible and offer the possibility of broad structural diversities in order to

further explore the chemical space within further biological screening on relevant CNS targets [4]. This poster

will summarize the design, synthesis, biological activity, and experimental ADME features of this potential next

generation compounds that are available for further screening and elaboration for CNS disease treatment.
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Aldo-keto reductase (AKR) family 1 members 1-3 (AKR1C1-3) are NAD(P)H-dependent oxidoreductases

catalysing the conversion of variety of biologically active compounds. As such, AKR1C1-3 represent key

enzymes involved in the pathophysiology (e.g. altered metabolism of steroid hormones and/or prostaglandins) of

steroid hormone-dependent diseases, such as prostate and breast cancer and endometriosis, as well as

chemoresistance to anticancer drugs and thus remain paramount therapeutic targets. Here, we used an in vitro
enzyme assay to characterise the inhibitory potential of 37 compounds, 13ß-oestrone (E1), 13α-oestrone and

17-deoxy-13α-oestrone derivatives against AKR1C1-3. Catalytic activity of AKR1C1-3 was measured

spectrophotometrically by monitoring the oxidation of artificial substrate 1-acenaphthenol in the presence of

NAD

+ 

at 340 nm. Halogenation (Cl, Br, I) of the 13α-oestrone core at the C2 and/or C4 position increased the

inhibitory potential with a level of inhibition being dependent on the target enzyme, nature of the halogen and

substitution pattern of the ring A. The most potent inhibitors belonging to this class of compounds were 2-iodo,

4-bromo (AKR1C1, IC

50

=0.727 µM), 2,4-dichloro (AKR1C1, IC

50

=2.802µM; AKR1C2, IC

50

=4.593 µM;

AKR1C3, IC

50

=12.792 µM), 2,4-dibromo (AKR1C1, IC

50

=5.305 µM; AKR1C2, IC

50

=7.330µM) and 4-iodo

derivatives (AKR1C3, IC

50

=12.277 µM). Halogenation of the 13ß-oestrone core at the C2 and/or C4 position

increased the inhibitory potential, where 2,4-dichloro E1 showed the most potent inhibitory activity against

AKR1C1 and AKR1C3 (AKR1C1, IC

50

=1.572µM; AKR1C3, IC

50

=6.307 µM) but had no effect on AKR1C2

activity. 17-Deoxy-13α-oestrone derivatives preferentially inhibited AKR1C2 with the 4-chloro derivative

showing high activity (AKR1C2, IC

50

=0.898 µM).

3-Methyl or –benzyl ethers of the monohalogenated 13α-oestrone derivatives displayed substantially weaker

inhibitory potential compared to the parent halogenated compounds. Oestrone-derived compounds containing an

azide (-N

3

) or O-allyl group at the C15 position exerted pronounced inhibition of AKR1C2 activity, with IC

50

values being 3.801 µM and 0.485 µM respectively, and only moderately (56%-63% inhibition at 100 µM)

inhibited AKR1C1 and AKR1C3 activity. 

The present study showed that halogenation of the 13α-and 13ß-oestrane core at the C2 and/or C4 position and

functionalisation of C15 enhanced in vitro inhibitory properties of oestrane-derived inhibitors against

AKR1C1-3, thus providing further guidance for design and development of more potent and specific inhibitors

of AKR1C1-3.
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NEW PYRAZOLOPYRIMIDINE-SULFONAMIDES AGAINST

PLASMODIUM FALCIPARUM
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We have synthesized a new series of quinoline-sulfadoxine hybrids, planned by molecular hybridization between

the quinoline ring and the benzenesulfonamide moiety present in chloroquine and sulfadoxine. Compound I

exhibited selectivity index (SI) values (1102.2) and IC

50

 (0.09 mM) higher than chloroquine (834.74; 0.46 mM).

When evaluated against P. berghei malaria, it was inhibited the parasitemia by 49% on day 5 after inoculation,

contributing to the discovery of new prototype.

1

In order to obtain new compounds with anti-P. falciparum activity, we used the compound I to design the new 1

H-pyrazolo[3,4-d]pyrimidine-sulfonamide derivatives (1-9). The quinoline ring was replaced by the system 1H
-pyrazolo[3,4-d]pyrimidine by ring isosterism. An N-(4-aminobutyl)benzenesulfonamide moiety was attached at

the 4-position of the 1H-pyrazolo[3,4-d]pyrimidine ring (Figure 1).

The compounds 11a-c could be prepared from the reaction of suitable 5-amino-pyrazoles (10a-c) and formic

acid.

2

 The derivatives 11a-c were refluxed with POCl

3

 to produce 12a-c. The compounds 13a-c were

synthesized by the nucleophilic substitution reaction between 12a-c and butane-1,4-diamine. The reaction

1

between 13a-c and the appropriate sulfonyl chloride produced the target compounds 1-9 (Figure 2). 

Among the 1-phenyl-1H-pyrazolo[3,4-d]pyrimidines 1-9 synthesized none of these were toxic to BGM cells.

The compound 3 (R

1

 = F / R

2

 = CH

3

) presented SI value 62.90 and IC

50

 = 5.13 µM lower than the sulfadoxine

drug control (SI = 20.70; IC

50

 = 15.00 µM), in the anti-HRPII assay. The chloroquine and the prototype I is still

more potent than 1-9 derivatives. The pyrazolo[3,4-d]pyrimidine is promising for further studies of antimalarial.

The authors thank the CNPq, CAPES and FAPERJ for financial support.
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TARGETED DELIVERY OF DUOCARMYCIN SA ANALOGUES VIA
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CC-1065 and the duocarmycins, including duocarmycin SA (Fig 1), are natural products which have been shown

to be ultrapotent antitumour antibiotics with IC

50 

values within the picomolar range. The biological effect of the

agents occurs due to a sequence-selective alkylation of DNA, leading to a cascade of cellular events, resulting in

apoptosis (Fig 1).

1

Figure 1: A DNA binding induced conformational change leads to disruption of the vinylogous amide and

consequent activation of the cyclopropane ring.  This leads to a S

N

2 reaction involving attack by the N-3 position

of adenine

The high potency and broad spectrum of antitumour activity of the CC-1065 and duocarmycin family has

demonstrated the potential of these agents as clinical candidates. However, these agents have been found to be

too toxic for systemic use and a lack of targeting has meant they have never fulfilled their potential as possible

chemotherapeutic agents.

The Thomsen-Friedenreich antigen (TF) antigen presents an attractive moiety to achieve targeted delivery of

agents to cancer cells. This is because this disaccharide has been shown to be overexpressed in 90% of primary

human carcinomas but is cryptic within healthy cells. Previous work has demonstrated the potential of this

antigen in achieving targeted delivery.

2

We will discuss strategies employed to try and achieve the targeted delivery of duocarmycin based agents via the

TF antigen with an overall aim of improving the therapeutic index of this family.
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CONTROLLING PLASMA STABILITY OF HYDROXAMIC ACIDS: A

MEDCHEM TOOLBOX
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Hydroxamic acids are outstanding zinc chelating groups that can be used to design potent and selective

metalloenzyme inhibitors in various therapeutic areas. Some hydroxamic acids display a high plasma clearance

resulting in poor in vivo activity, though they may be very potent compounds in vitro. We designed a

57-member library of hydroxamic acids to explore the structure-plasma stability relationships in these series and

identify both which enzyme(s) and which pharmacophores are critical for plasma stability. Arylesterases and

carboxylesterases were identified as the main metabolic enzymes for hydroxamic acids. Finally, we suggest

structural features to be introduced or removed to improve stability. This work provides thus the first medicinal

chemistry toolbox (experimental procedures and structural guidance) to assess and control the plasma stability of

hydroxamic acids and realize their full potential as in vivo pharmacological probes and therapeutic agents. This

study is particularly relevant to preclinical development as it allows to obtain compounds equally stable in

human and rodent models.
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EXPANDING PARKIN TOOLBOX - NOVEL CHEMICAL PROBES TO

EXPLORE PARKIN ACTIVATION
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Parkinson’s disease (PD) is the second most common progressive neurodegenerative disorder worldwide,

affecting approximately 1.5% of the population above 60 years old and 4% of the population at the age of 80 [1].

Although PD is primarily a sporadic disorder of unclear aetiology, it is now clear that genetic factors contribute

to the pathogenesis of the disease. For example, mutations in the parkin gene, which encodes Parkin protein, are

a relatively frequent cause of autosomal recessive early-onset forms of PD [1].

Parkin is a ring-in-between-ring (RBR) E3 ubiquitin ligase, composed by six distinct domains. The catalytic

module of PARKIN has a multidomain architecture consisting of RING1, IBR and RING2 domains (the latter

harbouring the catalytic cysteine), and is responsible for the ubiquitination and consecutive proteasome

degradation of a number of protein substrates [2,3].

The ubiquitination-proteasome system is fundamental to several cellular events and its malfunction induces

impairment in mitophagy and accumulation of dysfunctional mitochondria, indicating that loss-of-function of

Parkin protein may be a key to the neurodegeneration process and to the pathogenesis of PD. Therefore,

restoring Parkin function using rationally designed peptides and small molecules has been emerging as a

potential therapy for Parkin-linked PD.

However, medicinal chemistry approaches to regulate this pathway have always been hindered by the lack of

suitable robust methodologies for screening endeavours [2,3].

To address this challenge, a series of activity-based probes for profiling Parkin activity is being developed.

Concurrently, a yeast-based phenotypic assay [4] is being implemented and the biological activity of selected

probes evaluated.

These novel chemical tools hold promise as innovative biomarkers for Parkin activation, providing the bases for

Parkin high-throughput screening campaigns.

 

Acknowledgments

We thank the Fundação para a Ciência e Tecnologia for financial support of the iMed.ULisboa

UID/DTP/04138/2013, UCIBIO/REQUIMTE UID/MULTI/04378/2013 and Sofia Domingos PhD grant

PD/BD/114281/2016 from FCT PhD Programme in Medicines and Pharmaceutical Innovation (i3DU).

 

 

References

1) Elbaz A.; Carcaillon L.; Kab S.; Moisan F., Revue Neurologique 2016, 172, 14-26

2) Kumar A. et al., Nature Structural & Molecular Biology 2017, 24, 475-483

3) Truban D. et al., Journal of Parkinson’s Disease 2017, 7, 13-29

4) Pereira C., Costa V., Martins L. M.; Saraiva L., Experimental Cell Research, 333, 73-79

135



P027

ACCELERATING MULTIPLE MEDICINAL CHEMISTRY PROJECTS

USING MATCHED MOLECULAR PAIR ANALYSIS FOR

KNOWLEDGE BASED DESIGN – A REVIEW FROM THE PAST 8

YEARS OF USE AT THE FRONT LINE
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The technical methods and results of Matched Molecular Pair Analysis (MMPA) applied from a small,

individual assay scale through large pharma scale, to multiple pharma data sharing scale have been published

and reviewed.

1,2,3,4

 The drive behind these efforts has been to derive a medicinal chemistry knowledge base (i.e.

definitive textbook) that can be applied to drug discovery projects. The aim is to greatly decrease the time in lead

identification and optimization by the synthesis of fewer compounds. Given this context, how does this work on

projects? How do the chemists make decisions? What are the results? The talk will answer these questions

through project examples where MMPA has been applied and how this led to drug candidates. The projects

disclosed are from multiple organisations and describe Cathepsin K inhibitors, Glucokinase Inhibitors,

11β-Hydroxysteroid Dehydrogenase Type I Inhibitors (11β-HSD1), Ghrelin inverse antagonists and Tubulin

Polymerization inhibitors. An overview of MMPA will be presented and each project will be briefly described

with a focus on how the chemists used MMPA to understand SAR and design compounds. The impact of project

progress to CD will be quantified.
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TARGETING RAS WITH MACROCYCLIC PEPTIDES
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KRas is a key GTPase involved in the proliferation of many cancers and therefore it has been the subject to

many efforts to develop and deliver inhibitors.

[1]

 Due to the high, pico-molar affinity for its natural ligands GTP

and GDP, development of direct small molecule antagonists has been unsuccessful. As part of the search for

novel binding sites and ligands for Ras, AstraZeneca scientists identified peptide ligands binding to a similar site

to that recently reported by the Takeda group.

[2] 

The most potent example contained a 16 amino acids sequence

bearing a macrocycle at its core. Analysis of structures of peptide-RAS complexes derived by X-ray

crystallography and computational modelling suggests that three core lipophilic interactions at the macrocycle

level were key to the activity. The aim of the work presented here was to use this pharmacophore information to

discover small macrocyclic peptides which could offer greater potential as cell permeable probes. Application of

a diversity-oriented macrocyclic synthesis approach coupled with solid supported peptide synthesis allowed

implementation of an effective synthesise-test-analyse-design strategy. We were able to quickly deliver a range

of macrocycles, exploring different parts of the chemical space in the binding pocket. Exploration of different

chemistries to achieve macrocyclisation, including click chemistry, metathesis, Heck and Glazer couplings,

allowed us to build a diverse initial library of 63 macrocycles.  In vitro testing and SAR analysis of this library

identified the requirements for minimally active macrocycles. More systematic exploration of SAR has been

carried out to further explore and define the key features for binding and to identify more potent macrocycles.

The outcome of these strategies, a journey from molecules with potency of greater than 100 mM to low

micromolar hits, will be reported.

Figure 1: development of a novel family of macrocyclic peptides for Ras inhibition. From left to right:

macrocyclic core of the initial 16 amino acids sequence; general structure of a member of our macrocyclic

peptides library; low micromolar compounds.
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IRREVERSIBLE XIAP INHIBITORS WITH SUPERIOR CELLULAR

ACTIVITY IN REFRACTORY TUMORS
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The anti-apoptotic protein XIAP is a member of a larger family of proteins responsible for the development of

cancer resistance to chemotherapy. Compounds designed to inhibit XIAP activity, often derived from the

tetrapeptide sequence AVPI recognized by many IAPs, lack of true selectivity. Their activity against other two

member of the IAPs family, cIAP1/cIAP2 may results in the activation of the TNF-α pathway and results in

inflammation. Recently, an enthalpy screening performed in our laboratory identified Lys311 in the binding

pocket of the BIR3 domain of XIAP as possible target to engineer increased potency and selectivity in

AVPI-type ligands.

1 

On these premises, we report a new generation of compounds capable of covalently interact

with the BIR3 domain of XIAP exploiting the nucleophilic nature of the Lysine ɛ–amino group, an ideal

substrate for aza-Micheal addition. We were able to show how these new molecules selectively reacts only with

the Lys311 of XIAP, without cross reacting with the close neighbor Lys322, conserved across the multiple IAPs.

We also found that by carefully tailoring the P4 position of the AVPI sequence, in combination with the covalent

warhead in P2, complete selectivity for the BIR3 domain of XIAP in in-vitro experiments was attained. The

obtained compounds were tested against leukemia and multiple myeloma cell lines in proliferation assays were

they out-performed LCL-161, a non-selective IAPs inhibitor currently in Phase II. As a further proof of their

therapeutics importance, they were also able to restore gemcitabine activity when tested against resistant

pancreatic cancer cell lines. Further studies on the pharmacokinetics properties of these compounds are currently

ongoing.
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EphA2 is a tyrosine kinase receptor overexpressed in several types of cancers and it is often correlated with poor

prognosis. Development of novel, targeted anti-cancer therapies requires the design and optimization of selective

tumor-targeting agents that are not only potent, but are also stable and amenable to conjugation with

chemotherapeutic drugs. While short peptides represent potentially an excellent platform for these purposes, they

are often degraded and eliminated too rapidly in in vivo. Our lab investigated novel tumor-homing agents,

namely agonistic peptides of 10-13 amino-acids, targeting the EphA2 ligand-binding domain. As expected, since

EphA2 activation requires clustering of its natural ligand, ephrins, we found that dimeric versions of these agents

are very effective in inducing receptor dimerization and internalization. Moreover, our in vivo efficacy studies

also showed that when our EphA2-tareting agent (123B9)2 was conjugated to paclitaxel (PTX), it was very

effective in capturing and killing EphA2-expressing breast cancer cells in a metastatic mouse model [1].

However, these agents are still relatively weak in potency, with affinities in the double digit micromolar range

for the EphA2. Hence, we further optimized 123B9, leading to the identification of 135B12, with affinity in the

low micromolar range, which was used subsequently to produce a crystal structure of it in complex with EphA2.

Modification of the 135B12 sequence, guided by the crystal structure, led to the synthesis of 135H11 (affinity in

the nanomolar range), that is to date the most potent agonistic agent of its class. 135H12, the dimeric version of

135H11, was tested alone in EphA2-overexpressing cancer cell lines and showed, at low doses, a remarkable

ability to (i) induce EphA2 degradation, (ii) decrease cancer cell proliferation, (iii) restore sensitivity to

chemotherapeutic agents in resistant cell lines, and (iv) inhibit tumor cell migration. The extent of these effects is

currently being investigated in mouse models to assess the efficacy of 135H12 as a single agent or in

combination with other chemotherapeutic drugs.
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Glycolysis is a non-oxidative metabolic pathway in which glucose is degraded by cells to generate ATP

(adenosine triphosphate), i.e. energy. While healthy cells are only favoring this pathway in hypoxia conditions,

many cancer cells favour glycolysis to generate ATP, even in the presence of oxygen. Hence, the glycolytic rate

can be up to 200 times greater in malignant rapidly-growing tumor cells than in healthy cells. This switch of

energy metabolism in cancer cells to the process of “aerobic glycolysis” is known as the “Warburg Effect”.

1

Glycolysis is regulated by several enzymes, including phosphofructokinases, which catalyze several irreversible

reactions in the course of this metabolic pathway. 6-phosphofructo-1-kinase (PFK-1), which converts

fructose-6-phosphate (F6P) in fructose-1,6-bisphosphate (F1,6-BP), is considered to be the rate-limiting enzyme

in the process of converting glucose into pyruvate, the precursor of anaerobic ATP production. PFK-1 is

allosterically activated by fructose-2,6-bisphosphate (F2,6-BP) which is synthesized from F6P by

phosphofructokinase-2 (PFK-2). Four isoforms of the PFK-2 family are known, namely PFKFB1, PFKFB2,

PFKFB3, and PFKFB4. Many cancer types such as colon, prostate, pancreatic, breast, thyroid, leukemia, lung,

ovarian tumors, exhibit an overexpression of the hypoxia-inducible form PFKFB3.

 1

 Thus, PFK-2 and in

particular its PFKFB3 isoforms constitute promising targets for cancer therapy using small molecules inhibiting

their action. In this optic, we report a novel series of compounds identified as potent PFKFB3 inhibitors.

Docking as well as crystallographic studies pointed out binding to the ATP site of the kinase domain and

allowed for structure driven potency optimization. Several compounds displayed low nanomolar activity on

target as well as potent inhibition of cellular production of F-2,6-BP, and may prove useful as tool compounds to

better understand the role of the PFKFB3 enzyme in cancer metabolism, cell cycle, apoptosis and angiogenesis,

besides holding great potentials to find a lead compound for further development and optimization in our search

for new anticancer drugs.
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Irreversible ligands have been proven to be useful pharmacological tools in the study of structural and functional

features in drug receptor pharmacology of G protein-coupled receptors (GPCRs).

[1]

 Recent advances in the field,

which made it possible to obtain ligand-bound X-ray structures by co-crystallizing GPCRs with covalently

bound probes, have been one of the major drivers behind the increased interest in the development of novel

irreversible probes targeting GPCRs. Here, we will present our quest to solve the first X-ray structure of the

adenosine A

1

 receptor. This includes our efforts to obtain the first X-ray structure of the adenosine A

1

 receptor,

which was stabilized using DU-172, an irreversible antagonist (Figure 1).

[2]

 Furthermore, we have successfully

designed, synthesized and evaluated novel irreversible agonists of the adenosine A

1

 receptor  (Figure 2).

[3]

 Four

of these compounds, were shown to possess similar potency and efficacy to the reference high efficacy agonist,

NECA, in an assay of ERK1/2 phosphorylation assay and two irreversible agonists demonstrated an ability to

stabilize purified, detergent-solubilised adenosine A

1

 receptors in a ThermoFluor assay to a significantly higher

degree than NECA. Thus, these results offer an attractive starting point for a range of experiments including our

quest to solve the first active-state X-ray structure of the adenosine A

1

 receptor.
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Covalent inhibitors are compounds that form a covalent link with a functional group of the target enzyme or

protein. Because the reactive functional group of the inhibitors may react with different enzymes and proteins,

resulting in dangerous off-target effects, they have rarely been considered as starting points in molecularly

targeted drug discovery programs. However, covalent inhibitors have recently been developed as targeted

covalent drugs such as afatinib, neratinib, ibrutinib, etc., by suppressing reactivity to the other biomolecules.

1)

The naturally occurring syringolin A (1) irreversibly inhibits proteasome by an oxa-Michael addition of the

hydroxy group of the N-terminal threonine residue on the b5 subunit to the a, b-unsaturated carboxamide moiety

embedded in the macrolactam.

2)

 The process to form a covalent complex involves several steps (Figure 1). In the

first step, a covalent inhibitor associates with its target protein via non-covalent interactions to form an

inhibitor-protein complex, defined by the binding affinity K
i

. A chemical reaction then takes place between the

inhibitor and the protein to form a covalent complex, defined by the reaction rate k
2

. Structure-based drug design

using coordinates of a complex structure of a ligand and protein is a valuable approach, which allows us to

rationally design inhibitors. However, this method is not always useful for designing covalent inhibitors because

an X-ray crystal structure of covalent inhibitor/protein complexes is the reaction product and does not always

reflect the association state. Therefore, detailed analysis of each step is necessary in the rational design of

covalent inhibitors. We performed a systematic structure activity relationship (SAR) study and kinetic analysis

of a series of syringolin analogues consisting of macrocycles with different ring sizes. Based on the obtained

information, we developed a novel potent proteasome inhibitor (2). Details of the synthesis and its kinetic

analysis of the analogues will be presented.
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Compound D2AAK1_3 (see below) was designed as a modification of the lead structure D2AAK1 (an in vivo
active multi-target compound with nanomolar affinity to a number of aminergic GPCRs)[1,2] and synthesized in

the reaction of 5-ethoxyindole and 1-benzyl-4-piperidone in methanol/KOH. This compound has affinity to

human dopamine D

2

 receptor with K

 i

 of 151 nM.

The aim of studies was structural and thermal characterization of the compound D2AAK1_3. In particular, X-ray

studies, molecular docking and molecular dynamics as well as thermal analysis were performed [3].

The studied compound crystallizes in orthorhombic system, in chiral space group P2

1

2

1

2

1

. The compound has a

non-planar conformation. The dihedral angle between planes of benzyl group and indole moiety is 85.6(1) Å.

The structure of compound is stabilized by a week N1-H1a···N2 hydrogen (d

D···A 

= 3.223(3) Å) bonds which

leads to formation of one-dimensional chains running parallel to the [001] direction.

The studied compound was docked to the novel X-ray structure of the human  dopamine D

2

 receptor in the

inactive state (PDB ID: 6CM4) and established the main contact between its protonatable nitrogen atom and

Asp(3.32) of the receptor as expected for orthosteric ligand of aminergic GPCRs. The obtained binding pose was

stable in molecular dynamics simulations.

Thermal stability of the compound was investigated using TG-DSC technique in air atmosphere. The studied

compound is characterized by good thermally stability. During heating under oxidizing conditions, the first

change has been recorded on the DSC curve as the endothermic peak (T

peak

 = 154 °C) and is associated with

melting process. The enthalpy of fusion calculated from DSC is 26.42 kJ mol

-1

. The combustion and thermal

degradation of compound start over 200 °C and proceeds in three stages. The first step (204-389 °C) is

characterized by a thermal decomposition of the greater part of the compound (54.41%) and probably is mainly

associated with the defragmentation, release of volatile products and their combustion processes. The formed

unstable products undergo further decomposition process which is not clearly marked on TG curve but it has

been recorded on DTG curve. The last stage is observed in the temperature range 458-650 °C and corresponds to

the complete destruction and combustion of the remaining parts of the compound. In order to better understand

the mechanism of thermal decomposition of compounds the TG-FTIR analyses in air and nitrogen atmosphere

were also performed.
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Cancer is one of the most prominent health issues responsible for more than 1 million deaths per year in EU,

costing annually more than billion euros. One of the emerging strategies for overcoming the drawbacks of the

available anticancer therapeutics is the development of hybrid agents, composed of two distinct pharmocophores

1

.

In continuing our work on the synthesis and evaluation of hybrid molecules

2

 we have synthesized two series of

new hybrids in which 7-chloro-4-aminoquinoline is linked with two different linkers to a benzimidazole amidine

moiety. Moieties have been chosen, because both of them show anticancer activity. Several

7-chloro-4-aminoquinoline based antimalarial therapeutics are tested for their anticancer activity, two of them

(chloroquine and hydroxychloroquine) are currently investigated in clinical trials for cancer therapy

3

. On the

other hand benzimidazole moiety is found in many known pharmaceuticals, displaying besides anticancer a

variety of biological effects, also positively charged amidine groups are known for their cellular and nuclear

uptake.

Novel compounds were evaluated for their in vitro cytotoxic activity against normal epithelial (MDCK1), cervix

adenocarcinoma (HeLa), colon adenocarcinoma (CaCo2), and leukemia (K562 and RaJi) cell lines using MTT

assay.
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Heart failure is one of the leading causes of death due to various cardiovascular diseases, and its prevalence has

become a serious global health problem. Since urotensin-II (U-II), a natural peptide ligand, is the most potent

known vasoconstrictor, U-II and the urotensin-II receptor (UT) have recognized as one of the most potential

therapeutic targets for treatment of cardiovascular diseases. U-II is a disulfide-linked cyclic neuropeptide that is

expressed in various tissues and their function is regulated by UT or GPR14 as a G protein-coupled receptor.

When U-II ligand binds to the UT, it affects control of a variety of physiological effects associated with a wide

range of cardiovascular function such as hypertrophy, vasoconstriction, vasodilation, and cell proliferation

through a complex signal transduction. Furthermore, a number of basic and clinical studies demonstrate that

expression of UT is low or rarely found in normal myocardium, whereas plasma concentration of U-II and tissue

expression of U-II and UT is found to display high levels in numerous cardio-renal diseases, including

hypertension, heart failure, and atherosclerosis. Thus, these findings suggest that UT is considered to be a

promising pharmacological target for treatment of heart failure and other cardiovascular diseases. Indeed, several

UT antagonists have been found to have anti-hypertrophic effects in animal models.Despite great efforts devoted

to the development of various pharmacophore derivatives of UT antagonists in several pharmaceutical

companies, development of novel and potent UT antagonists is still required. In our continuing efforts, we

utilized a virtual screening approach using Ligand Scout 3.0 (inte:ligand) to uncover new chemical scaffolds that

could serve as UT antagonists. This study led to the identification of 1,3,4-thiadiazole ureas possessing the

aryloxymethyl group at C-5 as hit compounds. And further SAR and optimization studies, probing the effects of

aryloxymethyl group at C-5 on the 1,3,4-thiadiazol-2-amine moiety containing N
-(3-chloro-4-(piperidin-4-yloxy)benzyl) group, led to the identification of the 3,4-dichloro analog, a highly

potent UT antagonist with an IC

50

 value of 0.13 μM. 
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Approximately 1.2 million people in the UK are diagnosed with Chronic Obstructive Pulmonary Disease.

1

 One

of the main treatments for this disease are β

2

-Adrenoceptor (AR) Agonists. Although there may be a plethora of

this type of drug available, each have been shown to activate β

1

ARs; Thus increasing heart rate, which can lead

to complications for those with heart disease.

2

 We investigated the high β

1

 selectivity of the AR antagonist

CGPA 20712A and identified the pharmacophores that determine the high β

1

 selectivity and then carried out

SAR. Following this we designed and synthesised a range of bivalent compounds, consisting of a β

2

AR agonist

linked to a β

1

AR antagonist, such as (1). A number of these compounds have similar affinities at the β

1 

and β

2

AR but are significantly more potent at the β

2

AR.                              

References

1) Snell, N. Strachan, D. Hubbard, R. Gibson, J. Gruffydd-Jones, K. Jarrold, I. Epidemiology of chronic obstructive

pulmonary disease (COPD) in the uk: findings from the british lung foundation’s ‘respiratory health of the nation’ project.

Thorax, 2016, 71(3), A20.

2) Baker, J. G. The selectivity of β-adrenoceptor agonists at human β1-, β2- and β3-adrenoceptors. British Journal of

Pharmacology 2010, 160, 1048-1061.

P038

COVALENT INHIBITION WITH A TERMINAL ALKYNE AS AN

‘INERT’ ELECTROPHILE

Elma Mons (1), Ineke Jansen (2), Bjorn van Doodewaerd (1), Stan van Boeckel (3), Boris Turk (4), Huib

Ovaa (1)

1) Department of Chemical Immunology, Leiden University Medical Center, Leiden, The Netherlands
2) Department of Periodontology, Academic Center For Dentistry Amsterdam (ACTA), Amsterdam, The Netherlands

3) Leiden Institute of Chemistry, Leiden University, Leiden, The Netherlands
4) Department of Biochemistry and Molecular and Structural Biology, J. Stefan Institute, Ljubljana, Slovenia

Irreversible covalent inhibitors were disfavored until the recent development and approval of kinase inhibitors

Afatinib and Ibrutinib.

[1] 

Utilizing an acrylamide as the electrophile, these inhibitors form an irreversible

covalent bond with a non-conserved cysteine at their binding site. Protein activity can only be restored by de
novo protein synthesis, resulting in a therapeutic effect that could last long after the inhibitor is cleared from the

blood. Acrylamide moieties also form irreversible covalent bonds with non-targeted thiol residues, and the safety

profile of irreversible inhibitors could be improved with the use of latent electrophiles such as terminal alkynes.

Terminal alkynes are generally considered ‘inert’ towards cellular components, and are therefore often used in

bioorthogonal approaches as chemoselective ‘Click’ handles. However, in our group it was shown that a

propargyl moiety on the C-terminus of Ubiquitin reacts in an activity-based manner with the catalytic cysteine

residue in DUBs (DeUbiquitinating enzymes).

[2] 

The lack of indiscriminate reactivity with thiol residues in

non-targeted proteins or with excess thiols suggested a proximity-driven reactivity. Utilizing the alkyne moiety

in a small molecule inhibitor could thus reduce adverse effects resulting from covalent off-target interactions.

We introduced propargyl derivatives onto the scaffold of Odanacatib (ODN), a selective inhibitor of Cathepsin K

(CatK).

[3] 

CatK is one of the most important cysteine proteases in bone degradation, and its aberrant activity has

been implicated in diseases such as osteoporosis, osteoarthritis, bone metastasis and giant cell tumor of the bone.

The alkyne moiety was positioned to be in close proximity of the catalytic cysteine residue on the active site,

utilizing the alkyne moiety as a latent electrophile. Evaluation of the biochemical properties and inhibitory

activity revealed that the compounds inhibit Cathepsin K activity with high selectivity compared to other

Cathepsins. Inhibition of CatK activity was found to be irreversible, in activity assay on recombinant enzyme as

well as in a functional bone resorption assay with human osteoclasts. Intact protein MS confirmed the formation

of a covalent inhibitor-CatK complex. Further evaluation of the biological implications is ongoing.
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The ε-N-acetylation of lysine residues on histone tails is one of the most prevalent post-translational

modifications. Bromodomains are protein modules (ca. 110 amino acids) that specifically recognize (read) these

acetylated marks, mediating protein-protein interactions and their downstream biological function. Therefore,

bromodomains are interesting targets for “reprogramming” the epigenome with the potential to access a

previously unexplored therapeutic space.[1] Out of 61 different bromodomains identified in humans, BRD4(1)

and the BET family have been the most investigated so far, leading to inhibitors already in phase II clinical

trials.[2] In sharp contrast, the biological relevance of other bromodomains, like the CREBBP/EP300, remains

unclear.

Originating from an in silico fragment–based approach, our group has successfully designed, synthesized and

biologically characterized a series of acetylbenzene derivatives as low nanomolar CREBBP ligands.[3] They

display unprecedented selectivity against the more accessible BRD4(1) bromodomain. Lead compounds from

this campaign have been further derivatized into a series of functional probes using a newly developed linking

strategy. Fluorescent probes, PROTACs and HyT probes have been synthesized and optimized in terms of

solubility, cell permeability and metabolic stability. These valuable tool compounds will enable us to

systematically modulate the activity of CREBBP and to study comparatively the differences between its

inhibition and degradation in relevant in vivo models. 
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Selenium (Se) is a micronutrient for humans with well-proven effects over the redox system. Low serum Se

levels are associated with higher risk and poor prognosis of several cancers. For the last few years, mounting

evidences have demonstrated that the incorporation of Se atom into organic frameworks is an attractive strategy

in Medicinal Chemistry to design anticancer agents.

Continuing with our efforts to develop new Se containing small molecules [1], herein we present the synthesis,

structure characterization and pre-clinical evaluation of our newly developed compound AS-10

[2-((3-(2-acetoxybenzoyl)-1,3-selenazolidin-2-ylidene)carbamoyl)phenyl acetate].

AS-10 was selectively lethal to a variety of cancer cells as shown by NCI-60 Human Tumor Cell Lines Screen

results. AS-10 presents a mean growth percent value of -37.86% for all sixty cell lines, with melanoma, renal

and central nervous system (CNS) cancers being dramatically sensitive. Also, interestingly, AS-10 inhibited

pancreatic cancer (PC) cells growth (IC

50

 2.5-5.0 µM) for which no effective therapy currently exists. AS-10

induced G1/G2 cell cycle arrest which was associated with increase of cell cycle inhibitory proteins p21 and p27,

and induced apoptosis as evidenced by caspase 3/7 activity, PARP cleavage and Annexin V staining. AS-10 also

inhibited NF-κB DNA binding activity as well as NF-κB translocation to the nuclei upon stimulation by TNFα.

Notably, AS-10 potentiated cytotoxic activity of gemcitabine in PC cells. Furthermore, in LNCaP prostate

cancer cells, AS-10 decreased protein level of AR and its best known target PSA, and led to increased

caspase-mediated apoptosis and expression of p53-DNA damage response proteins such as p21 and p-H2A.X. 

AS-10 induced ROS in cancer cells as likely primary biochemical event. Finally, AS-10 (47 mg/kg, i.p) inhibited

subcutaneous colon tumor growth by ~70% without any apparent systemic toxicity.

Intellectual disclosure. All the information presented here is under protection: U.S. Utility Patent Application

No. 15/457,587. The Penn State Research Foundation.
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1,4-Phenylenebis(methylene)selenocyanate (p-XSC) has been shown to inhibit tobacco carcinogen NNK induced

lung tumor development in several animal models. This had placed p-XSC on the National Cancer Institute´s

(NCI) list of chemopreventive agents for clinical development, but there were systemic toxicity issues. p-XSC

metabolizes through the formation of active bis-selenol (p-XSeH) along with the release of poisonous hydrogen

cyanide (HCN). We recently developed p-XS-Asp, with a rationale that it would cleave in vivo to release the

active p-XSeH and aspirin, thus making the compound less toxic and possibly more potent than p-XSC. Indeed,

we previously presented (AACR Annual Meeting 2014) that p-XS-Asp inhibited NNK-induced lung

tumorigenesis in A/J mice more effectively than p-XSC, and was also more tolerable. At doses of 15 ppm and

7.5 ppm Se, p-XS-Asp showed a significantly marked decrease in the percentage of lung cancer incidence in vivo

with only 50% and 87% of tumor incidence, as compared to p-XSC (79% and 100%), respectively. NNK-control

showed an 100% tumor incidence. Likewise, the tumor multiplicity for p-XS-Asp group was 0.87 and 1.93

tumors/mouse as compared to the NNK-control (11.53) and p-XSC (1.66 and 4.10 tumors/mouse, respectively)

at the two doses tested. Notably, blood chemistry and tissue analyses did not show systemic toxicity for the p
-XS-Asp fed group.

We have now evaluated the underlying mechanisms of lung cancer preventive action of p-XS-Asp and its

efficacy for inhibiting azoxymethane (AOM)- and dimethyl hydrazine (DMH)-induced Aberrant Crypt Foci

(ACF) in Fischer F344 rats. At a dose of 7.5 ppm Se, p-XS-Asp was able to restore the expression of several

genes (MMP9, COX-2, Myc, SphK1 and RELA), that were over-expressed in the NNK group, to control or even

lower levels. The AKT1 gene expression was much lower in the lung tissue of p-XS-Asp treated mice at this dose

compared to both negative and NNK control groups. Therefore, p-XS-Asp might be exerting its

chemopreventive effect on NNK-induced lung tumorigenesis via inhibiting COX-2 mediated PI3K/Akt signaling

pathway.

Interestingly, contrary to the striking inhibition of lung tumorigenesis, p-XS-Asp failed to significantly inhibit

AOM- or DMH-induced formation of ACF in Fischer F344 rats. In both AOM and DMH models, aspirin

(positive control) significantly reduced the number of ACF and large ACF per area (cm

2

) by 37.4% and 33.8%,

respectively. On the other hand, both p-XSC and p-XS-Asp showed no significant inhibitory effect on the

formation of ACF and large ACF.

Taken together, our results have shown p-XS-Asp to selectively prevent the lung, but not colon, tumorigenesis,

and thus is a promising candidate for further development as a lung cancer preventive agent. p-XS-Asp, thus is a

promising candidate to future clinical evaluation as a lung cancer preventive agent, particularly in high-risk

populations such as smokers.
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Selenium (Se) is a micronutrient for humans with well-proven effects over the redox system. Low serum Se

levels are associated with higher risk and poor prognosis of several cancers. Recently, selenization of small

molecules, meaning the introduction of a Se atom into an organic framework, has led to the development of

several molecules with unique features. The chemical form by which Se is incorporated has demonstrated to be a

crucial limiting factor to achieve the improvements on potency and selectivity of different small molecules

against cancer.

Traditionally, incorporation of selenocyanate functionality has achieved several compounds with potent

anticancer and/or chemopreventive activity in vivo, i.e. 1,4-phenylenebismethylene selenocyanate (p-XSC).

More recently, modification of two non-steroideal anti-inflammatory drugs (NSAIDs), celecoxib and aspirin,

yielded hybrid molecules with an outstanding increase in the antitumor effect of these Se-NSAIDs compared

with the parent NSAIDs. Other functionalities used encompass methylseleno, diselenide and selenourea, i.e.
PBISe and EI201, whom also present a significant increase in the potency.

Another modification worth mentioning is the inclusion of the Se atom in an ‘endo’ position of heterocyclic

derivatives. This approach has achieved ebselen and AS-10, the former being under clinical development, that

demonstrated potent and selective antitumor activity.

To conclude, we believe that selenization of small molecules is a relatively unexplored and very promising

approach to confer exceptional characteristics to a plethora of skeletons towards cancer.
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A series of sixteen new diselenide-selenourea conjugates have been designed following a fragment-based drug

design strategy. All compounds have been characterized and required purity to perform biological evaluation has

been confirmed. In vitro cytotoxicity potential has been evaluated against a panel of six cancer cell lines

(MCF-7, PC-3, HT-29, HTB-54, CCRF-CEM and K-562) and two non-malignant derived cell lines (184B5 and

BEAS-2B) in order to assess their potency and selectivity. Results revealed that MCF-7, CCRF-CEM and PC-3

were the most sensitive cell lines. Six of the tested compounds exhibited GI

50

 values under 10 μM in at least four

cancer cell lines. Structure-wise those derivatives containing heterocyclic endings proved to be much more less

selective than their carbocyclic homologs. Derivatives 2 and 7 were selected due to their high selectivity for

breast adenocarcinoma cells and potency with GI

50

 values of 1.30 and 0.15 nM. Moreover, selectivity indexes

were 12 and 121 times higher than those obtained for doxorubicin and were consequently selected to further

study their mechanism of action. Preliminary mechanistic studies were carried out for those two hit compounds

and proved that both derivatives arrest cell cycle in phase G2/M and that cell death is autophagy-mediated. This

hypothesis was confirmed by the blockage of cell death with pre-treatment with wortmannin or chloroquine and

the upregulation of the markers Beclin-1 and LC3B in MCF-7 cells. The potent antiproliferative activity in

MCF-7 cell line in the nanomolar range with concomitant staggering selectivity index, highlights the potential of

3,5-dimethoxyphenyl analogue (7) as a new candidate to become a drug with clinical prospective against breast

cancer.
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SMALL MOLECULES CONTAINING SELENIUM AS

CHEMOTHERAPEUTIC AGENTS

Ana Carolina Ruberte (1), Carmen Sanmartin (1), Ignacio Encío (2), Daniel Plano (1)

1) Universidad de Navarra, Departamento de Química Orgánica y Farmacéutica, Facultad de Farmacia y Nutrición,
Campus Universitario, 31080, Pamplona, Spain. IdiSNA, Instituto de Investigación Sanitaria de Navarra

2) Department of Health Sciences, Public University of Navarra, Avda. Barañain s/n, E-31008 Pamplona, Spain

Over the last years, several seleno-compounds such as ebselen (EBS) and PBISe have demonstrated to be

promising compounds for therapy and prevention of diseases related with reactive oxygen species generation [1,

2]. For these reasons, we consider selenium might be an important tool in the development of new drugs.

Based on our experience in the development of innovative drugs as chemotherapeutic agents, we have designed

and synthesized 37 novel seleno-compounds grouped in two series. The first one is formed by selenadiazoles, the

position 5 being modulated with different amides. The second one comprises selenoureas with several

substituents in N and N’. Cytotoxic activity for both series were determined in several cancer cells by MTT and

the apoptotic status and cell cycle analysis of the cells were based on the TUNEL technique. Likewise, their

radical scavenging activity was determined using the DPPH assay.

Three selenadiazole derivatives exhibited higher cytotoxic activity than EBS in solid tumors, along with higher

selectivity indexes. The cytotoxic activity of the hit compound was remarkable in MCF-7 cells. Nevertheless, its

cytostatic effect was independent of apoptosis induction or cell cycle modulation. The antioxidant capacity of

four compounds was greater than EBS. On the contrary, selenourea derivatives possess potent cytotoxic

activities in breast and prostate cells along with outstanding antioxidant effects. These derivatives present similar

antioxidant capacity than ascorbic acid at high doses, some of them presenting higher antioxidant activity at low

doses. Currently, the mechanisms implicated in both effects showed by these selenoureas are being

characterized.

These series of compounds can serve as an excellent scaffold to achieve new and potent antioxidant compounds

useful for several diseases, i.e. cancer, neurodegenerative, heart diseases and leishmaniasis, considering the high

antioxidant activity and low toxicity showed by both series.
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SYNTHESIS OF SULFONIMIDAMIDE (SIA) BASED AMINO ACID

BUILDING BLOCKS
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1) Department of Medicinal Chemistry, Drug Design and Discovery, Uppsala University, Sweden
2) Medicinal Chemistry, Cardiovascular and Metabolic Diseases, Innovative Medicines and Early Development,

AstraZeneca R&D, Gothenburg, 431 83 Mölndal, Sweden
3) Science for Life Laboratory, Drug Discovery and Development Platform and Division of
Translational Medicine and Chemical Biology, Department of Medical Biochemistry and

Biophysics, Karolinska Institutet, Stockholm, Sweden

Amide bond isosteres, unnatural amino acids and secondary structure mimetics are important building blocks

useful in the development of pseudopeptides or peptidomimetics.

[1]

 Development of such surrogates constitute

an important research area in peptide drug discovery aiming to modulate physiochemical properties of peptides

while keeping/enhancing their biological activity as well as selectivity against biological target.

Expanding on the recent tactical application of bioisosteres

[2]

 i.e., sulfur−aza class of analogues,

[3]

 Arvidsson

group recently highlighted an emerging interest of sulfonimidamides (SIA) in contemporary drug design.

[4]

 SIA

is a chiral functional group that offers a wide range of advantages in drug design, like to construct high-quality

compound libraries.

[5]

 Sulfonimidamides (SIAs) have an extra "N" atom/handle in comparison with sulfonamide

and imine N-substituents of sulfonimidamide are known to tune the physicochemical and biological properties.

[6,7]

 For instance, enhanced lipophilicity and metabolic stability can be achieved. Also, single atom alterations

are known to significantly improve the activity of the parent molecule.

[8]

 The full potential of sulfonimidamides

in regard to stability as well as biological activity needs to be further exploited in biologically relevant

molecules.

Fig. 1 Synthesis of sulfonimidamide based amino acid building blocks

This poster summarizes our recent synthetic approaches to sulfonimidamide based amino acid building blocks

(Fig. 1) and discusses the future opportunities in peptide chemistry utilizing solution phase and solid phase

peptide synthesis.
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Reactivation of the tumor suppressor protein p53 is an attractive anticancer therapeutic strategy. One way to

reactivate p53 is by inhibiting the p53-MDMs interactions. In this way, p53 can be liberated and act again as a

tumor suppressor. Currently, nine small molecules that inhibit MDM2 have reached clinical trials. However, it is

now considered that, for full p53 reactivation, dual inhibition of p53-MDM2 and p53-MDMX interactions is

required. Previously, the preliminary screening of tryptophanol derivatives in yeast cell models to search for p53

activators led to the identification of the hit tryptophanol-derived oxazoloisoindolinone SLMP53-1. This small

molecule showedp53-dependent anti-proliferative activity in human wild-type (wt) and mutant (mut)

p53R280K-expressing tumor cells, and was selected for further optimization [1]. From this work, we developed

compound DIMP53-1, a small molecule that inhibits the growth of wt/mut p53-expressing tumors, but not of

p53-null tumors [2]. In this communication, we will present our optimization efforts on SLMP53-1. Synthesis,

structure-activity relationship study, biological evaluation, and stability studies of a chemical library of

enantiopure tryptophanol-derived oxazoloisoindolinones will be presented. 
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RAPID ACCESS TO NOVEL MULTIFUNCTIONAL SPIROCYCLIC

CORES FOR DRUG DISCOVERY
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Trends in drug discovery are changing rapidly. During the past decade, terms “Scaffold hopping,” “Escape the
Flatland” and “Conformational restriction” have been introduced, and have already found huge practical

application. Spiro compounds are especially interesting, because they are intrinsically both - 3D-shaped and

conformationally restricted.

1

In this work, we have rationally designed, synthesized and applied a library of novel multifunctional spirocyclic

cores for drug discovery. Details of the synthesis and application of the obtained compounds will be discussed.

2-7
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“Conformational restriction” concept has already gained a considerable attention in medicinal chemistry.

1

 Scientists are looking more and more now on 3D-shaped saturated building blocks.

2,3

 In this context,

intrinsically conformationally rigid bicyclic amines seem to be promising for drug discovery.

In this work, we have rationally designed, synthesized and applied a library of novel/previously scarcely

available diverse bicyclic amines in medicinal chemistry.

4-6

 The key synthesis step was photochemical

[2+2]-cyclization. Details of the synthesis and application of the obtained compounds will be discussed.
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Protein-protein interactions (PPIs) are constituents of numerous biological pathways and offer therapeutic

intervention points into different pathologies such as cancer

1

, inflammation

2

, neurodegenerative

3

 and metabolic

diseases

4

.

Since stabilisation of PPIs has not yet been explored in a systematic way, the TASPPI (TArgeted small-molecule

Stabilisation of Protein-Protein Interactions) consortium

5

 aims to identify chemical PPI stabilisers in order to

develop new crucial therapeutic strategies in the treatment of the disease areas mentioned above.

The Taros fragment collection was selected as the compound source for developing small molecules able to

stabilise the complexes of 14-3-3 protein and its partners. The collection is Ro3-compliant

6

 and

three-dimensionality and shape diversity have been emphasized as design parameters during the generation

process of the library.

The physicochemical properties distribution of the fragment set (Figure 1, a-d) will be presented together with

selected examples of novel structures originating from the proprietary collection of Taros.

The design was inspired by two main sources: (i) natural compounds and (ii) known scaffolds from drug

discovery campaigns. Nicotine-like fragments (Figure 1, e) represent the perfect match between these two

strategies that produced an interesting original Biocore

7

 – the 1,3,5-trisubstitued triazole – and showcases a new

concept in fragment design named “SAR by Biocores”. To date, the fragment collection comprises approx. 1.100

fragments and offers ample opportunities for expansion.

Fluorescence polarization, differential scanning fluorimetry, X-ray crystallography and NMR-based techniques

have been applied by the consortium members during the primary screening and led to the identification of novel

hits binding to different 14-3-3 complexes. These novel binders represent an important starting point for future

medicinal chemistry-based fragment evolution campaigns.

Figure 1. a-d) Physicochemical properties of the Taros fragment collection. a) MW and clogP correlation . b)

Distribution of H-bond acceptors/donors and rotatable bonds. c) Polar Surface Area (PSA) distribution. d)

Saturation index (fsp3) distribution (0 = completely flat, 1 = highly trhee-dimensional). e) Nicotine-like fragment

structural evolution.
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Integrins, a group of 24 heterodimeric transmembrane proteins, mediate cell-cell and cell-extracellular matrix

interactions via interaction with proteins such as fibronectin and vitronectin. Due to their involvement in cancer

metastasis, in particular integrins α

v

β

3

, α

v

β

5

 and α

5

β

1

, they are considered potential targets for cancer therapy.

Bicyclic peptides recently attracted interest as a powerful platform for novel therapeutics because of their high

binding affinities and proteolytic stability. We therefore screened hundreds of different bicyclic peptides for

binding to integrins α

v

β

3

, α

v

β

5

 and α

5

β

1

, which are overexpressed in various cancer cell lines, and gradually

improved the affinities and selectivities. The best IC

50

 values were, for example, 30 nM for α

v

β

3

 (GRGDS:

5 µM, knottin-RGD: 38 nM), and 90 nM for α

5

β

1

 (GRGDS: >10 µM, knottin-RGD: 114 nM). We also studied

integrin-binding on cells via confocal microscopy with Cy5-functionalized bicycles. Finally, cell behavior

studies with peptide-functionalized soft 3D hydrogels and elastin-like recombinamers (ELRs) revealed superior

cell adhesion and proliferation of the bicycles compared with conventional RGD-peptides.

a) Screening approach for high integrin-affinity bicyclic RGD-peptides; b) HeLa cells stained with a

Cy5-functionalized integrin α

5

β

1

-selective RGD-bicycle.
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NOVEL ANTI-DIABETIC AGENTS
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 Excessive hepatic glucose output is a key factor leading to fasting hyperglycemia and postprandial

hyperglycemia in type 2 diabetes patients. Fructose-1, 6-bisphosphatase (FBPase), acting as a rate-limiting

enzyme in gluconeogenesis pathway, plays an important role in the control of blood glucose. Furthermore,

FBPase inhibitors have been verified to be capable of reducing hepatic glucose production and lowering blood

glucose levels in animal models of diabetes. Therefore, Inhibition of FBPase may become a new strategy for the

development of novel antidiabetic agents.

In our efforts to search for novel FBPase inhibitors, various novel indole derivatives were designed and

synthesized, and their enzymatic inhibitory activities against FBPase were evaluated. As a result, a series of

potent and structurally novel lead candidates were identified with IC

50

 values at 10

-8

 M level. Among them, the

candidate BJB-2936 and its sodium salts were evaluated extensively in terms of pharmacodynamic and

pharmacokinetic properties. Long-term administration of BJB 2936 and its sodium salts to diabetic animal

models (KKA

y

 mice) resulted in significant glucose lowering and HbA1c reductions. The FBPase activity of

liver in mice was inhibited in a dose dependent manner, and about 90% inhibition was achieved at an oral dose

of 200 mg/kg. The pharmacokinetic parameters of BJB2936 and its sodium salts in rats were also investigated. It

has been demonstrated that BJB2936 and its sodium salts were orally available.

In summary, a new class of structurally distinct N-arylsulfonyl indole-2-carboxamide was identified as FBPase

inhibitors. The pronounced glucose lowering potency and the acceptable pharmacokinetic properties warrant this

new class of FBPase inhibitors to be further developed as a novel therapeutic approach for the treatment of type

2 diabetes mellitus.
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DEVELOPMENT OF AN ENANTIOSPECIFIC SYNTHETIC ROUTE TO

HSP CO-INDUCER ARIMOCLOMOL AND IT'S ANALOGUES
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The Wnt signaling pathway has been shown to regulate crucial aspects of cell fate determination, organogenesis,

cell migration and polarity.

1

 Importantly, compromised Wnt signaling has been implicated in the perturbation of

synaptic integrity and function in Alzheimer’s disease (AD).

2

Palmitoleoylation of Wnt proteins is required for efficient binding to Frizzled receptors and the subsequent

signal transduction. The carboxylesterase Notum has been shown to act as a key negative regulator of the Wnt

signaling pathway in Drosophila by specifically mediating the depalmitoleoylation of Wnt proteins.

3,4

 Notum is

expressed in the mammalian central nervous system (CNS): Notum is upregulated at mRNA level in whole brain

lysates in AD model (APP-PS1 mice) and upregulated in human AD patient brain samples. We are currently

investigating the role of Notum in modulating Wnt signaling in the CNS. We propose that inhibition of Notum

could prolong Wnt signaling, with potential beneficial effects to neuronal health in AD.

To identify Notum inhibitors,

5 

a fragment library screening approach was performed using crystal soaking X-ray

crystallography. A robust primary fluorescence assay has been developed for the characterisation of Notum

inhibitors, along with a secondary, more biologically relevant, native substrate assay.

A number of novel fragment hits were identified as Notum inhibitors with micromolar affinity (1 uM to >1 mM).

A rational, structure based drug design (SBDD) process was used to generate highly potent (
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PEPTIDE MACROCYCLES THAT PERMEATE MEMBRANE

BARRIERS. COMBINING N-METHYLATION AND PRODRUG

APPROACHES
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There is significant interest in developing peptide macrocycles as inhibitors of protein-protein interactions,

which are generally considered to be difficult-to-drug targets. In recent years several groups

1-4

 have focussed on

the methylation of backbone amide nitrogen atoms as a means to enhance the passive permeability of peptide

macrocycles. In particular, N-methylated cyclic hexapeptides have been studied extensively and the impact of

N-methylation on lipophilicity and internal H-bonding has been shown to contribute to passive permeability.

2,4

While extraordinary enhancements in permeability are associated with the introduction of N-methyl groups in

peptides such as cyclo(Leu-Leu-Leu-Leu-Pro-Tyr),

1

 the inclusion of just a single polar or charged side chain

dramatically reduces permeability, limiting the applicability of this approach in the development of permeable 

and biologically active peptide macrocycles.

Here we describe the use of a prodrug strategy in concert with N-methylation to temporarily mask polar surface

area in order to confer permeability across biological membrane barriers. We designed and synthesised prodrug

derivatives of Asp, Glu, Lys, Ser and His-containing cyclic peptides that masked hydrogen bond donors but were

likely to be labile under physiological conditions. For each of the 6 polar amino acids investigated, we identified

a prodrug group that could recover peptide permeability. While thorough optimisation and development of

permeability groups for each polar amino acid is an ongoing focus for our group, these initial results highlight

the utility of this approach. Furthermore, we have shown that, while N-methylation, and potentially internal

hydrogen bonding, are important strategies for conferring membrane permeability to macrocycles, a prodrug

strategy may broaden the range of peptide macrocycles that can be designed to penetrate biological barriers.
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Fragment libraries are commonly assembled by Rule of 3 filtering followed by manual curation.  However, the

robust experimental data that ensures the proper physicochemical attributes needed for high-concentration

screening is often lacking and replaced instead by in silico calculations of uncertain predictive value. A fragment

collection with experimentally-determined aqueous solubility will address a major source of false positives and

attrition in fragment screening libraries: Aggregation, Stability, and Solubility.  

1

H NMR spectral data in

aqueous buffer will further enable practitioners to rapidly build fragment pools and initiate screening.

Diversity selection methods in shape, scaffold, fingerprint, and predicted property space combined with

industry-standard substructure filtering were used to select over 2,500 Key Organics compounds for

experimental profiling.  NMR and LCMS analysis allowed the careful selection of highly-soluble fragments with

desirable physicochemical and stability characteristics.   Importantly, the curated molecules are enriched in

cyclic scaffolds commonly found in drug candidates, and spans chemical space that minimally overlaps with

existing commercial collections.  This poster will summarize the experimental and cheminformatic features of

this next generation Key Organics ‘BIONET Premium Fragment Library’
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The emergence of drug resistance against important pathogens poses an ever-growing health threat. The pipeline

of novel drug candidates should be filled with molecules featuring an unprecedented mode of action and an

unprecedented chemical structure. We address both challenges by using multiple hit-identification strategies

targeting a novel and unexplored anti-infective drug target, called Energy-Coupling Factor (ECF) Transporter.

The ECF module is an integral membrane protein involved in the uptake of essential micronutrients.

1

Hence, the

inhibition of this transport should translate into a deficiency of vitamins in the bacterial cytosol. We embarked in

a structure based drug design (SBDD) of thiamine analogue as binders of ThiT, while to explore the large and

flexible substrate-binding pocket of the ThiT protein we used Dynamic Combinatorial Chemistry (DCC)

2,3

. A

structure-based virtual screening (SBVS) provided us with the first allosteric inhibitors of the transporter for

folate able to both reduce folate concentration in the cytosol and to reduce the bacterium growth. Additionally,

the excellent drug-like properties of this chemical class of compounds triggered a medicinal chemistry campaign

that turned out with the first inhibitors against the ECF transporters active against a plethora of pathogenic

Gram-positive organism (Staphylococcus aureus, Streptococcus pneumoniae, Enterococcus faecium).

4
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A blockbuster drug generates > $ 1 billion revenues per year. Each day not on the market corresponds to a loss

of > $ 2.7 million. Multiple benchmark reports suggest development costs of drugs are skyrocketing while the

introduction of novel drugs is decreasing or at best stagnating. Part of the problems can be attributed to the

preclinical drug discovery and development involving expensive high throughput screening (HTS) and

hit-to-lead campaigns using mostly traditional technologies.

Here we introduce a fundamentally novel approach towards preclinical drug discovery and development by

blending Instant Chemistry, nL dispensing, acoustic-MS, uHTS and artificial intelligence.

Acoustic droplet ejection (ADE) technology allows for the fast, contact-less and accurate transfer of very small

droplets (nL) from plate to plate of different high density formats. ADE has had a dramatic impact in different

technology areas, including drug discovery, cancer research and genomic research and is used in many

laboratories world-wide. However, ADE has never been used in miniaturization and acceleration of library

synthesis for uHT to dramatically accelerate the preclinical drug discovery cycle.

One-pot multicomponent reactions (Instant Chemistry, MCRs) are suitable to create very large libraries of small

molecules and macrocycles.[1-2] A prototype instrumentation platform is developed which allows for the

parallel synthesis of hundreds of libraries of scaffolds on an unprecedented dense format. The platform is

integrated with acoustic-MS for quality control and an efficient affinity-based mass-spectrometry screening

platform using the same high density format. Artificial intelligence is developed to ensure never-seen-before fast

cycle times for hit-2-lead progression.[3]

Here we will discuss the high throughput synthesis of muliple drug-like scaffolds, their corresponding analytics,

as well as initial screening efforts against several protein protein interactions.
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Proteolysis targeting chimeras (PROTACs) have recently received significant attention as a new modality for

therapeutic intervention (recently reveiwed in [1]). The technology is based on hijacking E3 ligases to tag a

protein of interest with ubiquitin for degradation by the proteasome. This involves the synthesis of a chimeric

ligand in which a compound that binds to the protein target of interest is linked to a second molecule that binds

an E3 ligase (usually either cereblon or VHL).

The linking of the two small molecule ligands is typically done through a polyethylene glycol (PEG) based

linker, consisting of 3 to 6 glycol units. The optimal linker length as well as the level of lipophilicity need to be

empirically determined using a relevant cellular assay (based on detection of protein amount, or a more

functional assay).

PROTAC molecules are typically around 1 kDa in size, and not seldom link together two molecules with

mediocre physico chemical properties (notably high LogP, low solubility). As a result, the synthesis, analysis

and purification of these compounds can be more challenging than is the case for traditional small molecule

ligands.

To address this challenge, we have developed a modular chemistry toolbox in which different linking strategies

are combined with optimised analytical routines. This approach allows for the rapid assembly of a

comprehensive set of different PROTAC molecules for any new target for which a ligand exists.

In our view, this approach can significantly speed up the development of potential PROTAC drugs, a process

that can be very laborious with the currently described tools.

In addition, we are developing novel linkers that go beyond PEG, with the goal of fine-tuning the properties of

the resulting bivalent compound.

An overview of our activities in this area will be presented.

References

1) Toure, M. & Crews, C.M. (2016) Small‐Molecule PROTACS: New Approaches to Protein Degradation, Angew. Chemie

Int. Ed. 55, 1966

152



P066

INTUITIVE WORKFLOW TO ENUMERATE AND EXPLORE LARGE

VIRTUAL LIBRARIES

Aishling Cooke, James Chisholm, Edmund Champness, Peter Hunt, Matthew Segall, Tamsin Mansley

Optibrium Ltd., Cambridge, United Kingdom

Enumeration of a virtual library based on cores or scaffolds of interest helps to quickly explore potential

substituents around hit or lead series and prioritise strategies that are most likely to yield high quality

compounds. In this poster, we will describe a seamless workflow, beginning with a search of commercially

available building blocks. These can then be ‘clipped’ to generate the corresponding R-groups for enumeration of

virtual libraries, using a flexible and visual approach based on defining substitution points around a substructure

search of the building blocks. This flexibility means that chemists are not restricted to a limited number of

pre-defined patterns for reagent clipping and can adapt to many different reaction schemes, while the visual

interface makes it intuitive and easy to use.

The resulting R-groups, corresponding to the available building blocks, can be incorporated into virtual libraries

around scaffolds of interest. However, with an extensive list of R-groups, enumeration of a fully combinatorial

library might generate a vast number of compounds, which may be too large to explore or even overwhelm the

resources of a computer. Therefore, we will illustrate how the enumeration can be integrated with predictive

modelling and multi-parameter optimisation, to prioritise and retain the compounds that are most likely to

achieve the objectives of a project and avoid this ‘combinatorial explosion’. The resulting compounds and

corresponding building blocks guide the synthesis of focussed, high quality libraries targeting a project’s

optimisation objectives.
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The alcoholic hydroxy group is one of the most important functional groups in biologically active compounds,

and the use of novel substitutes for the alcoholic hydroxy group is a promising approach for structural

development of drug candidates. Regarding development of alternatives to the alcoholic hydroxyl group,

incorporation of heteroatoms is useful, and silanol has potential as an isosteric substructure of alcoholic hydroxy

groups. To expand the utility of silanols, we focused on the similarity between silanol and perfluoroalcohol.

Perfluoroalcohols show higher acidity and hydrophobicity than the corresponding hydrocarbon-based alcohols,

owing to the differences of electronegativity and molecular volume between alkyl groups and the corresponding

perfluoroalkyl groups. Silanols also show somewhat higher acidity and hydrophobicity than the corresponding

alcohols because of the differences of electronic properties and molecular volume between silanols and the

corresponding alcohols. The 1,1,1,3,3,3-hexafluoro-2-hydroxypropyl group, one of the perfluoroalcoholic

functionalities, is a key structural motif of T0901317 (1), which is a benzenesulfonamide-based compound that

exhibits agonistic activity toward multiple nuclear receptors, including LXRα and LXRβ, PXR, FXR, and

inverse agonistic activity toward RORs. Previous researches revealed that the substituents around the hydroxy

group have a significant influence on the activity and selectivity. So, we designed and synthesized silanol 2, a

silanol analog of 1, and investigated the activity profile of 2. The ligand potencies of the compounds toward

hLXRs, hFXR, hPXR, and hRORs were evaluated by means of luciferase reporter gene assay in HEK293 cells.

As a result, compound 2 exhibited significant agonistic activity toward PXR, modest partial agonistic activity

toward FXR, and inverse agonistic activity toward RORs. Compound 2 exhibited neither agonistic nor

antagonistic activity toward LXRs. The PXR agonistic activity of 2is comparable to that of representative PXR

agonist rifampicin. This result suggests that the silanol group could function as an isoster of the perfluoroalkyl

group in the case of PXR ligands. We also investigated further modification and structural development of

silanol derivatives. The detailed structure-activity relationship will be discussed.
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Protein-Protein Interactions (PPIs) can be found in many biological processes. It is assumed that between

130,000 and 600,000 PPIs exist, some play a role in carcinomas others for example in cell-cycle regulation. The

14-3-3 protein family is known for its PPIs, as it is implicated in several diseases and biological processes.

Proteins of this family do not have any enzymatic activity, however, they interact and regulate the activity of

other proteins. Finding modulators which could stabilize or inhibit the PPIs, would constitute a tool to modulate

these interactions and possibly interfere with undesired biological processes by targeting the corresponding PPIs.

[1,2] Dynamic Combinatorial Chemistry (DCC) is a powerful tool to identify biologically active compounds.

The strength of this technique is the amplification of the best binders by the target. [3] We pioneered, DCC for

the identification of modulators of 14-3-3 proteins, representing its first application to a PPI. Biochemical

evaluation of the amplified hits confirmed the activity and optimization of promising compounds is ongoing.  
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The key objectives of medicinal chemistry are to efficiently design and synthesize bioactive compounds that

have the potential to become safe and efficacious drugs. Most medicinal chemistry programs rely on screening

compound collections populated by a range of molecules derived from a set of known and robust chemistry

reactions. Analysis of the role of synthetic organic chemistry in subsequent hit and lead optimization efforts

suggests that just a few reactions dominate in the optimizations. Thus, the uptake of new synthetic

methodologies in drug discovery is limited. Starting from the known limitations of reaction parameters, synthesis

design tools, synthetic strategies and innovative chemistries, here we highlight opportunities for expansion of

medicinal chemists’ synthetic toolbox. More intense crosstalk between synthetic and medicinal chemists in

industry and academia should enable enhanced impact of new methodologies in future drug discovery.
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Small molecules have been the major source of new drugs. However, the target space is limited and overused

in-stock collections are less and less capable to provide new chemical entities (NCEs). In a joint venture,

Enamine and BioSolveIT built the world's largest chemical space and made it ultra-fast searchable. The new

product, called REALSpaceNavigator, comprising 650 million compounds, allows for efficient hit exploration,

from finding previously unknown analogues to scaffold hopping. The technology supports fast similarity

searching (about 2 min only) in the space and convenient analysis of the results - all behind your firewall to

make sure your IP is protected. The chemical space encoded with more than 100 highly validated synthesis

protocols and in-stock building blocks, provides an escape from availability bias of current stock screening

collections towards IP free areas. Compounds selected from this space will be synthesized in 3 weeks with an

exceptional success rate of 80% and above.
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Fragment-based drug design is a well-established strategy for the identification of lead compounds, both in

industry and academia. The initial fragment hits are typically grown, linked or merged, in order to become

drug-like compounds with improved affinity 

[1]

. This approach has led to the development of successful drug

candidates both on clinical trials and on the market 

[2]

. The advantage of fragments is that they represent weak

binders with the potential to be used in diverse synthetic routes. Noticeably, in a lot of cases they prove to be

ideal starting materials for multi-component reaction chemistry (MCR). MCR chemistry allows the synthesis of

complex scaffolds in a few steps, starting from commercially available building blocks 

[3,4]

. In this work, we

present how fragment hits can be used as starting materials for MCR chemistry in order to synthesize easily and

effectively small molecules for biological targets. We have successfully applied this approach for the synthesis

of inhibitors of an aspartyl protease and for the PPI of p53-MDM2. In the first case, an in-house protocol was

developed to enumerate virtual MCR libraries, which were docked against our target. In the second case, the

online software ANCHOR.QUERY 

[5]

 was used and led to effective scaffold hopping 

[6,7]

. In both cases,

compounds were selected for synthesis and then they were biologically evaluated. Co-crystal structures were

obtained, supporting the design of the scaffolds. Currently, we are focusing on novel targets, including both

enzymes and protein-protein interactions.
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No. 675555, Accelerated Early staGe Drug Discovery (AEGIS).
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G protein-coupled receptors (GPCRs) comprise important therapeutic targets. Agonist binding to the receptor

stabilizes its active conformation, which stimulates cytoplasmic heterotrimeric G proteins. The capability of

acting as molecular switches and thus transmitting signals from the outside and modulating various intracellular

effectors makes G proteins vitally important. Whereas GPCRs are major targets for the development of drugs,

the G proteins have received less attention for medicinal chemists. Only a few G protein inhibitors are available,

including natural products such as pertussis toxin, YM-254890, FR900359 and synthetic molecules such as

NF449, BIM-46174 and BIM-46187. The two BIM molecules have been previously reported as pan-G protein

inhibitors.

1

 Recent investigations, however, revealed that BIM-46187 preferentially silences Gα

q

 signalling in a

cellular context-dependent manner. BIM-46187 traps Gα

q

 in the empty pocket conformation by permitting GDP

exit but preventing GTP entry.

2

We are conducting structural reductions of the BIM molecules to monocyclic (1, 2) and bicyclic fragments (3) to

gain first insights into the pharmacophore of BIM-type inhibitors. Synthetic attempts to change the bicyclic

5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine core of BIM into monocyclic, piperazin-2-one containing fragments (1,

2) are reported. Furthermore, we synthesized a small library of bicyclic lactams (3) featuring fused pyrazine

(m=0, n=1) and diazepine rings (m=n=1; m=0, n=2). The compounds will be subjected to pharmacological

studies.
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Throughout the world mankind is facing an ageing and growing population that requires more effective and safer

medicines in all therapeutic areas. Despite significant advances in our understanding of the biological basis of

diseases, pharmaceutical R&D is struggling to sustain the level of productivity and efficiency it reached in the

second half of the 20th century. High rates of failure and the increasing cost of drug discovery as well as

extended research and development timelines hinder the development of medicines. Due to these challenges

there has been an increasing need for substantial innovations in the pharmaceutical industry.

It has been shown that if the selection of the synthetic targets in lead optimization cycles is supported by QSAR

or deep learning methods, the number of compounds synthesized as well as the cycle time for each iteration can

be significantly reduced. However, current AI-driven drug discovery techniques mostly select from human

designed molecule subsets, existing compound databases, or computer-generated structure analogues that are

synthetically not vetted. In case of the latter, if synthesis is not incorporated into the design, it can be reasonably

feared that laboratory synthesis time will grow and become a critical bottleneck.

ChemPass has developed a rule-based artificial intelligence technology that can produce a large number of novel

and synthetically-enabled lead analogues and scaffold hopping designs around lead structures. Since its

introduction the cloud-based SynSpace software has been found by multiple organizations to generate more

novel ideas around leads than medicinal chemist teams can do to support lead discovery projects.

We have also been developing an automated lead analysis toolbox and a synthesis-based library enumerator that

in conjunction with SynSpace API can automatically carry out scaffold hopping and lead analogue idea

generation and thereby offer large sets of novel and project specific lead-like structures to advanced AI platforms

for selection.

The ChemPass platforms have the biggest impact on a number of key parameters in drug discovery: cycle time,

number of discovery cycles, the number of compounds to be synthesized and coverage of IP space.

Improvements in these factors can be converted into higher sucess rates and major resource savings towards a

more economical and productive candidate development phase.
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In the last years, DNA Encoded Libraries (DEL) have captured the attention of many researchers and, with the

first DEL-born candidate entering human clinical testing, they have exponentially raised their reputation in the

scientific community. The impact in the drug discovery has been significant and many researchers have been

exploring different ways to prepare DNA encoded libraries in a race to the largest library size. Now that the field

has reached a good level of maturity and knowledge, we have the foundation to evaluate the DNA encoded

library from different perspectives. Quantity doesn’t encompass quality and researchers have learnt that higher

numbers don’t necessarily increase the chance to succeed. The real challenge is now how to get the largest

library with the highest quality and three main key aspects become fundamental: fidelity of the process, access to

the right chemical space for hit finding and tractability of the hits. For these reasons and as an indisputable

source of library diversity, the design of the Building Blocks (BBs) is crucial.

In our laboratories we have developed an innovative synthetic methodology that allows chemical reactions

between BBs in a stepwise procedure to form millions of trimeric molecules.

1

 Coupling products are purified in

each step ensuring high fidelity of the whole library assembly and consequently minimizing false positives or

screening noises. A uniform selection of pharmacophore motifs at the BBs level and their spatial orientation is

fundamental to have high balance between chemotypes (diversity) and their population density in the library.

This reduces the negative effect of activity cliffs,

2

 increasing the chance of finding key interactions for different

classes of targets. Simultaneously, physicochemical descriptors of the BBs need to be an initial step of filtration

to increase the probability for the final molecule of being developable. However, libraries will never be perfect

and never be able to cover all the chemical space for all targets. For this reason, the ideal approach with a

DNA-encoded library needs to be dynamic and based on the output of the library itself, allowing in silico 
filtrations and pointed modifications. 

Several high potent ligands (best IC50 values down to 2 nM) that can bind different classes of targets have been

identified in our laboratories.

3

 The poster will be focused on how key aspects of the library design and synthesis

have been addressed in our research lines, with a reference to a successful case study.

References

1) Hansen. (2015). Fidelity by design: Yoctoreactor and binder trap enrichment for small molecule DNA-encoded libraries

and drug discovery. Current Opinion in Chemical Biology, 62-71

2) Stumpfe, D. (2012). Exploring Activity Cliffs in Medicinal Chemistry. Journal of Medicinal Chemistry, 2932–2942.

3) Hansen. (2016). Novel p38α MAP kinase inhibitors identified from yoctoReactor DNA-encoded small molecule library.

Med. Chem. Commun., 1332-1339.

P075

CRYSTALLOGRAPHIC SCREENING OF SP3-RICH FRAGMENT

LIBRARY AS A NEW STRATEGY FOR FRAGMENT GROWING

Janis Mueller (1), Serghei Glinca (1), Stefan Merkl (1), Lars Haustedt (3), Gerhard Klebe (2)

1) CrystalsFirst GmbH, Marbacher Weg 6, 35037 Marburg, Germany
2) Philipps-University Marburg, Departement for Pharmaceutical Chemistry, Marbacher Weg 6, 35037 Marburg, Germany

3) AnalytiCon Discovery GmbH, Hermannswerder Haus 17, 14471 Potsdam

Fragment-based screening has become a powerful tool for the discovery of possible lead structures resulting in

two approved drugs and more than 30 candidates in clinical trials over the course of the last two decades

1

. The

advantage of such screenings is the effective exploration of possible chemical space through small organic

molecules with MW usually below 250 Da. These fragments serve as probes that show possible hotspots in

proteins and can be expanded or merged into lead-structures.

Most fragment-screening libraries have been designed by combinatorial chemistry and therefore exhibit a large

number of sp2-carbons and aromatic rings. The enrichment of such chemotypes leads to a reduced scope of

chemical space and chemical diversity in lead candidates.  A strong sp2-driven chemistry might limit the success

rate of drug discovery projects, since systematic studies found an increase of the sp3-carbon fraction, e. g.

saturated rings, as the compound progresses from hit to the status of a drug candidate in clinical phases

2

. The

initial Identification of diverse sp3-carbon-rich fragment hits enables fragment growing using well established

organic chemistry. Instead of difficult incremental growing of sp2-carbon rich fragments via

sp3-carbon-chemistry.

In the present study, we utilized CrystalsFirst’s SmartSoak® technology and performed a crystallographic screen

of 200 fragments derived from natural products comprising a high fraction of sp3-carbons. The preliminary

results show an extraordinary hit rate over 30 % that allows a wide spectrum of follow-up compounds using

analogues-by-catalogues approach or by classic organic chemistry.
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Designing novel bioactive molecules remains among the major challenges in modern drug discovery. Recent

results emphasize the value of sp

3

-rich compounds as highly potent yet underexplored molecular scaffolds.

1

Conformational rigidity and defined three-dimensional structure are among the key characteristics determining

the overall physicochemical parameters of a drug candidate.

2,3

 Not surprisingly, the smallest cycle – a

cyclopropyl core – has been successfully exploited as a valuable structural motif vital for attaining the desired

biological profiles in numerous approved and investigational drugs.

4

 In this regard, two marketed drugs –

sitafloxacin and saxagliptin – perfectly highlight the importance of spirocyclic and fused cyclopropanes in

medicinal chemistry.

To further extend the scope of conformationally restricted compounds and advance their utility in drug

discovery, we developed synthetic routes toward novel functional cyclopropyl scaffolds. Intermediate

bromo-substituted spirocyclic and fused bicyclic compounds were successfully transformed into

sulforylchlorides and boronic esters, versatile units for further modifications which can be used in drug

discovery programmes.   
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Up to 20% of all modern marketed drugs and even 30% of all agrochemicals are fluorine-containing organic

compounds.

1

 Difluorocyclopropane-containing compounds also gained popularity in drug discovery in recent

years. In 2011, Prakash reported that the combination CF

3

TMS/NaI efficiently converted the non-activated

alkenes into the gem-difluorocyclopropanes.

2

 Herein, we aim to use this procedure to convert the functionalized

non-activated alkenes - amines, esters, nitriles, ethers and ketals - into the functionalized difluorocyclopropanes:

novel building blocks for drug discovery.

3

In this work, we have designed and synthesized difluorocyclopropanes for drug discovery. Details of the

synthesis and application of the obtained compounds will be discussed.
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Sulfonamide-containing drugs have revolutionized medicine. Since the introduction of Prontosil in the 1930s,

sulfonamides have been extensively explored, as more than 100 FDA-approved drugs containing a sulfonamide

have appeared on the market.

1

 All these compounds, however, are aromatic sulfonamides. Aliphatic sulfonyl

chlorides often decompose during storage and exhibit thermal liability.

2

 On the other hand, sulfonyl fluorides are

remarkably stable under mild acidic and basic conditions.

3

 In this work, we have designed and synthesized

cyclic saturated amino sulfonyl fluorides for drug discovery. The compounds were stable upon storage and could

be used for the protecting-group free synthesis of sulfonamides.

4

 Details of the synthesis and application of the

obtained compounds will be discussed.
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The Late-Stage Functionalization (LSF) of peptides has emerged as a valuable strategy for the design of potent

peptide-pharmaceuticals enabling rapid exploration of Structure-Activity Relationships (SAR).

[1]

 Furthermore,

LSF offers novel opportunities for the introduction of conjugation handles thus allowing for  the generation of

biological tools as well as peptide-drug conjugates.

[2] 

However, commonly employed methods for the

site-selective modification of complex unprotected peptides currently rely on the use of either non-natural amino

acids or on the innate reactivity of a very limited number of natural residues (mainly Cysteine and Lysine).

[3]

Herein we report novel methods for the diversification of peptides under mild reaction conditions. Using this

technology, versatile handles were introduced for the tagging and bioconjugation of peptide pharmaceuticals. 

Figure 1:
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The genetic instability of certain tumor phenotypes arises from their deficiencies in fixing damaged DNA. These

liabilities can be magnified by employing drugs that further hamper the cancer DNA Damage Response (DDR)

machinery [1]. Archetype of this “synthetically lethal” approach, which represents one of the most exciting and

visionary frontiers in cancer therapy, is the use of poly(ADP-ribose) polymerase-1 (PARP-1) inhibitors in cancer

settings with compromised capabilities in repairing DNA double strand breaks, such as BRCA1/2 mutations

carrying tumors. PARP-1 is the main component of a 17-membered family of proteins. It employs NAD

+ 

as the

building block to assemble, via the release of nicotinamide, poly(ADP-ribose) chains onto several acceptor

proteins including PARP-1 itself. This post-translational modification contributes in signaling the presence of

DNA single- and double strand breaks, resulting in the recruitment of proteins involved in DNA repair.

Nicotinamide mimics designed as inhibitors of PARP-1, initially developed to potentiate DNA-damaging agents,

finally found their way to the clinic (e.g. Lynparza™, Rubraca™ and Zejula™) as monotherapy in those tumors

that cannot withstand a DNA damage overload [2]. Aiming at discovering proprietary PARP-1 inhibitors, a High

Throughput Screening (HTS) campaign using an innovative fluorescent polarization displacement assay [3] was

undertaken at Nerviano Medical Sciences (NMS). This screening allowed the identification of the isoindolinones

chemical class. A medicinal chemistry expansion of the series delivered 1, a potent (PARP-1 K

D

: D: >10 µM)

inhibitor, with good cellular MoA (PAR assay, IC

50

: 0.32 µM), excellent ADME profile and oral bioavailability.

As 1 was a racemate, preparative-scale chiral HPLC separation of the corresponding enantiomers resulted in an

exquisite stereospecific inhibition of PARP-1 in vitro [(S)- isomer 2 PARP-1 K

D

: R)- isomer 3 PARP-1 K

D

: 3.01

µM) and in cells [(S)- isomer PAR assay IC

50

: 0.14 µM; (R)- isomer PAR assay IC

50

: 11.2 µM). Co-crystal

structures of both isomers with cPARP-1 allowed explaining the observed stereospecificity. After having ruled

out potential loss of enantiopurity in vitro and in vivo, 2 (NMS-P515) was synthesized in an asymmetric fashion.

NMS-P515 pharmacokinetic profile and its antitumor activity on a BRCA2-mutated pancreatic cancer model

render the compound a suitable candidate to be further progressed in NMS PARP-1 inhibitors drug discovery

program.
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Until recent years hydrogen peroxide was mainly considered as a byproduct of oxidative metabolism. Over the

past few years it has become accepted that hydrogen peroxide is also an important signaling molecule within the

cell

1

. In chemistry, hydrogen peroxide is becoming increasingly important oxidant as environmentally friendlier

alternative to classical oxidants (hypervalent iodine compounds, metals, …). The only byproduct after the

reaction with H

2

O

2

 is water and is therefore often used as a reagent of choice in the field of »green chemistry«.

Reactions of hydrogen peroxide are, however, not limited only to oxidations. Its direct incorporation into organic

scaffold leads to formation of organic peroxides with interesting properties and functionality. Biological activity

of organic peroxide has, so far, been mainly associated with antimalarial properties of artemisinin and its

derivatives. Recent research indicates that other biological activities such as antimicrobial and anticancer have

not been given enough attention

2

.1 ,2,4,5-tetraoxanes are a group of compounds with two peroxide moieties in

six-cyclic ring and have proven antimalarial activity. They can be produced by acid-catalyzed condensation of a

carbonyl compound and gem-dihydroperoxide in fluorinated alcohol through template catalysis (Figure a)

3

. Gem
-dihydroperoxide is prepared by peroxidation of another carbonyl compound with H

2

O

2

.

The peroxidic ring in tetaoxane gives these compounds their biological activity. Interestingly, though, the type of

structure on opposite sides of tetraoxane ring strongly determines biological activity; antimalarial activity was

observed only on dispiro molecules, whereas spiro derivatives exhibited much lower, in some cases even

negligible activity (Figure b).

4

 

Our research has focused mainly on synthesis of non-symmetric 1,2,4,5-tetraoxanes by condensation of an

appropriate substituted aldehyde (substituted benzaldehydes) or ketone and gem-dihydroperoxide with an acid

catalyst in fluorinated alcohol as a solvent and template catalyst. Results of the synthesis and selectivity of

formation of peroxide will be shown as well as new catalytic system that enables the use of neutral conditions in

the formation of gem-dihydroperoxides and non-symmetric 1,2,4,5-tetraoxanes from ketones and aldehydes.

 This enabled us to synthesize a group of tetraoxanes with targeted properties (solubility, lipophilicity) that was

screened for various biological activities (antimalarial, antibacterial, antifungal). Some of the derivatives have

shown promising results, especially in antitubercular effectiveness in comparison to commercially available

rifampicin drug.
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Fragment-based Drug Discovery has become a fantastic strategy to design target modulators and bring new

drugs to the market. Although weak binders can be identified using well established biophysical methods like

SPR, NMR or thermal shift assays, optimization to identify higher-affinity ligands is mainly guided by the

information obtained from the fragment-protein X-Ray co-structure. For this reason, resource investment in

medicinal chemistry is very often restricted to the fragment hits that succeed in providing good resolution

crystals. It is therefore highly desirable to identify computational methods that can predict the binding modes of

low affinity fragments from either the apo-protein or any available X-Ray structure of the protein.

We will report therein our results on the use of molecular dynamics (MD) simulations to investigate the specific

binding modes of particular 3D-fragments towards the cyclophilin D target. The binding modes predicted by MD

were found to be in excellent agreement with the experiments. This study suggests that MD can become a

powerful tool in structure-based optimization of fragments to lead candidates.
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The current drug discovery especially against protein targets that are hard-to-drug is based on the exploration of

new chemical space [1]. The major drawback of this approach is unpredictable success rate of the chemical

synthesis of in silico/cerebro generated molecules. One of the approaches to the problem solution is

disconnection of molecules following retrosynthetic rules, which produces readily available fragments that can

be used later on to construct new libraries. The sets of appropriate synthesis trees as well as as well as the

building block pool have been discussed previously [2]. Based on this methodology, the “validated virtual”

chemical space were developed in majority of the Big Pharma companies for the time-pressure and cost effective

compound library synthesis in MedChem projects [3]. However, these services are limited or inaccessible

outside the companies for academic and small biotech users. A unique service, Enamine’s REAL database [4,5]

is currently available on the market, providing 337 million of synthetically feasible compounds based on 122

validated chemical protocols / 68,200 in stock building blocks with >80% success rate.

In this talk, we describe the history and current state of this synthetic methodology which allows making the

diverse compound libraries in a cost- and time-effective manner with high success rates. In particular, the

reaction choice, validation and scope determination will be discussed. The in-house metrics for the building

blocks involved into the existing synthetic trees for the enumeration will be disclosed for the first time. The

purification platform as well as synthesis timing will be illustrated by representative case studies.
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Introducing chemical diversity into a drug candidate late in the optimisation process has several applications

including exploration of SAR (structure-activity relationships). Biocatalysis can provide access

to chemical space in a complementary manner to chemical synthesis, thereby broadening coverage of the

SAR map to better understand how small changes in the molecular structure affect biological potency.

In this late stage functionalization project undertaken by Hypha and AstraZeneca, biotransformation of a

small quantity of a drug lead was explored using a subset of microbes from Hypha’s oxidative strain panel,

resulting in the identification of eight active oxidised derivatives. Sufficient purified material was generated

for structure elucidation by 2D NMR and subsequent pIC50 determination.

Several regio and stereoisomers were isolated as a result of oxidation on the cyclohexane moiety, together

with desmethyl and benzylic hydroxylated derivatives, as well as combinations thereof. Hydroxylated

derivatives were obtained that overlapped with those produced synthetically, in addition to novel “trickier

to synthesise” compounds where hydroxylation was achieved in two distinct areas of the molecule. The

study was valuable in revealing that different polar chemical space could be accessed in parallel which did

not compromise potency, as part of a wider SAR map.
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The [60]fullerene molecule (C

60

) and its derivatives are attractive constructs for biomedical  applications.

Glycoconjugated C

60

 derivatives are of particular interest as potential cancer targeting agents due to an

upregulated metabolic glucose demand, especially in the case of pancreatic adenocarcinoma and its dense

stroma, which is known to be driven by a subset of pancreatic stellate cells (PSCs). Herein we describe the

synthesis and characterization of two D-glucosamine derivatives of [60]fullerene and their biological properties.

The [60]fullerenes are inherently non-toxic up to concentrations of 10 mg/ml and are  photoactive when

illuminated with blue and green LED light, allowing its use as a photodynamic therapy agent.

It was observed that all fullerenes form two aggregate fraction 20-30 nm and 400-500 nm. Initial dark

cytotoxicity studies on pancreatic cell lines PSCs and PANC-1 have been carried out using flow cytometry and

propidium iodide (PI) apoptosis staining. It has been shown that all two glycofullerenes are non-toxic even in

high concentrations (up to 10 mg/ml, incubation 3 and 24 hours). Moreover, synthesized  [60]fullerene

derivatives localizes preferentially in the nucleus of PSC cells, with some localization in the cell cytoplasm.

Additionally, designed nanotherapeutics were tested for SRC kinase inhibition. Conducted experiments have

shown that synthesized [60]fullerene derivatives selectively inhibited two kinases FYN A and LCK.

Figure 1 The structures of glycofullerene 1 and 2.
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Macrocyclization of pharmaceutical compounds plays an increasing role in drug discovery. Macrocycles can

provide several advantages such as favorable drug-like properties, increased selectivity and improved binding

affinity.

Macrocyclization of an existing lead series is not always easy. There are often multiple potential locations where

the molecule could be cyclized, each with its own constraints in terms of synthetic feasibility, ideal linker length,

required linker conformation, and pharmacophoric requirements from the active site. Challenging syntheses

make it impractical to fully explore the possibilities in the lab.

Here we present a case study of designing macrocyclization strategies for reported BRD4 inhibitors with Spark,

Cresset’s bioisostere replacement and scaffold hopping tool. The Spark algorithms enable a rapid assessment of

the ideal linker length and suggested chemistry for each cyclization option.

P087

FROM LATE STAGE OXIDATION TO HETEROCYCLIC SYNTHESIS:

NEW METHODOLOGY FOR DRUG DISCOVERY
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Aliphatic azacycles are essential motifs in drug discovery, with 59% of unique small-molecule drugs approved

by the FDA containing at least one nitrogen heterocycle.

1

 Of these, the piperidine motif is the most prevalent

nitrogen ring-system, highlighting the importance of this heterocycle in small-molecule drug discovery.  Simple

piperidines are readily available; hence, methods for the straightforward late-stage diversification of this

ring-system, ideally exploiting C–H functionalization, are valuable tools for medicinal chemistry. In this

presentation, we wished to report the successful realization of the a-oxidation

2

 of aza-unsaturated rings using

cheap and available iodine in mild conditions; as well as b-functionalization of piperidine ring to form cyclic

enaminyl sulfones, and the use of the installed functionality as a unique nucleophile for wider functionalisation.

3
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SPACE – NOVEL FUNCTIONAL SCAFFOLDS BASED ON

SPIROCYCLIC AND FUSED CYCLOPROPANES
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Designing novel bioactive molecules remains among the major challenges in modern drug discovery. Recent

results emphasize the value of sp

3

-rich compounds as highly potent yet underexplored molecular scaffolds.

1

Conformational rigidity and defined three-dimensional structure are among the key characteristics determining

the overall physicochemical parameters of a drug candidate.

2,3

 Not surprisingly, the smallest cycle – a

cyclopropyl core – has been successfully exploited as a valuable structural motif vital for attaining the desired

biological profiles in numerous approved and investigational drugs.

4

 In this regard, two marketed drugs –

sitafloxacin and saxagliptin – perfectly highlight the importance of spirocyclic and fused cyclopropanes in

medicinal chemistry.

To further extend the scope of conformationally restricted compounds and advance their utility in drug

discovery, we developed synthetic routes toward novel functional cyclopropyl scaffolds. Intermediate

bromo-substituted spirocyclic and fused bicyclic compounds were successfully transformed into

sulforylchlorides and boronic esters, versatile units for further modifications which can be used in drug

discovery programmes.   
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FRAGMENT PROPERTIES AND APPLICATION OF FBDD TO

BORON-CONTAINING INHIBITORS OF LP-PLA2

David Twigg
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The Astex fragment library is constantly evolving as information from fragment screening results is fed back

into fragment library design. This poster will highlight some of the key properties of fragments and aspects such

as molecular recognition, shape and synthesis. The focus will then turn to the use of boron-containing fragments

in FBDD.

The unique properties of organoboron compounds allow for the formation of reversible covalent interactions

with nucleophilic protein sidechains. This poster will highlight several examples of boron-containing fragments

to illustrate the varied binding modes such ligands can adopt. An example of fragment-to-lead development will

also be described from a collaboration between Astex and GSK against Lp-PLA

2

. Elevated levels of this

phospholipase have been linked to cardiovascular disease, dementia, diabetic macular edema and prostate

cancer, making it an attractive target for inhibition. Organoboron fragments were identified via X-ray screening

against Lp-PLA

2

, and development of the weak hits using structure-based design provided a boron-containing

lead series with good potency and excellent ligand efficiency for further optimisation.

 

164



P090

NOVEL AND POTENT ORGANOPHOSPHOROUS UREASE

INHIBITORS

Vassilios Ntatsopoulos (1), Stamatia Vassiliou (1), Katarzyna Macegoniuk (2), Artur Mucha (2), Lukasz

Berlicki (2)

1) University of Athens, Department of Chemistry, Laboratory of Organic Chemistry, 15771, Panepistimiopolis Zografou,
Athens, Greece

2) Department of Bioorganic Chemistry, Faculty of Chemistry, Wrocław University of Technology, Wybrzeże Wyspiańskiego
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Urease is a nickel-dependent metalloenzyme found in plants, some bacteria, and fungi. Bacterial enzyme is of

special importance since it has been demonstrated as a potent virulence factor for some species. Especially it is

central to Helicobacter pylori metabolism and virulence being necessary for its colonization of the gastric

mucosa, and is a potent immunogen that elicits a vigorous immune response. Therefore, it is not surprising that

efforts to design, synthesize and evaluate of new inhibitors of urease are and active field of medicinal chemistry.

Several potent Urease inhibitors were synthesized using Morita-Baylis-Hillman adducts. The novel compounds

posses elongated side chains so that they are better accomodated to the enzyme active site.
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Lipoic Acid (LA) is a natural disulfide compound present in almost all foods from animal and vegetable sources

and plays an important role in pathological conditions characterized by oxidative stress such as: (i) scavenger of

ROS, (ii) capacity to increase the level of reduced glutathioneand other antioxidant enzymes, (iii)

downregulation of the inflammatory processes, (iv) scavenging of lipid peroxidation products, (v) redox active

transition metal chelation, (vi) increase of ACh production by activation of choline acetyltransferase. On the

basis of such activities, LA can exert beneficial effects in AD, possibly stabilizing cognitive functions.

1

Several lipoyl-phenolic acid hybrids were synthesized and tested for their neuroprotective ativity. Caffeic acid,

ferulic acid and 3,4-dihydroxyphenylacetic acid were tethered through a linker to lipoic acid.
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In the history of therapeutics, covalent drugs occupy a very distinct category. While representing a significant

fraction of the drugs on the market, very few have been deliberately designed to interact covalently with their

biological target.

Several catechol-containing compounds were synthesiszed and tested as Urease inhibitors. The newly

synthesized compounds exhibited strong irreversible inhibition supporting a recent study about covalently

interacting with Urease

1

.
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GABA

A

 receptors are the major inhibitory neurotransmitter receptors in the central nervous system. These

GABA-gated chloride channels are composed of five subunits that can belong to different subunit classes.

Several pyrazoloquinolinone ligands have already been described as high affinity ligands of the benzodiazepine

(Bz) binding site but also, they exert a positive modulatory effect at the alpha

+

beta- interfaces.

1,2 

Previously, it

was shown that some pyrazoloquinolinone derivatives showed preference towards beta1 containing receptors in

terms of potency. Further studies in homology models and mutant receptors confirm that the amino acid located

in position 41 of segment G in the beta1 and beta3 subunits strongly influences the potency and efficacy of the

tested ligands.

3

 In the present study, further pyrazoloquinolinone derivatives were studied and results showed

that they possess improved functional selectivity. The results of this study are herein presented and the properties

of these compounds will be further investigated.
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Conformational restriction is a renowned approach to design of analogues, models and other practically useful

compounds in many areas of science, first of all in bioorganic and medicinal chemistry. An important and

desirable feature of this methodology is possibility of molecular structure modification without significant

perturbation of the compound properties. In particular, DMPK-related physicochemical properties of

conformationally restricted analogues such as molecular weight and liphophilicity can be a major concern. Small

rings are among structural units which provide such possibility; in particular, cyclopropane-containing

conformationally restricted analogues (“methanologues”) have been widely used in drug discovery and adjacent

areas of science. However, introducing cyclopropane into the parent molecules can significantly affect their

electronic properties and hence chemical reactivity due to the partially unsaturated nature of this moiety.

Cyclobutane ring does not have such drawbacks; on the other hand, it is small enough to satisfy the

above-mentioned criteria as a conformational restriction tool. Nevertheless, the use of cyclobutanes in drug

design and bioorganic chemistry was quite rare to date.

In this talk, we shall describe case studies from our recent research on cyclobutane-derived conformationally

restricted compounds. In the first part, design and synthesis of cyclobutane-derived amino acids, as well as their

incorporation into cell-penetrating peptides, will be described. In particular, fluorinated analogues of polar amino

acids (such as lysine (1) and serine (2) analogues) which can be used as 

19

F NMR labels will be discussed.

The second part of this presentation will include examples of using cyclobutane-derived scaffolds (such as

spiro[3.3]heptane) in design of building blocks for medicinal chemistry. With the use of exit vector plot (EVP)

tool, we will show that such building blocks (e.g. 3) provide unusual but controllable spatial arrangements of the

functional groups mounted onto the cyclobutane ring(s) and can be used as promising surrogates of common

(hetero)aliphatic rings.

The presentation is based on both published (e. g. [1-4]) and unpublished results obtained in our groups in the

last 10 yeas.
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The content, size, and quality of compound collections used in HTS campaigns are fundamental to the success of

the project; the most advanced screening technologies and the most physiologically relevant assays were though

defeated by low quality of compound collections. The question, however, remains whether the available

purchasable space allows to create a high-quality compound library for the HTS project that is comparable with

selections from the Big Pharma repositories. While several analyses of the chemical space covered by vendor

compound libraries (VCL) have been published recently [1] (including our studies [2,3]), the aforementioned

question remains unanswered. The starting point of the study was generation of the chemical space covered by

purchasable screening compounds using ZINC database of 16,902,208 unique structures including

stereoisomers.

In this talk, we shall describe:

 - a critical revision of the existing VCL from the user’s standpoint and whether it competes with the available

Big Pharma collections in supporting compound novelty, diversity, and quality;

 - evaluation of possibility to easily create the high-quality compound library without involving cost-demanding

compound management through a limited number of vendors. Such approach will include the vendor’s selection;

 - compound management optimization in the case of consolidated libraries from different vendors. To simplify

compound management, we studied relationship between the quality of the selected sets and number of the

suppliers.

Principal component analysis (PCA) for the compounds (Molecular Quantum Numbers were used as descriptors

[4]) in the “perfect compound collection” built from 33, 12, 6 and 3 suppliers.
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Four-membered rings are witnessing significant prominence in medicinal chemistry discovery programs and

various reports, that have documented the benefits accompanying their use in discovery candidates, are driving

the increased visibility. The range of advantages includes structural novelty along with improved

physicochemical and pharmaco-kinetic properties.The insertion of those strained systems remains challenging

and poorly described in the literature. The development of new reactions to integrate it in more complex

compounds is more and more needed.  

A Pd cross-coupling approach for the synthesis of N-aryl-oxetanylamine has been developed. This method

provides new building blocks potentially useful in medicinal chemistry as amide bioisosteres. The reactions are

conducted in water employing the renewable feedstock surfactant TPGS-750-M (vitamin E) make these

conditions adaptable for industrial production.

 

The N-arylated oxetanylamines were cleanly formed and could be isolated in good to excellent yields. Because

of the mild reaction conditions, this reaction can tolerate a wide variety of functional groups. Moreover, many of

the described products are inaccessible via other methods, and as all of them contain diverse functional groups

allowing functionalization. Then, the building blocks can serve as potentially promising scaffolds for the design

of drugs, pesticides, and advanced materials.
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First line chemotherapy relies on DNA damaging compounds, commonly resulting in the activation of p53,

inducing apoptosis. The side effects of DNA damaging compounds are extensive, and so activating p53 without

DNA damage is desirable. Approximately 50% of cancers possess wild-type p53 which is inactivated, often by

human double minute (hDM)2 and hDMX. Modulating the hDM2 p53 protein-protein interaction (PPI) is an

effective way to target cancers. However, the scope of this strategy has been limited by hDMX. Despite the

homologous nature of hDMX to hDM2 the proteins do not perform redundant roles. Our investigation of new

methodology to target PPIs, termed peptide-directed binding,

1

 exploited the dual inhibitor

Ac-Phe-Met-Aib-Pmp-6-Cl-Trp-Glu-Ac

3

c-Leu-NH

2

 to develop small molecule probes to target hDM2 and h
DMX (Fig 1).

Figure 1. Schematic of in silico peptide directed binding identifying small molecule candidate.

We extend peptide directed binding to in silico methods allowing modelling to identify small molecules for

synthesis. This represents a complementary method, improving the rapid and economic nature of this process.
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DNA-encoded small molecule libraries (DELs) are an established screening technology in drug research.[1]

They enable efficient identification of binders for target proteins by selection and DNA sequencing. Encoded

libraries are synthesized by combinatorial strategies with alternated organic preparative chemistry and encoding

steps.[2] Currently, only a very small toolbox of organic preparative reactions is available for encoded synthesis

due to the chemical instability of the DNA tag, and limiting the molecular diversity of libraries. We have

developed a coding strategy, named TiDEC that utilizes a hexathymidine sequence “hexT” as a chemically very

stable adapter oligonucleotide (figure 1).[3-5] It made several catalysts available for library synthesis in the

initial step of DEL synthesis, among them acids, and transition metal ions. Following up, we have investigated

the tolerance of different DNA sequences to reaction conditions and several catalysts towards development of

novel DNA tagging strategies, to ultimately expand the chemical space of genetically tagged screening

libraries.[5]

Figure 1: Starting DNA-encoded library synthesis from the hexT adapter oligonucleotide.
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New synthetic routes for the preparation of 4-substituted-thiazol-2-amines, relevant intermediates in medicinal

chemistry/drug discovery, are reported. The first method employs a ‘reverse’ Suzuki coupling of adequately

protected 4-bromothiazol-2-amine, via the formation of the pinacol boronate ester (not isolated), with aryl

halides. The second route utilizes the stable protected 4-MIDA boronate ester-2-aminothiazole that is used in

subsequent Suzuki couplings with aryl halides.

1, 2
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The Prins-type cyclization is one of the most useful reactions to the synthesis of heterocycles in natural

compounds.

1

 A lot of synthetic methods for 5,6-members nitrogen heterocycles have been reported.

2

 However,

the efficient synthetic methods for the 10-members nitrogen heterocycles have been reported few. The synthesis

of these compounds is still remains a major synthetic challenge. Typically, the intramolecular 5-endo-trig

cyclization would be kinetically disfavored according to Baldwin's rule.

3

 Taking advantage of this, we developed

the first efficient synthetic method of 10-members nitrogen heterocycles, 1,6- diazecanes, by an intermolecular

double aza Prins-type cyclization

4

 from  (allenylmethyl)silane derivatives. The methodologies developed to

obtain these compounds will be presented and discussed.
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Carbonic anhydrases (CA) are zinc metalloenzymes, which catalyze the reversible hydration of carbon dioxide

and regulate a broad range of physiological functions. There are 12 active CA isoforms in human which differ in

cellular localization, distribution in organs and tissues, expression levels and kinetic properties. The increased

activity or expression of different CA isoforms is often associated with various diseases. Isoform CA IX is

implicated in cancer since its expression is nearly absent in healthy human but overexpression of CA IX in

numerous hypoxic tumors is observed. Design of a selective and high-affinity inhibitor could be developed into

an anticancer drug.

Here we investigate fluorinated benzenesulfonamides as CA inhibitors. The fluorine atoms contributed favorably

to CA binding. Furthermore, the fluorinated benzenesulfonamides were subject to convenient nucleophilic

aromatic substitution reactions which enabled the synthesis of a diversity of fluorinated compounds. A series of

4-substituted-2,3,5,6-tetrafluorobenezenesulfonamides (2, 4, 5),

2,4-substituted-3,5,6-trifluorobenzenesulfonamides (3), 3,4-substituted-2,5,6-trifluorobenzenesulfonamides (6),

and 3,4,5-substituted-2,6-difluorobenzenesulfonamides (7) were synthesized

[1,2,3]

. Some of the fluorinated

benzenesulfonamides bearing bulky hydrophobic groups at ortho and meta positions exhibited high selectivity

and picomolar affinity for CA IX as confirmed by the binding assays. Crystallographic analysis showed the

position of the compounds bound to CA IX and the effects in 2D and 3D cancer cell culture models of lead

compounds showed compound anticancer activity.
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Melatonin (N-acetyl-5-methoxytryptamine) is a hormone produced in the brain region by the pineal gland during

darkness, but also in the gastrointestinal tract, in retina and in skin from the essential amino acid tryptophan.

Melatonin plays an important role in the regulation of seasonal and circadian fluctuations. Nowadays, melatonin

is one of the most studied compounds by scientists due to both its physiological role and its therapeutic

applications. It is also an antioxidant hormone with a particular role in the protection of nuclear and

mitochondrial DNA. In recent years, many physiological properties of melatonin have been described resulting

in much attention in the development of synthetic compounds possessing the indole ring. In this study, we

developed a new scaffold that combines the indole and the 1,4-dioxan heterocycle. A small-molecule library of

sixty analogue melatonin compounds were synthesized and in vitro biological activity was investigated. Most of

the compounds showed significantly higher activity than melatonin.

The focus of this work was to optimize the most active compound, identify structure-activity relationships, and

prepare compounds that are more efficacious. For all this, molecular modeling studies have been carried out.
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Beta-lactam antibiotics play an important role in treatment of infectious diseases. Despite many versatile

synthetic tools for the construction of this interesting scaffold, there is still a necessity for the development of

new synthetic approaches. We have developed a novel and optimized synthetic route for the synthesis of N
-substituted monobactam ring.

In phase one diverse protective groups were introduced onto amino group of starting dipeptides. Then in phase

two various cyclization strategies were used to obtain the desired ring. A beta-lactam ring was obtained under

the Mitsunobu reaction conditions exclusively. Although phthalimide and dibenzyl protective groups both enable

us to obtain desired ring system, the latter was superior.

The methodology developed is uncomplicated and widely applicable for preparation of epimerically pure N
-substituted monobactam compounds.
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1) Department of Chemistry, CZ Openscreen, Masaryk University, Kamenice 5, 625 00 Brno, Czech Republic
2) International Clinical Research Center, St. Anne’s University Hospital Brno, Pekařská 53, 656 91 Brno, Czech Republic

A new strategy for the preparation of 4,5-substituted-3-aminopyrazoles, widely used intermediates in medicinal

chemistry discovery, is reported. The synthetic methodology employs palladium-catalysed coupling of

b-ketonitriles with arylbromides as the diversification step, followed by cyclisation with hydrazine which yields

the desired aminopyrazoles. The b-ketonitriles are synthesized from readily available acetonitrile and esters.
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Orexins are neuropeptides that activate the rhodopsin-like G protein-coupled receptors OX1R and OX2R. The

orexin system plays an important role in the regulation of the sleep-wake cycle and the regulation of feeding and

emotions. The high resolution crystal structures of both receptor subtypes bound to the dual orexin receptor

antagonist suvorexant provide valuable insights into the structural environment of the orthosteric binding

sites.[1‑2] Suvorexant is the only drug on the market targeting the orexin system and is prescribed for the

treatment of insomnia.[3] There are only two non-conserved residues in the orthosteric binding site within 4 Å of

the ligand. An alanine and a serine residue of the OX1R are substituted by threonine in the OX2R resulting in a

slightly larger binding pocket of the OX1R compared to the OX2R’s binding site. We wanted to exploit the

available space in the OX1R’s binding site to develop selective orexin 1 receptor antagonists based on the

structure of suvorexant.

Hence, we established an enantioselective synthetic route starting from natural or artificial amino acids for

suvorexant derivatives bearing an alkyl substituent at the central homopiperazine moiety. The substituents were

expected to point towards one of the non-conserved residues resulting in a steric clash with the larger threonine

side chain of the OX2R. We investigated various derivatives to induce subtype-selectivity towards the OX1R by

docking experiments and synthesized the most promising candidates. All synthesized ligands were tested for

their antagonist activity at both orexin receptor subtypes using a functional IP accumulation assay.
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MOESAIC: APPLICATION OF MATCHED MOLECULAR PAIRS TO

SAR EXPLORATION
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Managing and analyzing structure activity/property relationship data in medicinal chemistry projects is

becoming ever more challenging, with larger data sets and parallel development of different structural series.

Tools and methods for the efficient visualization, analysis and profiling of structures therefore remain of deep

interest. Here, we will describe a new application, MOEsaic, which enhances typical medicinal chemistry

workflows aimed at interrogating the SAR data through the use of interactive MMP analysis and R-group

profiling, for guiding a campaign in its development.
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As a bioisosteric strategy to overcome the poor metabolic stability of lead compound KYS05090S, a series of

new fluoro-substituted 3,4-dihydroquinazoline derivatives was prepared and evaluated for T-type calcium

channel (Ca

v

3.2) blockade, cytotoxic effects and liver microsomal stability. Among them, compound 

KCP10068F containing 4-fluorobenzyl amide and 4-cyclohexylphenyl ring potently blocked Ca

v

3.2 currents

(>90% inhibition) at 10 μM concentration and also exhibited cytotoxic effect (IC

50

 = 5.9 μM) in A549 non-small

cell lung cancer cells that was comparable to KYS05090S. Furthermore, KCP10068F showed approximately a

2-fold increase in liver metabolic stability in rat and human species compared to KYS05090S. Based on these

overall results, KCP10068F may therefore represent a good backup compound for KYS05090S for further

biological investigations as novel cytotoxic agent. In addition, KCP10067F was found to partially protect from

inflammatory pain via a blockade of Ca

v

3.2 channels.
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SYNTHESIS OF 1,3-DIAMINE VIA AU(I)-CATALYZED

INTRAMOLECULAR CYCLIZATION REACTION

Da Mi Kim, Jae-Sang Ryu
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1,3-Diamine is an important structural motif in pharmaceuticals and natural products such as HIV-1 protease

inhibitors and the marine alkaloids, batzelladines and manzacidin.

1-3

 Also, 1,3-diamino fragment is a key core of

chiral ligands and auxiliaries. Despite the importance of this structure, many existing synthetic methods suffer

from poor efficiency and low yields. Thus, development of simple and efficacious methods are urgently

necessary. In this study, we developed a synthetic protocol of various cyclic precursors of 1,3-diamines, via a

straightforward Au(I)-catalyzed intramolecular cyclization reaction.

1

 5 mol% of gold catalysts smoothly

mediated the reactions at room temperature and afforded cyclic precursors of 1,3-diamines in high yields with

good diastereoselectivities. The ring-opening reaction of cyclic precursors led to the desired 1,3-diamines.

Substrate synthesis and catalytic reactions will be presented.

References

1) X. Ji, H. Huang, Org. Biomol. Chem., 2016, 14, 10557–10566

2) A. S. Franklin, S. K. Ly, G. H. Mackin, L. E. Overman and A. J. Shaka, J.Org. Chem., 1998, 64, 1512

3) T. Hashimoto and K. Maruoka, Org. Biomol. Chem., 2008, 6, 829

175



P112
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Colchicine (1), a well-known tropolone alkaloid isolated from Colchicum autumnale, is of particular interest due

to its antimitotic properties. It has played an important role in studies of mitosis and the therapeutic potential of

colchicine binding site has been considered for chemotherapy applications [1,2]. However, colchicine itself as

well as many of its derivatives could not be used as anticancer drugs because of their high toxicity. Up to now

many structure-activity relationship studies have been done to elucidate the structural features required for the

tubulin binding [3–5].

Herein, we report the synthesis, spectroscopic analysis of a series of novel triple-modified in C-4, C-7, and C-10

positions colchicine derivatives, as well as evaluation of these derivatives as cytotoxic, tubulin-targeting agents.

Scheme 1. Synthesis of colchicine derivatives. Reagents and conditions: (a) NCS, acetonitrile, RT, NBS,

acetonitrile, RT or NIS, AcOH, 70°C; (b) MeOH/H

2

O, CH

3

SNa, RT, (c) 2 M HCl, reflux, (d) Et

3

N, DMAP, acyl

chloride, CH

2

Cl

2

, RT.

The antiproliferative effect was tested in vitro on four human cancer cell lines and one normal murine embryonic

fibroblast cell line (BALB/3T3). To better understand the interactions between the colchicine derivatives and

tubulin, we also investigated potential binding modes of all studied compounds docked into colchicines binding

site (CBS) of ßI tubulin.
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Leishmaniasis is a parasitic disease occurring widely in Central and South America, Africa, South Asia and

especially Middle-East area. World Health Organization estimates that Leishmaniosis affects between 700 000 to

1 million new cases every year and leads to the death of 20 000-30 000 patients. There are three clinical forms of

this disease, which vary from disrupted skin lesion to damage of internal organs leading to death. Current

treatments are less and less efficient (drug resistance), requires long hospitalization (4 to 12 weeks) and the

treated patients often face to severe side effects of medications. In our group we expect that the development of

new lignan-based pharmacophores might be an answer to desperate need of treatment of Leishmaniasis. Our

hypothesis is based on the molecule known in the literature as Sanguinolignan – lignan of natural origin with

proven leishmanicidal activity. In our contribution we wish to introduce our first efforts devoted to the

lignan-inspired library-constitution. From the synthetic view point, our library use only one readily available key

synthetic building block that is transformed in reagent-driven Diversity-Oriented synthesis in 2-3 steps in large

collection of structurally highly diverse molecular scaffolds. The structural diversity of prepared molecules vary

from fused tri- to tetracyclic molecules to tri- and tetracyclic spiro compounds with different ring sizes.

Additionally, our first results obtained by biological evaluation of such chemical library will be presented.
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DESIGN AND SYNTHESIS
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Despite the proven therapeutic potential of macrocyclic compounds, they have been under-explored and poorly

exploited in drug discovery programs for some reasons. However, the most recent trends clearly show

remarkably growing interest toward medium- and large-sized heterocycles, and this interest is not accidental

since it is closely linked with the growing interest toward protein-protein interactions (PPI) as promising

therapeutic targets and therefore small molecule PPI modulators. On the other hand, only few methodologies

have been developed to date for the synthesis of medium- and large-sized molecules libraries.

Recently we reported synthesis of unique polyfunctional 10-12-membered lactams employing

Bormann-Wasserman strategy. Herein we report further expansion of the strategy for the synthesis of novel

functionally enriched, spiro- and fused scaffolds with incorporated (un)substituted b-alanine moiety.  This

structural feature has been used for design and synthesis of b-peptidomimetic library around these scaffolds.

Further modifications of macrocyclic lactam scaffolds will be discussed.
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METHYLENE - CYCLOALKYLACETATE (MCA) AS NOVEL

NEUROTROPIC AGENTS
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Tricyclic spiroether structures can frequently be observed as scaffold segments of various biochemical

compounds and drugs of natural origins. Examples of these structures have been identified among carbohydrates,

terpenoids and alkaloids. Unfortunately, access to a large number of these target molecules and their structural

analogues is either unknown or hindered by their multistep syntheses. We realized that most of the tricyclic

spiranoid ethers might be derived from a simple and common collective precursor via a controlled intramolecular

sequence of transformations. We discovered that monocyclic diene-alcohol precursor (see scheme) could serve

as such building block for their synthesis via controlled Pd-catalyzed cascade cyclization reactions. We

demonstrated, for the first time, a simple link between diene-alcohol cores and diverse medium-sized spiroether

architectures. We have also noticed that precursors, employed as a platform for syntheses of spiroethers, possess

the capacity to act as standalone cores of numerous natural products (such as dysidolide, halmic acid,

angolensate and others). Our study, therefore, was inspired by the assumption that synthetic diene-alcohol

scaffolds, which are small, rigid, and highly reminiscent of natural scaffolds, could serve as operational ligands

for development of a neurotropic lead compound. Many diene-alcohol-based natural products have been firmly

established to demonstrate pharmacological activities. Thus, we were motivated to apply our designed

architectures to the discovery of novel neurotropic compounds using the pheochromocytoma (PC12) cell

neuronal model. We investigated the neurotropic effect of a broad library of diene-alcohol and other related

derivatives by comparison to NGF, a known neurotropic factor. Micrographs of the cells were collected by using

a light microscope camera, and digitized photographs were analyzed for compound-induced neurotropic activity

using an NIH image protocol. The results indicate that the alkene element, integrated within the

cycloalkylacetate core, is indispensable for neurotropic activity. By employing this line of research, our ultimate

aim is to single out a small molecules, bearing potential for treatment of brain disorders, caused by insufficient

trophic support.
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Tricyclic spiroether structures can frequently be observed as scaffold segments of various biochemical

compounds and drugs of natural origins. Examples of these structures have been identified among carbohydrates,

terpenoids and alkaloids. Unfortunately, access to a large number of these target molecules and their structural

analogues is either unknown or hindered by their multistep syntheses. We realized that most of the tricyclic

spiranoid ethers might be derived from a simple and common collective precursor via a controlled intramolecular

sequence of transformations. We discovered that monocyclic diene-alcohol precursor (see scheme) could serve

as such building block for their synthesis via controlled Pd-catalyzed cascade cyclization reactions. We

demonstrated, for the first time, a simple link between diene-alcohol cores and diverse medium-sized spiroether

architectures. We have also noticed that precursors, employed as a platform for syntheses of spiroethers, possess

the capacity to act as standalone cores of numerous natural products (such as dysidolide, halmic acid,

angolensate and others). Our study, therefore, was inspired by the assumption that synthetic diene-alcohol

scaffolds, which are small, rigid, and highly reminiscent of natural scaffolds, could serve as operational ligands

for development of a neurotropic lead compound. Many diene-alcohol-based natural products have been firmly

established to demonstrate pharmacological activities. Thus, we were motivated to apply our designed

architectures to the discovery of novel neurotropic compounds using the pheochromocytoma (PC12) cell

neuronal model. We investigated the neurotropic effect of a broad library of diene-alcohol and other related

derivatives by comparison to NGF, a known neurotropic factor. Micrographs of the cells were collected by using

a light microscope camera, and digitized photographs were analyzed for compound-induced neurotropic activity

using an NIH image protocol. The results indicate that the alkene element, integrated within the

cycloalkylacetate core, is indispensable for neurotropic activity. By employing this line of research, our ultimate

aim is to single out a small molecules, bearing potential for treatment of brain disorders, caused by insufficient

trophic support.
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Protective groups are essential in organic syntheses and numerous such groups have been developed. Methylene

acetal is one among the most popular protective group for diols and is stable under basic to medium acidic

conditions. This stability, however, can make deprotection difficult, often requiring strongly acidic conditions.

During the study of protection of diol to methylene acetal,

1

 we found unexpected transformation reaction of

methylene acetal under mild reaction conditions. Then we investigated the reaction conditions and we found that

the combination of PhSTMS and N-bromosuccinimide (NBS) is the best conditions for the conversion from

methylene acetal to bromoformates. (Scheme 1).

2

 A variety of functional groups, including esters, ethers and

halogens, were tolerated under the reaction conditions.

Further application of this reaction is the transformation of bromoformates to epoxides (Scheme 2). The

treatment of bromoformates with NaOMe afforded the corresponding epoxides in good to high yields. In

addition, a one-pot conversion of methylene acetal to epoxide was achieved.
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Quinazolines and benzofurans have earned great interest in targeted therapies as antitumor drugs. Among the

quinazoline analogues, the 4-aminoquinazolines are selective and effective inhibitors of the epidermal growth

factor receptor tyrosine kinase (EGFR-TK) phosphorylation, which results from competitive binding at the ATP

site.

1-3

 The benzofuran–appended 4-aminoquinazoline 6a–h were synthesized by merging the

7-aminobenzofurans 4 with the 4-chloroquinazolines 5a and 5b as represented in Scheme 1.

 

 

Scheme 1: Design of benzofuran-appended 4-aminoquinazolines using molecular hybridization

Compounds 6a–h were evaluated for cytotoxicity in vitro against the A549, Caco-2) and C3A cell lines and for

potential to induce apoptosis. Their capability to inhibit the EGFR-TK was evaluated experimentally

complemented with molecular docking studies into the ATP binding site of the EGFR.
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The presentation will focus on a novel approach to design hybrid organic and organometallic physiollogically

active compounds based on computer-aided design, new synthetic approaches and extensive biological

screenings.

This study is focused on the construction of hybrid compounds with dual modes of action possessing

2,6-dialkylphenol group as a α-tocopherol mimetic and metal center. The hybrid compounds might show either

prooxidative activity or antioxidative activity. The presence of metal atom allows extensive modification

including coordination to the targeted specific groups to control and tune toxicity-activity profiles.

The synthesis and anti/prooxidant activity and cytotoxicity studies of novel hybrid compounds are presented and

discussed.

The biological activity has been studied in in vitro, ex vivo, in vivo experiments in lipid peroxidation and

mitochondria-associated processes, by using neurons, liver homogenates and in enzymatic reactions (xanthine
oxidase, lipoxygenase, glutathione reductase, thioredoxin reductase).

Thus, we can conclude that the combination of two physiologically active moieties in a complex molecule is a

promising approach to find the novel hybrid therapeutic agents with opposed biological mode of action.
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PGE2 SYNTHESIS AMELIORATE THE COGNITIVE IMPAIRMENT IN

MICE INDUCED BY SCOPOLAMINE

Yoonhyoung Moon (1), Sun Young Kim (1), Hong Bin Yoon (1), Jae Kyun Lee (2), Kyung-Tae Lee (3), Jae

Yeol Lee (1)

1) Research Institute for Basic Sciences and Department of Chemistry, College of Sciences, Kyung Hee University, Seoul
02447, Republic of Korea

2) Center for Neuro-Medicine, Brain Science Institute, Korea Institute of Science and Technology, Cheongyang, Seoul
02792, Republic of Korea

3) Department of Life and Nanopharmaceutical Science, Kyung Hee University, Seoul 02447, Republic of Korea

Our previous research showed that a novel series of phenylsulfonyl hydrazide derivatives reduced LPS-induced

PGE

2

 levels in RAW 264.7 macrophage cells via an inhibition of mPGES-1 enzyme. However, two regioisomers

of phenylsulfonyl hydrazide exhibiting a wide range of biological activities were formed depending on the

reaction conditions. In order to avoid this synthetic problem, a series of new benzenesulfonyl amides as

analogues of phenylsulfonyl hydrazides was synthesized and biologically evaluated in vitro. As a result, 

MPO-0112 strongly suppressed LPS-induced PGE

2

 production (IC

50

: 0.34 mM) with excellent selectivity over

COX-enzymes (COX-1 and 2) and also inhibited mPGES-1 enzyme (IC

50

: 7.37 mM) comparable to those of 

MPO-0063. According to the recent studies on the close correlation between up-regulation of mPGES-1 and

Alzheimer's disease, we investigated whether MPO-0112 can ameliorate scopolamine-induced memory

impairment using the passive avoidance test. The memory impairment-ameliorating effect of MPO-0112 (1.0

mg/kg, p.o.) was effective comparable to that of donepezil (5 mg/kg, p.o.) as a positive control. In addition, 

MPO-0112 exhibited a favorable in vitro CYP profile, which is suggestive of no potential drug–drug

interactions. Therefore, these overall results suggest that MPO-0112 as selective mPGES-1 inhibitor may be a

novel therapeutic agent for diseases associated with cognitive deficits, such as Alzheimer's disease.
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CONSTRUCTION OF CHIRAL α-THIO-QUATERNARY

STEREOGENIC CENTERS VIA PHASE-TRANSFER CATALYZED

ENANTIOSELECTIVE α-ALKYLATION OF

α-ACYLTHIOMALONATES

Eunhye Park, Min Woo Ha, Byunggil Yang, Hyeung-geun Park

Research Institute of Pharmaceutical Sciences and College of Pharmacy, Seoul National University, Seoul 151-742, Korea

Organosulfur compounds play important roles in biological system. Two of natural amino acids contain sulfur

residues and their functional groups mediate various biological process. Also there are a lot of commercially

available organosulfur compounds as best-selling drugs. As the need of variable sulfur containing compounds for

the development of new drug is getting increased, the development of asymmetric synthetic methods of chiral

organosulfur compounds with chirality residing at the carbon in connection with sulfur have been gradually

important. So we planned to develop a new efficient method for the synthesis of chiral tertiary α-thio-malonates

via the enantioselective phase-transfer catalytic α-alkylation. As a result, α-acylthiomalonates were developed as

substrate and successfully applied to the phase-transfer catalytic α-alkylation in the presence of (S,S
)-3,4,5-trifluorophenyl-NAS bromide to afford the corresponding α-acylthio-α-alkylmalonates in high chemical

yields (up to 99%) and optical yields (up to 98% ee). In terms of diversity, the advantage of our α-alkylation

method compared to the direct electrophilic α-sulfenylation is that a variety of chiral compounds can be easily

prepared simply by changing the alkylating reagent in high enantioselectivity. To the best of our knowledge, this

is the first report to accomplish enantioselective catalytic synthesis of quaternary α-thio-α-alkylmalonates.
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RUPPERT-PRAKASH REAGENT AS A DIFLUOROCARBENE

SYNTHETIC EQUIVALENT FOR THE SYNTHESIS OF

MEDCHEM-RELEVANT BUILDING BLOCKS

Pavel Nosik (1,2), Sergey Ryabukhin (1,2), Oleksandr Grygorenko (1,2), Dmitriy Volochnyuk (2,3)

1) National Taras Shevchenko University of Kyiv, Volodymyrska Street, 60, Kyiv 01601, Ukraine
2) Enamine Ltd, Chervonotkatska 78, Kyiv 02094, Ukraine

3) Institute of Organic Chemistry, National Academy of Sciences of Ukraine, Murmanska Street 5, Kyiv 02094, Ukraine

Difluorocyclopropanes have gained much attention as privileged structural motifs in medicinal chemistry since

they combine two structural features widely recognized as attractive for early drug discovery, while fulfilling the

recent lead-likeness criteria such as Ro2 for building blocks. Although numerous reagents for the construction of

the difluorocyclopropane moiety were discovered in the last 50 years, until recently, these building blocks were

considered as relatively hardly accessible. In 2011, Prakash, Olah and co-workers described the first use of the

Ruppert–Prakash reagent (CF

3

SiMe

3

) – readily available and inexpensive starting material – for the

difluorocyclopropanation of double bonds. In our work, we have expanded this methodology for the preparation

of difluorocyclopropanes possessing functional groups suitable for the transformations most often used in

medicinal chemistry (i.e. amines, carboxylic acids, ketones, hetaryl-substited compounds etc.). Moreover, we

have established structure – reactivity relationship for the widest scope of substrates and showed that the process

is governed mainly by electronic and to lesser extent – by steric factors, which can be explained by partially

nonsynchronous transition state during addition of difluorocarbene (carbenoid) to the double bond [1].

Development of the slow addition protocol allowed extending applicability of the CF

3

SiMe

3

– NaI system

towards substrates which have been previously referred to as unsuitable for this difluorocyclopropanation

method (such as acrylic and cinnamic acids).
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AN EFFICIENT APPROACH TO NOVEL

TETRAHYDROPYRIDOAZEPINES. EXPANSION OF AZEPINES'

DRUG-LIKE CHEMICAL SPACE.

Sergey Ryabukhin, Dmitriy Volochnyuk, Oleksandr Grygorenko, Andrii Subota

Enamine Ltd., Chervonotkatska Street 78, Kyiv 02094, Ukraine

The quest for lead-oriented synthesis proposed by medicinal chemistry in early 2010s have prompted for design

and study of low-molecular-weight, hydrophilic, conformationally restricted and sp

3

-enriched molecular

scaffolds. Fused azepanes are promising chemotypes which comply with these criteria and in most cases possess

sufficient novelty; moreover, azepane is in the top 100 most frequently used ring systems in small molecule

drugs. 6,7,8,9-Tetrahydro-5H-pyrido[3,2-c]azepines (1), which contain fused azepane and pyridine rings, were

evaluated as cannabinoid (CB2) receptor modulators (2), H

1

-antihistamines (3), serotonin (5HT

2c

) receptor

agonists (4) and other biologically active compounds.

In this work, we report an alternative approach to novel and known, but hard-to-reach, tetrahydropyridoazepines

of general formula 1. Our methodology based on modification of chloro- or bromosubstituted pyridines 2through

appropriate ketoazides 3 to final azepines in 6-8 steps. (Scheme 1).

In conclusion, the developed methods for the preparation of tetrahydropyridoazepines included 6-8 steps and

gave the title products in 7.7% overall yield and up to 10-20 g scales.
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SYNTHESIS OF GEM-DIFLUOROCYCLOPENTANE/HEXANE

BUILDING BLOCKS – USEFUL REAGENT FOR DRUG DISCOVERY

Sergey Ryabukhin, Dmitriy Volochnyuk, Oleksandr Grygorenko, Kostiantyn Melnykov, Dmitriy

Sibgatulin

Enamine Ltd., Chervonotkatska Street 78, Kyiv 02094, Ukraine.

Fluorinated cycloalkane building blocks are important structural motifs which become increasingly important in

various areas, and most of all in drug discovery and agrochemistry. One of the most prominent examples of this

concept is related to development of Maraviroc (1), an antiretroviral drug approved by FDA in 2007. In this case,

using 4,4-diflurocyclohexanecarboxylic acid (2) as a building block for the modification of optimized substance

resulted in the compound with unique antiviral profile and lack of affinity for the hERG channel. It is not

surprising therefore that compound 2 and other building blocks bearing 4,4-difluorocyclohexyl moiety were

widely used in medicinal chemistry since then. On the contrary, isomeric and homologous gem
-difluorocycloalkanes 3–6 were much less explored to date. Derivatives of these building blocks were evaluated

as potent and selective cathepsin inhibitors, cholesteryl ester transfer protein (CETP) inhibitors, antibacterial

agents, muscarinic M

3

 receptor antagonists, bradykinin B

1

 receptor antagonists, and opioid receptor-like 1

(ORL1) antagonists.

We describe a practical approach to gem-difluorocyclopentane/hexane building blocks 7–14 starting from

appropriate ketoesters type 15 in 10-100g scale.
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GOLD(I)-CATALYZED SYNTHESIS OF 4-ISOXAZOLINES AND ITS

SYNTHETIC APPLICATION
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4-Isoxazoline

1

 (2,3-dihydroisoxazole) is one of the most versatile synthetic intermediates for the preparation of

interesting natural products and pharmaceuticals, and is also frequently found in various biologically active

compounds.

2

 Despite its importance in chemistry and biology, only a few methods for the synthesis of

4-isoxazoline have been developed so far, and there still remains a need for novel efficient synthetic routes for

the preparation of highly functionalized diverse 4-isoxazolines with high regioselectivity under mild conditions.

In this presentation, we will discuss catalytic intramolecular cyclizations of propargylic N-hydroxylamines

leading to 4-isoxazolines. The reactions proceed at room temperature in the presence of 5 mol% (PPh

3

)AuCl

/AgOTf or in 5 mol% (PPh

3

)AuNTf

2

, and rapidly afford 4-isoxazoline derivatives in good to excellent yields.

3

This method was successfully applied to the stereoselective synthesis of a ceramide transporter protein

(CERT)-dependent ceramide-trafficking inhibitor, (1R,3S)-HPA-12 (Figure 1).

4
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BIOLOGICAL, ANTIOXIDANT AND CHOLINESTERASE INHIBITION

ACTIVITY STUDIES ON NAPHTHO[1,2-d]/[2,1-d]OXAZOLES

Ivana Šagud, Irena Škorić

Department of Organic Chemistry, Faculty of Chemical Engineering and Technology, University of Zagreb, Marulićev trg
19, 10000 Zagreb, Croatia

Numerous 4/5-styryloxazoles were prepared and transformed into [1,2/2,1-d]-naphtooxazoles [1,2] by reaction

of photochemical cyclization. Naphtooxazoles are hard to synthesize by ground chemistry methods and we have

described a first photochemical synthesis of these compounds [1].

All of the precursors as well as the final products are described by spectroscopic methods. After these

compounds were synthesized they were further tested for biological activity, antioxidant properties [2] as well as

metabolic stability [3]. Results of the bioassays as well the results for the antioxidant properties will be presented

on the poster. They also proved to be potent acetyl- and butyryl-cholinesterase inhibitors and these results will

also be given and interpreted on the poster.
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INHIBITORS OF TISSUE TRANSGLUTAMINASE
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Tissue transglutaminase (TG2), the most ubiquitous member among the human transglutaminase enzyme family,

is responsible for various modifications to proteins, particularly cross-linking of proteins into large molecular

weight polymers that are more resistant to degradation. Under stress, adventitious cross-linking due to

overexpression of TG2 has been implicated in numerous diseases such as celiac disease, fibrosis,

neurodegenerative disorders and cancer. Therefore, TG2 is an ideal target for the development of potent,

selective inhibitors with acceptable toxicity. Among TG2 inhibitors, irreversible inhibitors have been the most

widely developed but their further progress in clinical trials is prevented due to potential toxicity. Our research

has focused on the development of a new series of allosteric TG2 inhibitors containing no reactive functionality

based on the structure of a lead allosteric inhibitor LDN-27219 [1, 2]. Computational modelling techniques

including protein-ligand docking and molecular dynamic simulations have been used to identify the presumed

allosteric site and then to design small molecules with optimal fit into the site. A series of potential allosteric

inhibitors have been successfully synthesised, characterised and is about to be screened in vitro against TG2.
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ACYLHYDRAZONES AS POTENT INHIBITORS OF HUMAN

15-LIPOXYGENASE-1

Ramon van der Vlag (1), Hao Guo (2), Nikolaos Eleftheriadis (2), Vladislav V. Gopko (1), Leticia Monjas

(1), Frank J. Dekker (2), Anna K. H. Hirsch (1,3)
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Antonius Deusinglaan 1, 9713 AV Groningen, The Netherlands
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Human 15-lipoxygenase-1 (15-LOX-1) is implicated in several inflammatory lung diseases such as chronic

obstructive pulmonary disease (COPD), asthma and chronic bronchitis as well as in various CNS diseases, such

as Parkinson’s and Alzheimer’s disease.

1

 In a previous study, a substituted indole emerged as a potent inhibitor,

which is hampered by its lipophilicity.

2

 To address this issue, we used an acylhydrazone-based combinatorial

library in order to screen a variety of hydrazides in combination with the initial indole aldehyde hit. The

acylhydrazone products are potent 15-LOX-1 inhibitors and are predicted to have less lipophilic character.

Screening of such a combinatorial library with a sensitive assay represents a powerful tool to identify new

inhibitors for unstable and/or precious protein targets.
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Multicyclic peptides provide a very attractive molecular format for the design of novel therapeutics.

[1]

 Therefore,

novel routes for synthesis and HTS-screening of this fascinating class of compounds are desperately needed. A

decade ago, we launched a novel one-pot scaffold-assisted peptide-cyclization technology platform, termed

“CLIPS”, to generate a new class of bicyclic peptides

[2]

 able to act as potent inhibitors of hitherto undruggable

therapeutics targets.

[3]

Following this, we now present a next-generation technology that combines both the CLIPS and CuAAC

technology in order to create a novel class of isomerically pure tricyclic peptides.

[4]

 We present four different

CLIPS/CuAAC scaffolds and show their behaviour in the one-pot synthesis of tricyclic peptides.

Scheme 1: Tandem CLIPS/CuAAC reactions of a linear peptide onto T4 scaffolds to generate tricyclic peptides
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BIS(DIBENZYLIDDEMEACETONE)PALLADIUM(0)/TERT-BUTYL

NITRITE-CATALYZED CYCLIZATION OF O-ALKYNYLANILINES

WITH TERT-BUTYL NITRITE: SYNTHESIS AND APPLICATIONS OF

INDAZOLE-2-OXIDES

Gopal Chandru Senadi, Jeh-Jeng Wang

Department of Medicinal and Applied Chemistry, Kaohsiung Medical University, Kaohsiung 80708, Taiwan

Azaheterocyclic compounds have widespread applications in biology, chemistry and materials science. In

particular, N-oxides of these molecules are ubiquitous structural motifs found in alkaloids and bioactive

compounds and have several chemical applications. The classical approach to synthesize N-oxides is from the

corresponding azaheterocyclic molecules with oxidants, such as peroxy acids. However, this method has certain

limitations, such as the unselective over-oxidation of other N-atoms present in the molecules, the excessive

amount of strong oxidant needed and the requirement of previously prepared parent heterocycles. Herein, we

present an efficient method for the synthesis of 1-benzyl/arylindazole 2-oxides via a bis(dibenzylideneacetone)

palladium(0) [Pd(dba)

2

]/tert-butyl nitrite (TBN)-catalyzed reaction of o-alkynylaniline derivatives with TBN.

The overall transformation involves the formation of three new bonds via N-nitrosation (N–NO), 5-exo-dig

cyclization (C– N) and oxidation (C=O). The notable features are the mild reaction conditions, broad substrate

scope and dual role of TBN as an NO source and redox co-catalyst. This strategy was implemented for the

synthesis of indazole-3-carbaldehyde derivatives and the formal syntheses of pharmaceutically active YC-1, an

anticancer agent (lonidamine), and the male contraceptive experimental drugs AF2785 and adjudin (AF-2364).

1
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ENANTIOSELECTIVE SYNTHESIS OF CHIRAL

α-AZIDO-α-ALKYLMALONATE AND

α-ARYLOXY-α-ALKYLMALONATE VIA PHASE-TRANSFER

CATALYZED α-ALKYLATION OF α-BROMOMALONATES,

FOLLOWED BY SN2 SUBSTITUTION

Byunggil Yang, Doyoung Kim, Eunhye Park, Hyeung-geun Park

College of Pharmacy, Seoul National University, Seoul 151-742, Korea

The synthesis of optically active nitrogen- or oxygen-containing organic compounds is very important in

medicinal chemistry due to their versatile biological activities and pharmaceutical applications. The

enantioselective synthetic methods for the α-amino-α-alkylmalonates and α-hydroxy-α-alkylmalonates have not

been extensively studied. So we planned to develop a new method for the synthesis of chiral tertiary

α-azido-malonates and α-aryloxy-malonates via the enantioselective phase-transfer catalytic α-alkylation. As a

result, an efficient enantioselective synthetic methods for α-azido-α-alkylmalonates and

α-aryloxy-α-alkylmalonates were successfully developed via the S

N

2 substitution of azide and aryloxide to chiral

α-bromo-α-alkylmalonates, prepared by asymmetric phase-transfer catalytic α-alkylation of diphenylmethyl

tert-butyl α-bromomalonate. The α-alkylation of diphenylmethyl tert-butyl α-bromomalonate under

phase-transfer catalytic conditions (50% KOH, toluene, –40 °C) in the presence of (S,S
)-3,4,5-trifluorophenyl-NAS bromide afforded the corresponding α-bromo-α-alkylmalonates in high chemical

yields (up to 99%) and high optical yields (up to 97% ee), which could be readily converted to

α-azido-α-alkylmalonates (up to 99%, 98% ee) and α-aryloxy-α-alkylmalonates (up to 71%, 93% ee) by S

N

2

substitution with sodium azide and aryloxides, respectively. The synthetic potential of this methodology was

demonstrated via the synthesis of various versatile chiral intermediates.
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The synthesis of new building blocks is witnessing significant prominence in medicinal chemistry discovery

programs and allows to anticipate the needs in the term of the crafting of those building blocks. The needs of

new 3-D structure derivatives are always very important and development of new strategies is always highly

researched.

Recently, Dixon et al described the use of an iridium catalyst (Vaska’s catalyst) to introduce a cyanide group

instead of the carbonyl group of amide leading, in 1 step, to an a-aminonitrile.

1

 This moiety is very interesting in

term of scope since it could lead to further derivatizations.

 

Scheme 1. Iridium-Catalyzed Reductive Strecker Reaction Amide and potential derivatizations.

After optimization of the protocol, the α‐amino nitriles were successfully obtained on strained cycles

(bicycloalcane) and spirocycles. The protocol is simple to perform and broad in scope.
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MONOFUNCTIONAL 3-CHLOROPIPERIDINES TARGETING

GUANOSINE RESIDUES: SYNTHESIS, ADDUCTS FORMATION AND

CYTOTOXIC PROPERTIES
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For the hardly predictable mechanisms of tumor onset and the extremely variegated responses to state-of-art

treatments, cancer represents one of the most arduous and challenging diseases of our time. Despite the

successes of targeted therapy in treating cancer, the high cost of treatment with the new biologics are a limit to

their use, both in the developed and developing countries, and alternative and inexpensive drugs are needed. In

this direction, our studies started focusing on the synthesis and development of a new class of piperidine-based

analogues of nitrogen mustards formally derived from the antibiotic and antineoplastic compound 593A. A first

generation of bis-alkylating derivatives demonstrated the improved DNA alkylating properties of these

compounds compared to the well-known nitrogen mustard chlorambucil, currently used in therapy [1-3].

With the aim to explore the chemical space of these alkylators, a new set of monofunctional chloropiperidines

has been synthesized through a fast and affordable route providing high yields and purity. These molecules,

whose common structure is shown in Figure 1, are characterized by a common chloropiperidine ring with

alternative substituents at the nitrogen atom (aliphatic or aromatic) and possible endocyclic methylation. We

investigated the mechanism and potency of DNA alkylation in vitro through electrophoretic techniques;

additional experiments were performed to dissect the kinetics of reactions and to characterize the formation of

adducts with specific DNA bases (Gs). Moreover, compounds were also tested for their interference with the

activity of the human Topoisomerase II. Molecules were finally tested ex vivo on cancer cell lines in order to

determine their cytotoxicity profile and to analyze the effect on the genomic DNA material. Results showed that

nanomolar concentrations of these new monofunctional agents exhibit a very promising cytotoxic effect on a

panel of tumor cell lines.

                     Figure 1. Chemical structure of the analyzed monofunctional chloropiperidines.
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Upregulation of sialyltransferases (STs), the enzymes responsible for the addition of sialic acid to growing

glycoconjugate chains, and the resultant hypersialylation of tumour cell surfaces is an established hallmark of

many cancers including lung, breast, ovarian, pancreatic and prostate cancer 

[1]

. The critical role of ST enzymes

in tumour cell growth and metastasis, as well as links to multi-drug and radiation resistance, have seen STs

emerge as a target for potential antimetastatic cancer treatments. There is also evidence showing

down-regulation of some STs in neurological disorders such as Alzheimer’s, schizophrenia, autism, and others –

highlighting the need for selective inhibition. While multiple examples of potent ST inhibitors are seen in the

literature, several challenges remain before they can proceed to the clinic including improving potency and

selectivity, as well as addressing pharmacokinetic issues and synthetic accessibility. Herein, we present

computational and synthetic studies towards a new generation of ST inhibitors, based on 1,2,3-triazole-linked

compounds.

Computational modelling has also been undertaken using available structures of human STs to gauge potential

selectivity for ST8 (altered expression in melanoma and prostate cancer, as well as in neurological disorders)

over other ST3 and ST6 subtypes. These studied have revealed structural differences between substrate binding

sites in ST subtypes whereupon variation of the nucleoside fragment could enhance selectivity 

[2]

.

To synthesise 1,2,3-triazole-linked inhibitors, a click reaction between an α‑azidophosphonate and 5′-alkynyl

uridine was utilised. Biological testing has been undertaken against various human ST subtypes with promising

data observed. Results of the computational modelling, synthesis and biological evaluation of these novel ST

inhibitors as potential anti-metastatic agents will be presented.
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The structure of 7-methylguanosine takes part in several different metabolic processes, that are crucial for

functioning of eukaryotic cells. Due to its biological importance, several analogs od 7-methylguanosine are

found in biological, biochemical and medicinal applications.[1,2] The aim of our work was to create selective

inhibitors of different 7-methylguanosine-dependent processes. Proteins, that recognize 7-metylguanosine

moiety share several similarities in mechanism of substrate binding. On one hand, this allows for an easy

identification of structural features, that facilitate interactions in the binding sites.[3] On the other hand, those

similarities leave little place for modifications, that would allow for a very selective inhibition. We developed a

synthetic strategy, involving Suzuki cross-coupling reaction, that allowed for a quick and efficient synthesis of a

library of 7-methylguanosine oligophosphates analogs modified in C8 position. Next, we performed screening

studies of our compounds with selected proteins, that take part in mRNA metabolism: eIF4E, DcpS and

cNIIIB.[4,5] Our studies show, that tested proteins exhibit different tolerance towards some of our compounds.

The results suggest, that applied methodology can lead to a better understanding of the mechanisms of

7-methylguanosine binding and compounds with a therapeutic potential.

This project was financed by Foundation for Polish Science (TEAM/2016-2/13).
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N6

-Substituted adenosines (cytokinin nucleosides) are an important group of biologically active natural

compounds with broad spectrum of biological activities such as cytokinin, anticancer, antiviral, antiprotozoal

and some others [1]. Recently, we demonstrated that naturally occurring plant cytokinin nucleosides

6-benzylaminopurine riboside (BAPR) and N6

-isopentenyladenosine exhibited potent antiviral effect on human

enterovirus EV71, but were rather cytotoxic [2,3]. Thus, we selected BAPR as a promising compound for further

optimization to identify more potent and selective compounds. We demonstrated that a number of BAPR analogs

with different structure of the linker between the amino group of adenine heterocycle and the phenyl ring

exhibited a pronounced antienteroviral activity [3]. The SAR study clearly showed that the antiviral activity is

greatly dependent on the size of the linker and that a linker with a length of 2 or 3 carbon atoms provides the

most potent activity. Furthermore, the compounds with double and triple bonds in the linker structure have better

selectivity [3]. The compounds were prepared using the recently worked-out methodology for regioselective

alkylation of N6

-acetyl-2′,3′,5′-tri-O-acetyladenosine with alcohols under Mitsunobu reaction conditions or with

alkyl halides promoted by a base. The removal of acetyl groups with 4M PrNH

2

 in MeOH affords the desired

nucleosides in good overall yields after chromatographic purification [2,3].

Modification of the phenyl ring in BAPR structure is another perspective approach for the optimization.

Therefore, a series of BAPR analogs with different substituents at the phenyl ring has been obtained [4]. The

traditional approach for the preparation of N6

-alkylated or N6

-arylated adenosines is the substitution of the

chlorine atom in commercially available 6-chloropurine riboside with alkyl- or arylamines. To simplify the

separation procedure, we have used 2′,3′,5′-tri-O-isobutyroyl-6-chloropurine riboside directly in the substitution

reactions as an initial synthon [4]. Our SAR study clearly shows that the presence of small substituents at phenyl

ring of BAPR significantly increases antiviral effect. Monofluorination of phenyl ring leads to the high cell

toxicity. Interestingly, the incorporation of a second fluorine atom resulted in a significant improvement of

selectivity. Moreover, N6

-trifluoromethylbenzyladenosines exhibited also high antiviral activity with low

cytotoxicity. As a result, the lead compound containing trifluoromethyl group at position 3 of the phenyl ring

exhibited selectivity index 230 times higher than that in BAPR [4].

Thus, we have modified the structure of the natural cytokinin nucleoside BAPR to obtain a number of

compounds with high antiviral activity on the human enterovirus EV71 and low cell toxicity.

This work was supported by Russian Foundation for Basic Research (grant No 16-04-01594).
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Nucleotides such as adenosine triphosphate (ATP), and nucleosides, in particular adenosine, are not only utilized

as intracellular building blocks or as a source of energy (ATP), but also have important functions as extracellular

signalling molecules. ATP may be envisaged as a danger signal, and upon its release, various signalling

pathways can be induced leading to platelet aggregation and proinflammatory effects.

1,2

 In order to terminate

nucleotide signalling, the released ATP is hydrolyzed yielding the anti-inflammatory and immunosuppressive

nucleoside adenosine.

1

 This is achieved by ecto-nucleotidases, which are located in the cell membrane with an

extracellular catalytic site.

1-3

 Nucleoside triphosphate diphosphohydrolase1 (NTPDase1, CD39) and nucleotide

pyrophosphatase/phosphodiesterase1 (NPP1) are the main enzymes that convert ATP to AMP, which is

subsequently dephosphorylated by  ecto-5'-nucleotidase (e5NT, CD73) yielding adenosine.

3

 NTPDase1 is

mainly expressed on endothelial and immune cells, and its expression is upregulated, together with that of CD73,

in inflamed tissues and on cancer cells. The production of immunosuppressive, tumour growth-stimulatory and

angiogenic adenosine contributes to the immune escape of cancer cells.

2,3

 Due to their pathophysiological roles,

NTPDases represent potential drug targets that require further validation. For this purpose, potent, selective and

metabolically stable antagonists need to be identified, which is the main goal of this project.

In the literature, several NTPDase1 inhibitors have already been described. These are, however, only weakly

potent or non-selective. Therefore, based on the structures of two known nucleotide-based inhibitors,

ARL-67156 (1)

4

 and 8-butylthio-AMP (8-BuS-AMP, 2)

5

, new compounds were designed and synthesized in

order to study their structure-activity relationships as NTPDase1 inhibitors, and to improve their potency and

selectivity.
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Recent discoveries of new classes of highly potent and selective deazapurine nucleoside cytostatics

(6-hetaryl-7-deazapurine ribonucleosides

1

, 7-hetaryl-7-deazaadenosines

2 

or 7-hetaryl-7-deazapurine nucleosides

bearing methoxy, methyl or methylsulfanyl groups in position 6

3

) indicate that there is a space for modification

in the „major groove“ part of the molecule. These results inspired us to design and synthesis of (het)aryl-fused

7-deazapurine ribonucleosides. First class of such tricyclic nucleosides, pyrimidoindole nucleosides, was not

cytotoxic, however, few derivatives showed interesting antiviral (especially anti-dengue) activities.

4,5

 In order to

expand the space of such fused deazapurines and to investigate the effect of the size of the fused ring on

biological activities, we designed and synthesized two series of isomeric thieno-fused 7-deazapurine

ribonucleosides bearing various groups in position 4 of the pyrimidine ring.

The target nucleosides were synthesized in 5–6 steps starting from simple 4,6-dichloropyrimidine and 2- or

3-iodothiophene by a sequence involving Negishi coupling, nucleophilic azidation, cyclization of tetrazoles,

glycosylation and Suzuki or Stille coupling or nucleophilic substitution. 

Two series of the final nucleosides were synthesized and tested for cytostatic and antiviral activities.

6

 Several

compounds from both series (especially methyl, methoxy and methylsulfanyl derivatives) exerted

sub-micromolar cytostatic activities against broad panel of leukemia and cancer cell lines with lower toxicity to

normal fibroblasts. Detailed synthesis, biological activities as well as results from investigation of mechanism of

action will be discussed on the poster. 
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Aminoacyl-tRNA synthetases (aaRSs) catalyze an important step in protein translation, attaching an amino acid

to its cognate tRNA. These essential enzymes are therefore considered as viable targets for the development of

novel antimicrobial agents.

1

 A typical organism has 20 different aaRSs, which can be split into two distinct

structural classes. Taking the well-known aminoacyl-sulfamoyl adenosines (aaSA) as lead compounds, we have

evaluated the importance of the N

3

-position of the adenine by synthesizing a number of 3-deaza congeners

(aaS3DA) and assessing their inhibitory activity. We observed a clear class bias, with a dramatic loss of activity

for aaS3DA analogues targeting class II enzymes when compared to the equivalent aaSA. Crystallographic

studies indicated a conserved water molecule to be important for base recognition within class II enzymes.

2

We have therefore now synthesized six aaSA analogues in which the adenine is substituted by

3-methyl-3-deazaadenine, thus providing the methylated congeners (aaS3MDA) of the 3-deaza derivatives.

Again, both aaRS classes have been targeted to obtain a comparative inhibitory profile. Where we expect only a

small influence of the additional methyl moiety for class I enzymes, increased hydrophobic contacts and entropic

gain by the release of water should govern enzyme-ligand interactions, and could potentially restore inhibitory

activity against class II enzymes. The newly synthesized compounds are presently under evaluation and we will

report on their interaction studies.
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Although dozens of antiproliferative drugs already exist, the treatment of many types of leukemia and tumors

still has a low success rate. Many substituted 7-deazapurine nucleosides showed various biological activities,

but, despite extensive study of this type of compounds, there is still a potential for the development of new

antiviral and anticancer drugs. Recently, our group discovered, patented and published several classes of potent

cytostatic compounds – substituted (het)arylo-fused 7‑deazapurine ribonucleosides with a fused benzene,

thiophene, furan or 5-methylpyrrole ring. Some of these derivatives showed micromolar, even nanomolar

cytostatic and cytotoxic activities against a broad panel of cancer cells and promising antiviral activities against

HCV and Dengue viruses.

1

Based on these results, we decided to prepare and explore biological activities of similar pyrido-fused

7‑deazapurine ribonucleosides possessing nitrogen atom in different positions in the fused pyridine ring. Desired

nucleobases were synthesized starting from corresponding chloronitropyridines. The synthesis employs key

nucleophilic substitution of chlorine atom with ethyl cyanoacetate, reduction with zinc dust followed by

cyclisation using formamide and chlorination. Obtained nucleobases were then subjected to Vorbrüggen

glycosylation to provide the benzoylated β-nucleosides. Free ribonucleosides were subsequently prepared using

different palladium-catalyzed coupling reactions and nucleophilic substitutions with subsequent or simultaneous

deprotection. All final nucleosides are being tested for their biological activities.

This work was supported by the Academy of Sciences of the Czech Republic (RVO 61388963 and the Praemium

Academiae award to M. Hocek), by the Czech Science Foundation (16-001785 to M. Hocek) and by Gilead

Sciences, Inc.

References

1) a) Tichý, M.; Pohl, R.; Xu, H. Y.; Chen, Y.-L.; Yokokawa, F.; Shi, P.-Y.; Hocek, M. Bioorg. Med. Chem. 2012, 20,

6123–6133; b) Tichý, M.; Pohl, R.; Tloušťová, E.; Weber, J.; Bahador, G.; Lee, Y.-J.; Hocek, M. Bioorg. Med. Chem. 2013,

21, 5362–5372; c) Tichý, M.; Smoleń, S.; Tloušťová, E.; Pohl, R.; Oždian, T.; Hejtmánková, K.; Lišková, B.; Gurská, S.;

Džubák, P.; Hajdúch, M.; Hocek, M. J. Med. Chem. 2017, 60, 2411–2424; d) Hocek, M.; Smoleń, S. B.; Tokarenko, A.;

Džubák, P.; Hajdúch, M.: WO201802465A1..

191



P144

MECHANISM OF MOLECULAR RECOGNITION OF RNA APTAMER

TO HUMAN IMMUNOGLOBULIN G

Hisae Yoshida (1), Takeshi Ishikawa (2), Taiichi Sakamoto (3), Kenji Yamagishi (1)

1) Graduate School of Engineering, Nihon University 1 Nakagawara, Tokusada, Tamuramachi, Koriyama, Fukushima,
Japan

2) Graduate School of Biomedical Sciences, Nagasaki University 1-12-4 Sakamoto, Nagasaki, Nagasaki, Japan
3) Faculty of Advanced Faculty of Advanced Engineering, Chiba Institute of Technology 2-17-1 Tsudanuma, Narashino,

Chiba, Japan

RNA aptamers are short single-stranded nucleic acids with high affinity and specificity for their target

molecules, which can be nucleic acids, proteins, or small organic compounds. Aptamers, therefore, have many

potential applications in medicine and technology. RNA aptamers can take a variety of three dimensional

structures and the single stranded regions are commonly used as recognition sites and building blocks.

Recently, a RNA aptamer that binds to the Fc portion of human IgG1 (hFc1) has been identified. The crystal

structure complexed with the hFc1 has been solved. This aptamer contains six Watson-Crick type base pairs, two

non-canonical base pairs, and one base triple. Base are continuously stacked in G1-U6, G7-G12 and A13-C23,

whereas the flipping bases of U6 and G7 are not stacked. The flipped base of G7 stabilized following

interactions: the stacking interaction between the G7 base and the side chain of Tyr373, the hydrogen bonds

between N2 of G7 base and the carbonyl oxygen of Gly402; and van der Waals contacts between the G7 base

and 2’-fluoro of U6 ribose. These results indicate that base flipping motif of RNA aptamer plays important role

to recognize the target molecule.

In this study, to elucidate the mechanism of molecular recognition of RNA aptamer to human IgG1, we carried

out ab initio fragment molecular orbital (FMO) calculations for the aptamer/hFc1 complex. We analyzed the

interaction energy of all base-residue pairs by using the inter–fragment interaction energy (IFIE) analysis based

on FMO calculations.
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The cap structure, which is modification present at the 5’-end of eukaryotic mRNA has at least two major

functions. It protects RNA chain from hydrolysis caused by exonucleases and it interacts with eukaryotic

Translation Initiation Factor 4E (eIF4E) creating the eIF4F translation initiation complex, which initiates protein

biosynthesis process.

1 

It has been shown, that aberrant cap dependent translation in cancer cells is related to

overexpression of eIF4E.

2 

Furthermore it has been also shown, that inhibition of eIF4E expression reduces tumor

growth and malignancy without eliciting toxicity.

3 

The cap structure is thereby an attractive starting point for the

drug design. However, although several analogs of cap have demonstrated utility as therapeutics, their usability

is limited by the low membrane permeability.

4 

As one of the solutions to overcome this obstacle, development of

prodrug methodology involving pronucleotides has been proposed.

4

We report chemical synthesis of novel 7-methylguanosine monophosphate (m

7

GMP) pronucleotide analogs

bearing phosphoramidate or thiophosphoramidate moiety. Phosphoramidate moiety was introduced through

Yoshikawa phosphorylation followed by addition of ammonia to obtain analog 1 or via Mukaiyama-Hashimoto

activation of m

7

GMP and coupling with a tryptamine to obtain compound 3. Analogs 2a, 2b, 4a, 4b, as two pairs

of diastereomers bearing thiophosphoramidate moiety were synthesized through modified Yoshikawa

phosphorylation method followed by addition of an ammonia or a tryptamine. Each pair of diastereomers were

separated using the RP-HPLC. Introduction of the phosphoramidate moiety, which concerns prodrug

methodology was expected to increase cell permeability owing to the phosphate charge masking effect.

5 

The

thiophosphate modification was introduced to increase the affinity for eIF4E. We also synthesized previously

reported translation inhibitor pronucleotide 5 as a reference for further biophysical and biological studies.

Enzymatic activation of the pronucleotides were investigated in HEK extracts. It has demonstrated that obtained

compunds are transformed enzymatically from their pronucleotide form to corresponding nucleotide in cell

extracts.
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Dinucleotides are a subclass of nucleotides which play many biological functions in leaving organisms. The

nucleotides fulfil various regulatory and signaling functions, for example purine dinucleotide polyphosphates act

as agonists of receptors involvedin various cellular processes[1]. Compounds that perform such different and

important functions and their synthetic analogs are interesting from the therapeutic point of view and the

elucidation of cellular mechanisms [2].

The aim of our work was to analyze qualitatively, understand fragmentation pathways, and propose general rules

for the fragmentation of dinucleotides, as previously reported for mononucleotides [3]. In this work, we analyzed

parent ions of mono- and doubly charged dinucleotides in negative and positive ion mode using tandem mass

spectrometry (MS/MS) with electrospray ionization and triple quadrupole analyser. We especially focused on the

fragmentation of biologically and therapeutically important dinucleotides with different modifications in the

oligophosphate bridge such as phosphorothioate, boranophosphate, fluorophosphate, and

methylenebisphosphonate.Based on the results we were able to find characteristic signals for introduced

modification and determine probable fragmentation pathways for dinucleotides. The results of our research can

be useful in analysis of natural dinucleotide modifications in biological samples, investigation and identification

of nucleotide-based drugs and prodrug metabolites and studying the pathways of their metabolism, as well as

identification of dinucleotide analogs produced by chemical synthesis.
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NOVEL N7-BENZYLATED DINUCLEOTIDE 5'CAP ANALOGUES -

SYNTHESIS, PROPERTIES AND CAP-PROTEIN INTERACTIONS
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    All eukaryotic mRNAs have a unique structure located at their 5’end, called 5’cap. It consists of a modified

nucleoside – N

7

-methylguanosine – linked to the first transcribed nucleotide of mRNA through 5’-5’

triphosphate bridge. Cap influences mRNA stability and functions owing to its specific interactions with

numerous proteins and enzymes associated with mRNA maturation, translation and degradation. The significant

biological role of the cap makes it a good object of chemical modifications.

    Synthetic cap analogues may find applications in medicine as specific binders to eIF4E (eukaryotic

translational initiation factor), a protein overexpressed in cancer cells. Previous studies showed that replacement

of the N

7

-methyl group of the N

7

-methylguanosine monophosphate with a benzyl group increased binding

affinity to eIF4E.

[1]

    We synthesised and studied the properties of a new series of dinucleotide cap analogues containing differently

substituted benzyl groups in N

7

-position of guanosine. To obtain the analogues, N

7

-benzylated guanosine

monophosphates were synthesised by N-alkylation of guanosine with respective benzyl bromide (Fig.A). Then

guanosine diphosphate was converted into P-imidazolide through Mukaiyama-Hashimoto reaction. Finally, the

N

7

-benzylated guanosine was coupled with P-imidazolide of guanosine diphosphate in the presence of ZnCl

2

(Fig.B) giving the respective cap analogue.

[2]

Our approach resulted in obtaining fifteen new N

7

-benzylated cap analogues, which differ in the type and

position of the substituents in benzyl moiety. The synthesised compounds were characterised by high resolution

mass spectrometry (HRMS) and 

1

H NMR spectroscopy. Thereafter all analogues were preliminary tested in

biochemical context, including measurement of binding affinity to eIF4E, incorporation into mRNA by SP6

RNA Polymerase during transcription in vitro, and ability to promote the expression of luciferase protein in

HeLa cells.
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The 5' mRNA cap protects mRNA from 5' to 3'-exonuclease degradation and has an important role in gene

expression processes including translation initiation. The cap interacts with various proteins involved in mRNA

metabolism which have often been linked to disease development. Therefore, synthetic cap analogues are useful

in wide range of applications, including modulating activity of several key cap-dependent enzymes. One of them

is Decapping Scavenger enzyme (DcpS) – a pyrophosphatase degrading cap structures released from mRNA 3'

to 5' decay, cleaving the triphosphate chain within the cap to release m

7

GMP and a 5′-diphosphate from the rest

of the molecule. DcpS is also a molecular target in Spinal Muscular Atrophy (SMA) treatment, hence its

inhibitors are potential therapeutic agents. Fluorescent molecular probes that bind to DcpS with high affinity can

be used in search of tightly binding DcpS inhibitors as potential therapeutics for SMA. Here, we designed and

synthesized a fluorescently labelled mRNA cap analogue with resistance and high binding affinity to DcpS

(Figure). The key modification to achieve both features was phosphorothiolate group neighbouring to

7-methylguanosine moiety. Carboxyfluoresceine dye was attached to the base of second nucleoside via diamine

linker using NHS chemistry. The preliminary spectroscopic and biochemical properties of the probe and its

applications for discovery of DcpS inhibitors by fluorescence polarization method also will be presented.
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IDENTIFICATION OF IN VIVO ACTIVE HITS FROM THE GSK

TRES-CANTOS ANTI-KINETOPLASTID SET (TCAKS) AGAINST

CHAGAS DISEASE
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Chagas disease, a major cause of cardiac disease in many countries of Latin America, is caused by Trypanosoma
cruzi, a kinetoplastid protozoan parasite.

[1]

 At present there is no vaccine against this illness and the current

available drugs (benznidazole and nifurtimox) present severe side effects and show variable efficacy.

[2]

Therefore, new drugs to prevent this disease are needed.

In 2015, GSK Tres Cantos identified and published the TCAKS, which contains 222 compounds as potential hits

against T. cruzi.[4]

 These compounds shown high potencies, low host cell cytotoxicities and good

physico-chemical properties in vitro. Previously, Tarleton et at. reported development of a rapid and efficient in
vivo assay in which up to 30 compounds can be evaluated in less than 1 week to screen for compounds with in
vivo activity.

[3]

 This protocol uses a single oral dose administration using a small quantity of compound (approx.

10 mg) and whole animal imaging pre-and post-treatment to determine in vivo efficacy in mice. Hits which show

activity in this model have a high probability of success in the Chagas in vivo chronic model (3 months).

In this work we present four hits which have been identified from the TCAKS. They have shown similar in vivo
efficiency indexes as the current chemotherapies. These promising results have allowed us to start a SAR of one

of these families for lead identification.

References

1) Trend. Parasitol. 2016, 22, 583-588

2) N. Engl. Med. 2014, 370:20, 1899-1908

3) PLoS Negl. Trop. Dis. 2010, e74

4) Sci. Rep. 2015, 5: 8771

P148

STEREOSELECTIVITY OF THE BINDING OF (R)-[11C]ME-NB1
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Background. In the course of our search for a suitable radioligand for the positron emission tomography (PET)

imaging of the GluN2B-subunit of the NMDA receptor, we have identified a racemic benzazepine compound

denoted (rac)-[11

C]Me-NB1 as a suitable GluN2B imaging agent

1

. We have now established in a recent study

that the two enantiomers (R)-[11

C]Me-NB1 and (S)-[11

C]Me-NB1 exhibit distinct behaviors in in vitro

autoradiographic studies on murine brain tissues as well as in vivo PET imaging using Wistar rats. These results

were unexpected although it is well known that enantiomers can have distinct pharmacodynamic profile when 

compared to their respective racemic mixtures.

Methods.  Separation of the phenol precursor (rac)-NB1 was achieved by a chiral Reprosil column. Both

enantiomeric pure precursors (R)-NB1 and (S)-NB1 were radiolabeled with [

11

C]CH

3

I. The absolute

configurations of (R)/(S)-Me-NB1 were determined by X-ray crystallography. In vitro autoradiographic studies

were performed on rat and mouse brain slices, and blocking experiments were performed in order to determine

the selectivity and specificity of the radioligands. In vivo PET experiments were performed with male Wistar

rats and PET data was evaluated with PMOD (PMOD Ltd., Switzerland). Preclinical receptor occupancy studies

with CP101,606, a GluN2B-antagonist, was included in the radiotracer evaluation.

Results.  Carbon-11 labeling of the R- and S-enantiomers of Me-NB1 was accomplished using [

11

C]

iodomethane in 42 ± 9 % radiochemical yield (decay corrected). The molar activity was 204 ± 80 GBq/µmol (n =

66) at the end of synthesis and radiochemical purity was >99%. Autoradiographic experiments revealed

significant differences between the binding patterns of (R)-[11

C]Me-NB1 and (S)-[11

C]Me-NB1 on murine brain

tissue sections. (R)-[11

C]Me-NB1 showed a heterogeneous distribution pattern with high binding to GluN2B-rich

regions such as the cortex, striatum, thalamus and hippocampus. The specificity and selectivity of (R)-[

11

C]

Me-NB1 towards GluN2B were confirmed by using both GluN2B and σ1 receptor selective ligands. (S)-[11

C]

Me-NB1 displayed a homogenous distribution across the whole rat and mouse brain. We established that the

S-enantiomer binds predominantly to the σ1 receptor.

In PET experiments with rats, the brain uptake of (R)-[

11

C]Me-NB1 was generally higher than (S)-[

11

C]

Me-NB1. Efficient blockade was observed for (R)-[11

C]Me-NB1 following the injection of the

GluN2B-antagonist eliprodil (2 mg/kg), but not in the case of (S)-[11

C]Me-NB1. Receptor occupancy study with 

(R)-[11

C] Me-NB1 and CP101,606, a GluN2B-selective antagonist, revealed a value of 158 nM CP101,606

plasma concentration for 50 % receptor occupancy.

Conclusion. A remarkable stereoselectivity of the GluN2B receptor for the R- over the S-enantiomer of

benzazepine compound [

11

C]Me-NB1 was demonstrated in autoradiographic studies on murine brain tissues as

well as in vivo dose-response experiments. (S)-[11

C]Me-NB1 binds predominantly to the σ1 receptor. (R)-[11

C]

Me-NB1 is a promising PET radioligand for imaging the GluN2B subtype of ionotropic NMDA receptor.
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Positron Emission Tomography (PET) is a highly sensitive imaging technique used in cancer diagnosis,

treatment planning and monitoring of therapy response. 

18

F is an optimal PET label considering its half-life (110

min.) and imaging resolution. One of the major challenges in 

18

F PET research is the installation of the weakly

nucleophilic 

18

F

-

 into a  precursor molecule at a late stage in the synthetic route.

1

Fluorinated nucleoside analogues such as gemcitabine represent an important class of therapeutic agents for

different types of solid tumours. Unfortunately issues such as poor cellular uptake (via nucleoside transporters),

the requirement for kinase-mediated intracellular (tri)phosphorylation, and drug resistance (e.g. via catabolism)

represent major problems limiting their therapeutic efficacy. The phosphoamidate ProTide approach is a strategy

to circumvent the limitations of nucleoside analogues to deliver the monophosphate nucleotide to the cellular

target and overcome resistance mechanisms. The gemcitabine ProTide NUC-1031 (Acelarin) provides an

outstanding example of a fluorinated anticancer ProTide currently in Phase III clinical trials.

2

In this study we present the first radiochemical syntheses of 

18

F-ProTides via the fluorination of advanced

precursors bearing sulfonyl-based (nosyl, tosyl) leaving groups.

 

Both 2'-fluoro (FIAU) and 3'-fluoro (FLT) 

18

F

model compounds have been synthesised. An automated synthetic Modular Lab placed into a shielded hot cell

has been used to perform the hot fluorination. The final isolated products have been analysed by radio-HPLC,

LC-MS and a radio TLC, comparing to cold synthetic standards. 

18

F-ProTides represent new PET imaging agents for the direct visualization of uptake and biodistribution of

ProTides in vivo for the first time, providing further confidence in the mechanism of action and uptake kinetics

of this powerful and ciinically validated pro-nucleotide delivery strategy.
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ULLMAN-DERIVED INHIBITORS OF ER-AMINOPEPTIDASES

(ERAPS)
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Endoplasmic reticulum aminopeptidases (ERAP1 and 2) are M1 family zinc metalloproteases playing a key role

in the antigen presentation pathway. These intracellular aminopeptidases trim peptide precursors resulting from

proteins degradation by the proteasome and generate mature antigenic epitope of appropriate length for

presentation on the cell surface by major histocompatibility complex class I (MHCI) molecules. The cytotoxic

T-cells recognition of the extracellular peptide triggers immune response against infected or diseased cells

through biological cascades that lead to cell apoptosis. Thereby ERAPs are major regulators of adaptive immune

responses in humans. GWAS studies have associated polymorphism of ERAPs with predisposition to immune

diseases (i.e. ankylosing spondylitis, Behcet, Birdshot uveitis and type1 diabetes). ERAP1 inhibitor was shown

to delete Th17 response in a model of spondylarthritis (Chen, L., et al. (2016) Annals of the Rheumatic Diseases

75(5): 916-923).Conversely, cancer cells can evade the immune system by stopping the generation of antigenic

peptides and inhibitors of ERAP1 have been shown to affect antigen processing in cultured cells and elicit

cytotoxic T-cell responses in a dose-dependent and affinity-dependent manner (Zervoudi E. et al. PNAS. 2013, 

110, 19890-5). Thus ERAPs have emerged in the past years as potential target for cancer immunotherapy and

treatments for autoimmune  diseases upstream inflammatory chemokines production.

 So far, the ERAP2 inhibitors bear either a phosphinic group or a 1,4-diaminobenzoic acid motif, to bind the

catalytic zinc atom. They display good to excellent activities against ERAP2 (IC

50

 of 240 to 11nM). However,

these inhibitors need to be optimized to achieve better selectivity and druggable properties. In parallel to these

efforts, we chose to develop a fast enzyme-efficient 384-well plate HTS assay, and screen a focused in-house

library to discover new chemical templates able to inhibit ERAP2. One of the hits identified in during the

screening campaign displayed an N-aryl-sulfonamide group. We thus designed and synthesized analogues of this

hit and explored their potency to inhibit ERAP1, 2 and their selectivity towards related IRAP and LAP enzymes.
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2-(TRIFLUOROMETHYL)QUINOLINE-4-AMINE AND

2-(TRIFLUOROMETHYL)QUINAZOLINE-4-AMINE SCAFFOLDS
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Toll-like receptors (TLRs) are pattern-recognition receptors that play an important role in the innate immune

responses against a number of pathogens.

1

 TLR7, one of the 12 functional TLRs discovered up to date, is

recognized as a promising target for the treatment of viral infections, autoimmune diseases and cancer.

2

 For

identification of potential novel ligands of TLR7 our ligand-based virtual screening protocol named LiSiCA was

used, with imiquimod as a query compound.

3

 22 compounds, topologically most similar to the reference

compound, were obtained from different vendors. After biological evaluation of their agonist activity two hit

compounds with similar scaffolds, namely 2-(trifluoromethyl)quinoline-4-amine and

2-(trifluoromethyl)quinazolin-4-amine, were discovered. Concurrently, a simple three-step synthetic procedure

was developed to resynthesize initial hits and prepare a focused library of their analogs. 22 novel compounds

were synthesized and evaluated for TLR7 agonist activity on the HEK293 cell line, co-transfected with hTLR7

gene and an inducible secreted embryonic alkaline phosphatase (SEAP) reporter gene. Activation of hTLR7

receptors triggers higher secretion of SEAP, which could be measured colorimetrically in the supernatant using

Quanti-Blue

TM

 reagent. EC

50

 values of the most potent agonists were determined in the micromolar range, with

the most potent one of 53.1 µM. All active compounds were further tested on HEK293-hTLR8 cells using the

same assay protocol. None of our TLR7 agonists showed any activity on TLR8. Even though our compounds are

less potent TLR7 agonists compared to imiquimod, they show selectivity toward TLR7, thus representing an

important starting point for further studies of small-molecule agonists with novel

2-(trifluoromethyl)quinoline-4-amine and 2-(trifluoromethyl)quinazolin-4-amine scaffolds.
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Tumour-associated macrophages (TAMs) contribute significantly to enhanced malignancy in multiple cancers by

generating an immunosuppressive tumour microenvironment through production of cytokines such as IL-10.

Polarization of these immunosuppressive M2 macrophages toward a pro-inflammatory M1 phenotype is capable

of activating an effective anti-tumour immune response. p38 MAPK has been shown to play a role in polarising

macrophages toward an immunosuppressive M2 phenotype, however, it also has a pro-inflammatory effect in

other immune cells such as T-cells. Macrophage Pharma’s Esterase Motif Technology

TM

 (ESM

TM

) targets

myelomonocytic cells whilst sparing other immune cells. The application of this technology to p38 MAPK will

be described to generate a series of potent ESM

TM

 p38 inhibitors that selectively target myelomonocytic cells.
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Extracellular ATP acts as a proinflammatory signaling molecule via G protein-coupled P2Y receptors and

ATP-gated ion channels (P2X receptors).

1,2

 It is hydrolyzed by several types of  ecto-nucleotidases: in a first

step ecto-nucleoside triphosphate diphosphohydrolases (NTPDases) and nucleotide

pyrophosphatases/phosphodiesterases (NPPs) convert ATP to AMP, which is then further hydrolyzed by

ecto‑5’‑nucleotidase (CD73) to adenosine. Adenosine activates G protein-coupled adenosine (P1) receptors; it

exerts powerful immunosuppressive properties via A

2A

 and A

2B

 adenosine receptor activation.

3,4

 The

well-balanced system of pro-inflammatory ATP and immunosuppressive adenosine is disturbed under several

pathological conditions. Many tumors overexpress ecto-nucleotidases which leads to high levels of adenosine in

the tumor microenvironment resulting in tumor immune escape.

5

 Thus, inhibition of ecto-nucleotidases has been

proposed as a novel strategy in cancer immunotherapy.

6

 The present study was aimed at identifying novel

scaffolds for CD73 inhibitors. Therefore, we established a CD73 assay suitable for high throughput screening

based on the detection of phosphate by malachite green. We adapted the assay to a robotic screening platform

and initially screened a purine target-focused library of 6.000 small molecules. A primary screen resulted in 85

hit compounds (hit rate: 1.4%). For hit validation, a previously developed sensitive radioassay was employed,

7

which led to the confirmation of 27% of the hit compounds. Several new scaffolds were identified, which

inhibited the enzymatic activity by more than 50% at a concentration of 10 µM. Among these dual CD73

inhibitors / adenosine A

2A

 receptor antagonists were identified that showed similar potency at both targets.
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The discovery of indoleamine 2,3-dioxygenase as an important immunotherapy target in cancer treatment has led

to the intensive search for inhibitors in academia and pharmaceutical industry. Indoleamine 2,3-dioxygenase 1

(IDO1) is a heme-containing enzyme catalyzing the oxidation of L-tryptophan to N-formylkynurenine. High

IDO1 expression found in tumor cells triggers the escape from immune system and has been associated with

poor prognosis in several types of cancer [1]. Therefore, our aim was to design and develop novel

small-molecule inhibitors of IDO1 as potential anticancer agents.

The compounds of interest were designed by advanced in silico drug design approaches. Firstly, ligand-based

virtual screening using IDO1 inhibitor epacadostat as a query was performed with our software LiSiCA [2].

Secondly, structure-based screening protocol on the human form of IDO1 enzyme using complementary docking

methodologies (Glide, Fred and our novel ProBiSdock algorithm) was carried out to obtain new structurally

diverse IDO1 inhibitors. 65 commercially available in silico hit compounds were purchased and biochemically

evaluated for IDO1 inhibitory activity in an optimized highly sensitive fluorescence-based end-point assay.

Compounds 1 and 2 (Figure 1) showed promising inhibitory potency against IDO1 with IC

50

 values of 30.8 µM

and 41.5 µM, respectively. According to biochemical evaluation and predicted binding mode from docking

studies, pyrimidin-4(3H)-one scaffold seems to be important for IDO1 inhibitory activity. Furthermore, the

appropriate synthetic procedures were developed, optimized and used for the preparation of a focused library of

analogs of 1 and 2 to systematically explore structure-activity relationships of novel IDO1 inhibitors. Altogether,

pyrimidin-4(3H)-one based IDO1 inhibitors represent an important starting point for further optimization and

development of novel small-molecule cancer immunotherapeutics.

Figure 1. In silico design of IDO1 inhibitors and two hit compounds with pyrimidin-4(3H)-one scaffold.
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Anthocyanins are a large group of phenolic compounds with distinct structural characteristics, well known for

their coloring properties, and are the one of the main pigment categories found in nature. They also have

interesting pharmacological properties, including antioxidant, anti-inflammatory and anticancer activity [1,2,3].

In general, anthocyanins display a lack of stability [4], but acylated anthocyanins are more stable than their

non-esterified counterparts [5]. On the other hand, enzymes have been used extensively over the past decades to

catalyze numerous reactions and they offer several advantages such as regio- and enantio-selectivity in reactions,

along with the possibility of recovering and recycling the catalyst; they are also potentially eco-friendly and

sustainable. Amongst them, lipases can be used for ester formation and hydrolysis on fatty acids, as they are

capable of catalyzing both reactions depending on substrate’s nature and water availability. In this project we

focused on the development of an acylation protocol for natural compounds with enzyme-catalyzed

biotransformation reactions and the investigation of the optimal conditions for their evolution by using lipases of

microbial origin, aiming ultimately to the valorization of anthocyanin-rich food industries’ waste.

The flavonoid disaccharide rutin was chosen as the model system to allow us to establish an efficient,

environmentally friendly procedure while offering, simultaneously, the possibility to develop quick, clear and

robust methodologies, using all the state-of-the-art techniques for the analysis and purification of the synthesized

compounds, which could subsequently be transferred to anthocyanins. After many trials under differentiated

conditions, where various factors were modified, we managed to clarify the role of each component individually

and come up with the parameters that lead to the higher conversion of our substrate with Lipase B immobilized

on acrylic resin to catalyze this reaction. We were then able to translate this method to anthocyanins acylation

and evaluate all the produced compounds for their physicochemical as well as their pharmacological properties

before attempting to incorporate them in novel industrial products.

As scale-up is the key barrier in biotransformations, the procedure developed in this work can ensure a viable

process leading to compounds with ameliorated characteristics that can be formulated in novel cosmeceuticals

and nutraceuticals.
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O-glycoside hydrolase (OGA) is an essential physiological enzyme. It catalyzes the hydrolysis of glycosylated

proteomic serine- and threonine-residues and plays a key role in neurodegeneration

[1]

 acting on APP and

tau-protein of Alzheimer’s diseased tissues. Its inhibition has been shown to affect glycosylation levels by

preventing aggregation and lowering the toxicity of tau-protein.

[2]

Application of an established proline-catalysed tandem α-chlorination aldol-reaction, that is controlled by a

dynamic-kinetic resolution, enabled access to a variety of highly enantioenriched chlorohydrin building blocks.

Subsequent reductive amination and cyclization readily gave rise to a diverse set of iminocyclitols with full

control over three of the four stereocenters (Scheme 1).

[3]

In an effort to rapidly expand the library of compounds, we utilize robust reactions such as cross metathesis,

alkyne-azide cyclization or reductive amination. Furthermore, late-stage photochemical modifications of C-H

bonds developed in our laboratories (i.e. fluorination)

[4]

 are applied to improve overall pharmacokinetic

properties of the final molecules.

All compounds are evaluated for in-vitro affinity to the human OGA-enzyme. Structures with promising

inhibitory activity are forwarded to our collaborators for co-crystallization. Analysis of the structure revealed

binding of the cyclitol backbone to the active site pocket, which competes with the natural substrate and

consequently blocks the catalytically active residues (Figure 1).

[5]

Our current studies aim to develop a highly potent inhibitor with improved brain permeability and metabolic

stability in ongoing mice studies.
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Autophagy is a major intracellular process that facilitates the lysosomal degradation of damaged organelles,

invasive bacteria and aggregate prone proteins. Upregulation of autophagy has been proposed as a strategy to

clear misfolded and aggregated proteins for the treatment of a wide range of neurodegenerative diseases.

[1]

Phosphoinositides are a class of membrane phospholipids involved in intracellular signalling mechanisms which

are interconverted through phosphorylation and dephosphorylation of the hydroxyl groups on the inositol ring.

Phosphatidylinositol 5-phosphate (PI5P) has been shown to increase numbers of autophagosomes and

autolysosomes in a dose dependent manner.

[2]

 The activity of the kinases PI5P4K, which convert PI5P to

PI(4,5)P

2

, are closely linked to the cellular levels of PI5P and, as a result, to the autophagic activity of the cell. In

support of this, knockdown of PI5P4K has been shown to lead to the clearance of mutant huntingtin (mHTT)

aggregates.

[2]

Here we describe our work towards the development of inhibitors of the PI5P4K lipid kinases (α, β and γ

isoforms). By screening diversity, kinase-focused and fragment libraries using multiple techniques a number of

hit compounds were identified for these targets. The resulting inhibitors have been further developed in order to

improve potency and selectivity for each isoform of PI5P4K. Compounds with favourable ADME properties,

including high oral bioavailability and brain penetration in vivo, have been identified. These inhibitors have been

shown to increase autophagy and mHTT clearance in cell based assays, supporting this approach as a tractable

strategy for the treatment of neurodegenerative diseases.

Figure: Inhibition of the lipid kinase PI5P4K leads to accumulation of PI5P, causing an increase in autophagy

and the clearance of aggregated proteins.
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The number of people suffering from Alzheimer’s disease (AD) is growing and it is estimated to reach 70 million

worldwide in 2030. Unless we find an effective therapy [1]. According to the current state of knowledge, it is

unlikely to indicate a single therapeutic mechanism that would allow to cure AD. Therefore, in our studies we

applied multi-target-directed ligands (MTDLs) strategy [2]. Selection of the adequate biological targets for

MTDLs gives the opportunity to develop drugs that would treat both the causes and symptoms of the disease.

According to amyloid hypothesis, aggregation of amyloid β (Aβ) is a crucial pathognomonic process in AD. Aβ

is a product of proteolytic cleavage of the amyloid precursor protein by β secretase (BACE-1) and γ-secretase. In

AD, Aβ peptides aggregate to soluble oligomers and insoluble plaques causing multidirectional neurotoxicity.

Inhibition of the synthesis and the aggregation of Aβ are the most attractive approaches in the development of

amyloid-lowering therapies - a promising disease modifying treatment [3].

Substantial cholinergic deficits observed in the brains of AD patients led to cholinergic hypothesis of AD and the

development of cholinesterase inhibitors (donepezil, rivastigmine, galantamine) as the mainstay of AD

pharmacotherapy. Inhibition of cholinesterases increases the cholinergic neurotransmission and masks the

cholinergic deficits. This effect, however, is only temporary, limited to 6–12 month delay in the progress of the

disease. An improvement of this therapy was shown in clinical trials with 5-HT

6

 receptor antagonist

(idalopirdine) as the add-on therapy [4]. 5-HT

6

 antagonism is a complementary mechanism that potentiate

acetylcholine release but may also alleviate behavioral and psychological symptoms, thereby significantly

improving the quality of life in AD patients. 

Herein, we present the design, synthesis and biological evaluation of a series of MTDLs, that on one hand can

have disease modifying effect by inhibition of BACE-1 and Aβ aggregation, and on the other hand by

cholinesterase inhibition and 5-HT

6

 receptor antagonism can release symptoms of Alzheimer’s disease.

Acknowledgments: this work was supported by the National Science Centre, Poland, grant number 

2016/23/D/NZ7/01328  and 2016/21/B/NZ7/01744.
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Bipolar affective disorder (BD) is a neuropsychiatric disorder characterized by spontaneously alternating

episodes of mania and depression.

1

With an estimated worldwide prevalence up to 4 %, BD is one of the leading causes of disability. The

effectiveness of the standard care is limited (currently used medications only treat symptoms) and it is oftentimes

associated with significant side effects. Hence, there is an urgent need for the discovery of truly

disease-modifying drugs for BD.

2,3

Dopamine D3 receptor (D3R) and glycogen synthase kinase-3β (GSK-3β) are structurally unrelated targets that,

through independent physiological pathways, are believed to play a crucial role in cognition and mood. In this

work, inspired by the idea that the concurrent modulation of these targets could represent a viable strategy for

achieving an effective BD treatment, we applied our recently reported multi-target directed ligands rational

design approach.

4,5

 In particular, combining computer-aided drug design protocols, synthetic efforts, and in vitro
pharmacological evaluation, we developed the first set of analogues endowed with both partial agonist efficacy

at D3R and potent inhibitory activity against GSK-3β (Figure 1). 

Figure 1. General structure of the newly synthesized dual D3R and GSK-3β modulators.
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Serotonin (5-hydroxytryptamine, 5-HT), one of the most important neurotransmitter in the central and peripheral

nervous systems (CNS and PNS, respectively), has been implicated in numerous physiological and

physiopathological processes. Serotonin receptors may be involved in the regulation of impulsivity and

alcoholism, in the different phases of sleep, sexual behavior, appetite control, thermoregulation, cardiovascular

function and recently it has been found to show growth-promoting activity and to be functionally related to

oncogenes. In particular 5-HT

2C

 receptor subtype is considered to be an attractive target for the design of novel

drugs for treatment of CNS-related diseases such as obesity, obsessive compulsive disorders and sexual

dysfunction. Furthermore, the 5-HT

2C

 receptor displays multiple actions on various neurotransmitters and

receptors; abnormalities of 5-HT

2C

 receptors are associated with psychiatric diseases such as depression,

schizophrenia, drug abuse, anxiety and eating disorder. Finally it’s already known that 5-HT

2C

 blockade can

prevent the extrapyramidal side effects induced by atypical antipsychotics. Several chemical classes of agents are

already known for their high affinity toward 5-HT receptors (aminotetralines, ergolines, arylpiperazine,

indolylalkylamines, indoles, etc.) and one of the most studied group is the long-chain arylpiperazine (LCAPs)

one, that have provided interesting drugs acting on CNS (Buspirone) and compounds with a potential therapeutic

profile (Flesinoxan). In continuation of our research program, we designed and synthesized new set of

derivatives where the piperazine-N-alkyl moiety has been linked, via three methylene spacing units, to a

N’-cyanopicolinamidine or N’-cyanoisonicotinamidine fragments as terminal part of LCAPs (Figure 1).

The multireceptor profiles of promising new N’-cyanopicolinamidine or N’-cyanoisonicotinamidine derivatives

towards 5-HT

1A

, 5-HT

2A

 and 5-HT

2C

 receptors were also evaluated in terms of binding affinities for D1, D2 and

α1, α2 receptors. The binding data presented in this study have shed additional light on the influence of the

LCAPs on the 5-HT receptors affinity and selectivity. Finally, compounds with a better affinity/selectivity

profile towards 5-HT

2C

 have been evaluated by in vivo assay (e.i. behavioural tests), to determine their

functional activity.
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Alzheimer’s Disease (AD) is the most common neurodegenerative disorder and a major health problem to

society, with a rising number of patients worldwide. AD has a multifactorial character and develops as a

complex network of interconnected events leading to the evolution of the disease. Thus, the concept of the

multitarget approach is particularly applicable to AD.

Oxidative stress is one of the main causes of neuronal death in AD and oxidative damage is a key process in AD

pathogenesis. Increased hydrogen peroxide formation and elevated free iron concentrations, due to decreased

amount of ferritin, observed in AD patients, generate more reactive oxygen species (ROS). ROS oxidise lipids

and damage membranes in the AD brain. Protein, DNA and RNA oxidation products are increased in several

brain regions in AD patients.

Inflammation and glia activation are observed in AD patients, thus, inflammation is a key target in AD drug

development. 5-Lipoxygenase is overexpressed in AD and contributes to neuronal vulnerability.

Proline amides have been found to improve cognition deficits induced by neurodegenerative diseases. GABA is

the main inhibitory neurotransmitter in brain and decreased GABA levels have been detected in brain regions of

patients with AD, suggesting that abnormalities of the GABAergic system may also contribute to the

pathogenesis of AD.

In this research, we have designed and synthesised novel compounds that contain phenolic acids with antioxidant

activity, such as trolox or ferulic acid, and moieties, such as proline and GABA, aiming to multitarget ligand

design for AD. The compounds were synthesized by amidation of acids using N,N-dicyclohexylcarbodiimide or

carbonyldiimidazole as coupling agents. They were purified by flash column chromatography and identified (

1

H-NMR, 

13

C-NMR, MS).

The synthesised compounds were found to have in vitro antioxidant activity as lipid peroxidation inhibitors (IC

50

values as low as 1.5μΜ) and DPPH radical scavengers, to inhibit lipoxygenase activity and to exert in vivo

anti-inflammatory activity, assessed as paw oedema reduction (40-55% inhibitory activity). Furthermore, some

introductory calculations concerning the blood-brain-barrier penetration were performed, in order to obtain an

indication of their ability to enter the brain.

With the design of the described derivatives we aimed to compounds that would acquire a series of biological

properties able to prevent or restore a number of pathological changes implicated in AD and appearing in the

demented brain. This study has demonstrated that, in general, the synthesised compounds possess a combination

of the desired properties integrated in their molecules.
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Familial mutations in the DJ-1 gene have been linked to the early-onset of Parkinson’s disease (PD). Moreover,

results from studies of neurotoxicant- and alpha synuclein-based in vivo PD models suggest a role for DJ-1 in

sporadic PD. Herein, we describe a drug discovery approach to identify small molecule therapeutic candidates

for the treatment of PD by targeting DJ-1. Our approach is based on the concept that specific binding of small

molecules to wild-type native dimeric DJ-1 can result in enhancing DJ-1 function under oxidative stress

conditions in PD.  Our drug discovery approach involved the use of a high-throughput chemical microarray

surface plasmon resonance imaging method to screen over 110,000 immobilized drug-like fragments and

lead-like compounds to detect the binding between small molecules and the DJ-1 protein. This screen identified

a novel set of drug-like fragment and lead-like compounds that bound to DJ-1 protein. We report herein on one

selected hit compound, and its analogues, which had substantial biological activity in cellular and in vivo models

of oxidative stress.  A selected analogue compound alleviated neuroblastoma cell toxicity and dopaminergic

neuronal loss mediated by paraquat, MPP+, 6-OHDA and MG132 treatment. In addition, this compound

protected from dopamine loss in a MPTP mice model of Parkinson’s disease when administered orally.

Moreover, differential scanning fluorimetry studies showed that this compound increased the melting

temperature of native DJ-1 suggesting that the compound can stabilize the protein. In conclusion, our studies

show that the DJ-1 protein can be targeted by a variety of drug-like small molecules, and that the presented

selected compound is a novel biologically active DJ-1 modulator that serves as a promising drug candidate for

further optimization and development for the treatment of PD.
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The design, synthesis, structure-activity relationship, cytotoxicity studies, in silico drug-likeness, genotoxicity,

and in vivo studies of new 1-aryl-3-substituted propanol derivatives led to the identification of nine compounds

with a promising in vitro and in vivo antimalarial profile against Plasmodium falciparum. In general compounds

exhibited potent antiplasmodial activity against chloroquine resistant strain FCR-3 (IC

50

s < 0.28 µM).

Meanwhile, the most active compounds  showed potent antimalarial activity in chloroquine sensitive and

multidrug resistant strains (IC

50

s < 0.7 µM for 3D7, D6, FCR-3 and C235). All of them share appropriate

drug-likeness profile, adequate selectivity index (77 < SI < 184), and absence of genotoxicity. In vivo efficacy in

mouse model showed two compounds as promising candidates exhibiting a significant parasitemia reduction

(80.4 - 96.4 %). Additional studies such as liver stage and sporogony inhibition, target exploration of Hsp90 P.

falciparum, targeted delivery by immunoliposomes, and enantiomer characterization were performed and

strongly reinforce the hypothesis of APD as promising antimalarial compounds.
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Tuberculosis (TB) is the curable disease that continues to kill, fuelled by the recent increase in multi-drug

resistant infections.[1] In response to the urgent need to combat the rise of resistant infections, the novel

diarylquinoline drug Bedaquiline (BDQ) received accelerated approval from the FDA in 2012. Despite being

highly effective against drug-resistant TB as a result of its unique mode of action (inhibition of mycobacterial

ATP-synthase),[2,3] BDQ has been associated with significant toxicities and issues (hERG mediated

cardiotoxicity, phospholipidosis, long half-life) and as such, safety concerns are limiting its clinical use.[1]

The key objective of this project was to synthesise novel and distinct analogues of BDQ with modified structural

features, designed to retain high potency whilst improving the safety profile and limiting current side effects. To

date, a series of analogues have been synthesised and examined for their activity.

This presentation will outline the development of the synthetic pathways utilised to access these analogues, with

our initial focus being on the replacement of the quinoline core. The latest results on the activity of these

modified BDQ analogues will also be presented.
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In 2014, GSK performed a high-throughput-screen of 1.8 million compounds against three kinetoplastid

parasites. This data was published as an open source in an effort to encourage research and drug development for

these neglected diseases.

1

 A simple arylthioether compound (compound 1) was found to have desirable activity

against Trypanosoma cruzi (the parasite responsible for Chagas disease) and was selected as the hit compound

for this project. The initial investigation led to the discovery of an even more potent compound, with a superior

pIC

50

 of 7.5 (compound 2).

This class of compounds showed promising results in acute in vivo efficacy studies and even more potent

compounds have been developed since. However, several issues have been identified for this chemical series,

such as toxicity and low oral exposure. A full toxicity study was undertaken and several alerts were identified

that relate to CNS and cardiovascular toxicity. In order to address these concerns, future analogues have been

focused to decrease toxicity and increase exposure. This will be achieved by exploring lipophilicity, solubility

and increasing microsomal stability.
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Increased reports of human infections have led fasciolosis, a widespread disease of cattle and sheep caused by

the liver flukes Fasciola hepatica and F. gigantica, to be considered an emerging zoonotic disease. Chemotherapy

is the main control measure available, and triclabendazole is the preferred drug since is effective against both

juvenile and mature parasites. However, resistance to triclabendazole has been reported in several countries

urging the search of new chemical entities and target molecules to control fluke infections.

Quinoxaline 1,4-di-N-oxides derivatives has been described such as antitubercular, antimalarial, antileishmania,

antichagas among others neglected diseases but to the best of our knowledge, no one has evaluated them as

fasciolicidal agents. Taking all of this into account and as a continuation of our search of new anthelmintic drugs

from our in-house chemical library we selected a serie of twenty-eight quinoxaline 1,4-di-N-oxides derivatives in

order to study their ability to inhibit essential cathepsin L of Fasciola hepatica.

We have identified four quinoxaline 1,4-di-N-oxides derivatives as novel inhibitors of the two main cathepsins

secreted by juvenile and adult liver flukes that interestingly  were active towards the newly excysted juveniles

juvenile.

These findings open new avenues for the development of novel agents to control fluke infection and possibly

other helminthic diseases. 
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Chagas disease, caused by the protozoan parasite Trypanosoma cruzi, remains a serious health problem due to

inadequate therapy and lack of an effective vaccine. New drugs that are safe and efficacious are critically

needed.Cruzipain (Cz) the major cysteine protease of the T.cruzi, is the most studied biological target for Chagas

disease; three dimensional structures of the enzyme with a variety of ligands have been resolved.Our recent

study1 showed key interactions of P1, P2 and P3 portion of dipeptidyl nitrile ligands with the respective subsites

S1, S2 and S3 of the enzyme. Specifically, it is already known the importance of hydrogen bonds between the

ligand and residues Asp161, Gly66 and His162 located in S2 and S1 subsites, respectively, for the inhibition of

Cz 2. However dipeptidyl nitrile compounds lack of metabolic stability and selectivity. Therefore we replaced

the amide group in P3/P2 with trifluoromethyl amine group. So we designed, synthesized and characterized over

25 different non-peptidic nitrile based compounds, in order to perform an accurate and extensive SAR based on

kinetic assays values (pKi); in particular we evaluated the importance of stereochemistry in the recognition and

inhibition process. Furthermore all compounds were tested in vitro against T.cruzi and their logP were measured

using RLPC. Compounds Neq0683, Neq0684 and Neq0659 showed the ability to inhibit the Cz in a nanomolar

scale, while compounds Neq0662 and Ne0663presented antitripanosomal activity in the low micromolar range.
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Antimalarial and antitubercular agents with new mechanisms of action are necessary to tackle infections by 

Plasmodium parasites and Mycobacteria that are resistant to current therapies. Fosmidomycin has been shown to

be a well-tolerated, safe and efficacious antimalarial drug in combination treatment. However, its

pharmacokinetic (PK) properties are less than ideal, with only moderate bioavailability and a short plasma

half-life. Moreover, because of the unique highly lipophilic cell wall of Mycobacteria, fosmidomycin cannot

cross the cell wall and thus, is not active against Mycobacteria.

A lot of research has been dedicated to improve the potency of fosmidomycin analogs. However, the problem of

low bioavailability remains. The development of hydrophobic phosphonate and/or hydroxamate prodrugs of

fosmidomycin could improve both oral bioavailability and cell penetration by passive diffusion. To date, only

acyloxymethyl- and alkoxy-carbonyloxymethyl phosphonate prodrugs have been reported, both with only

moderate in vivo activity. The aim of this research is to design and synthesize a broad range of potential

prodrugs with different bioactivation mechanisms in order to enhance in vivo antimalarial and antitubercular

activity as a result of optimized PK properties.

This research demonstrates that a prodrug approach may allow to convert fosmidomycin into agents with

improved permeability characteristics, opening avenues for its use as antimalarial and/or antitubercular drug.

Further optimization of the prodrug pro-moiety is however still needed to obtain more potent analogs, especially

with regard to whole cell antitubercular activity.
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At least 2 billion people have been exposed to date to the Hepatitis B virus (HBV), according to World Health

Organization. HBV exposure leads to chronic infection in 85-95% of infected neonates/children and 5-15% of

infected adults [1]. HBV infection is especially heavy burden for the developing countries [2]. Life-long

nucleos(t)ide therapy is necessary, but still the complete cure has not been achieved. Effective approaches to

chronic hepatitis B virus require complete suppression of viral replication. The HBV capsid protein (Cp) is an

essential component and regulator of the HBV life cycle and it has been recognized as an attractive antiviral

target. Now heteroaryldihydropyrimidines (HAP) are emerged as a promising class of Cp targeted antivirals. The

first HAP compound Bay 41-4109 affects Cp assembly and leads to irregular particles and causes protein

degradation. Structural optimizations have been done by structure-activity relationship studies [3;4].

 

 

 

So far, we have found structures that partially (1a and 1b) or even dramatically (1c and 1d) suppress HBV

replication in vitro, presumably, through different mechanisms of action.  Direct analysis of intracellular Cp

assembly products using native agarose gel electrophoresis showed, that compounds 1a and 1d diminish

production of correct HBV capsids, and along with increase of HAP concentration accumulation of misassembled

Cp particles have not been detected. On the contrary, 1c and 1b derivatives induce production of Cp aggregates.
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Hepatitis C Virus (HCV) infections pose a major public health threat globally, with infected individuals being at

risk of developing chronic liver disease, cirrhosis and hepatocellular carcinoma. There is no vaccine available

and despite advances in current chemotherapy, the global burden of HCV infections remains high, due to their

partial effectiveness or resistance. The flaviviruses Dengue (DENV), Yellow fever (YFV), and Zika (ZIKV)

cause diseases ranging from mild febrile illness to severe encephalitis or hemorrhagic syndromes. Despite the

extensive research on flaviviral diseases, there is no clinically approved therapy, thus, they constitute high

priority targets for drug discovery. Because of all the above and based on literature reports on metal-chelating

agents inhibiting HCV NS5B-polymerase,

[1]

 the development of novel scaffolds of metal-chelators with antiviral

properties was undertaken.

By utilizing docking-scoring calculations, structural insight regarding HCV inhibition was obtained, prompting

the rational design and synthesis of novel carbocyclic-(spiro)substituted hydantoin-derivatives, bearing the

acetohydroxamic acid metal-chelating group upon the imidic nitrogen, and a variety of lipophilic substitutions at

the amidic nitrogen.

The compounds were evaluated for their effect on HCV RNA replication and cell viability (ATP and luciferase

assays), exhibiting EC

50

 values ranging from 0.08 to 4.50 μΜ, in Huh7 reporter subgenomic replicon cell lines

of genotype 1b, and remarkable Selectivity Indexes rising up to 781. As flaviviruses are members of the

Flaviviridae family, along with HCV, and share several similarities among their homologous metalloenzymes

(NS5B/NS5 RNA-dependent RNA polymerase and NS3 protease/helicase)

[2],[3]

 prompted us to evaluate the

most potent anti-HCV compounds against DENV, YFV and ZIKV. 

The preliminary anti-flaviviral results, of low μΜ EC

50

 values, observed for many compounds (EC

50

 0.07 μΜ,

2.76 μΜ, and 0.44 μΜ for DENV, YFV and ZIKV respectively) are highly encouraging and, along with

theoretical simulations, suggest that the novel framework of metal-chelators we developed, offers a highly

promising starting point for the design of potent and broadly effective antiviral agents with dual-target potential.

Analysis of resistance mutations and modeling studies are currently underway to further characterize their

inhibition mechanism.
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Malaria, a mosquito-borne infectious disease, caused by protozoan parasites of the Plasmodium genus, is an

endemic disease in most tropical regions of the globe that still represents a major public health problem with

nearly half a million deaths reported just in 2016.

[1]

 Plasmodium infection progresses initially through a liver

stage of parasite development, followed by a blood stage cycle, responsible for disease symptoms. Moreover,

two species of Plasmodium, P. vivax and P. ovale, can remain latent in infected hepatic cells and are responsible

for relapses and therapeutic failure.

[2]

Despite the existing therapeutic arsenal, parasite resistance is an established concern for most drug classes, with

growing reports of increased tolerance to artemisinin in some parasite strains. These hurdles clearly demonstrate

the necessity for the development of drugs displaying novel mechanisms of action that can overcome both the

resistance cases and fill the existing void of liver stage active compounds. 

[3]

Torin2, an ATP-competitive mTOR kinase inhibitor, has been recently disclosed as a potent antimalarial with in

vivo activity against both liver and blood stages. 

[4]

 Although no Plasmodium orthologs of mTOR exist, some

proteins show a relatively high sequence similarity to the human mTOR at the kinase catalytic domain,

corroborating the hypothesis that Torin2 acts by a different mechanism of action compared to the drugs already

in clinic. Still, due to its strong interaction with the human mTOR, Torin2 cannot be regarded as an ideal lead

compound.

In order to unveil the structural features responsible for the antimalarial activity as well as those that relate to

parasite-host selectivity, we built up a library of new Torin2 analogues, which were screened against both liver

and blood stage parasites cultures, and we report the synthetic methodology as well as the structure-activity

relationships (SAR) obtained in order to identify suitable lead compounds for further development (Figure 1).

Equipped with that knowledge, and through minimally disruptive insertions of a photoreactive moiety and a

handle for “click chemistry” we prepared a library of photoaffinity-based probes aimed at identifying the

molecular target for this class of compounds. 

Acknowledgements: This work is supported by Fundação para a Ciência e Tecnologia (FCT), Portugal through

grants: PTDC/QEQ-MED/7097/2014, Pest-OE/SAU/UI4013/2014, ROTEIRO/0028/2013 and PhD fellowship

awarded to JG (PD/BD/128260/2016) through the MedChemTrain PhD Programme. ASR is a FCT Investigator

(IF/01034/2014).

References

1) WHO. World Malaria Report. 2016.

2) Prudêncio M.; Rodriguez, A.; Mota, M. M. Nature Rev. Microbiol. 2006, 4, 849.

3) Lu, F.; Culleton, R.; Zhang, M.; Ramaprasad, A.; von Seidlein, L.; Zhou, H. et al. N. Engl. J. Med. 2017, 376, 991.

4) a) Liu, Q.; Wang, J.; Kang, S. A. et al. J. Med. Chem. 2011, 54, 1473 b) Hanson, K. K.; Ressurreição, A. S.; Buchholz, K.;

Prudêncio, M. et al. Proc. Natl. Acad. Sci. U. S. A. 2013, 110, E2838.

P179

STRUCTURE OF MEMBRANE BOUND PYROPHOSPHATASE FROM

THERMOTOGA MARITIMA IN COMPLEX WITH

IMIDODIPHOSPHATE AND N-[(2-AMINOBENZO[d]THIAZOL

-6-YL)METHYL]-1H-INDOLE-2-CARBOXAMIDE

Keni Vidilaseris (1), Alexandros Kiriazis (2), Ainoleena Turku (2), Ayman Katthab (3), Niklas G.

Johansson (2), Teppo O. Leino (2), Paula S. Kiuru (2), Gustav Boije af Gennäs (2), Seppo Meri (3), Jari

Yli-Kauhaluoma (2), Henri Xhaard (2), Adrian Goldman (1,4)

1) Department of Biosciences, Division of Biochemistry, University of Helsinki, Helsinki, Finland
2) Drug Research Program, Division of Pharmaceutical Chemistry and Technology, Faculty of Pharmacy, University of

Helsinki, Helsinki, Finland
3) Malaria Research Laboratory, Department of Bacteriology and Immunology, Haartman Institute, University of Helsinki,

Helsinki, Finland
4) School of Biomedical Sciences and Astbury Centre for Structural Molecular Biology, University of Leeds, Leeds, UK

Membrane-bound pyrophosphatases (mPPases) can be found in many human pathogens including Plasmodium
species, the protozoan parasite causing malaria.

1

 These large homodimeric integral membrane proteins generate

an ion gradient across the acidocalcisomal membrane by hydrolysis of pyrophosphate (PP

i

). The mPPases are

essential for the parasites as PP

i

 is a by-product from many biosynthetic pathways and too high concentrations of

PP

i

 may disturb physiological reactions. Although mPPases can be found in many pathogenic protozoan

parasites they do not exist in humans, thereby making them promising drug targets. The first structure of a

mPPase was solved in the Goldman laboratory.

2

To date, only phosphorus-containing inhibitors of mPPases have been reported, limiting their therapeutic utility.

Our aim is to develop novel protozoan mPPase inhibitors capable of disrupting the essential ion gradient of the

pathogenic parasites in order to decrease their viability. Herein, we present a novel organic inhibitor of the 

Thermotoga maritima PPase through screening efforts. The compound inhibited the enzyme activity

uncompetitively with an IC

50

 of 1.7 mM. In addition the binding mode was solved by X-ray crystallography at

3.7 Å resolution together with the substrate analogue, imidodiphosphate. The hit compound binds to the protein

monomer near the exit channel, forming a hydrophobic clamp that lock the enzyme conformation in the closed

state thus preventing hydrolysis and sodium pumping activity.
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Recently from a whole-organism motility screen of the “open scaffolds” library against Haemonchus contortus (

H. contortus), we identified an oxadiazole-carboxamide hit, namely SN00797439 with an initial IC

50

 of 5.9 µM

and 11 µM against the exsheathed L3 (xL3) and L4 larval stages respectively. The hit represented a promising

space for medicinal chemistry optimization.  To probe the first-generation anthelmintic structure-activity

relationships (SAR), a set of analogs had been synthesised and assessed for their activities. One analogue from

the first-generation SAR with improved activity was chosen for second-generation SAR elaboration that we will

herein discuss in details. 
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Despite being an old disease, tuberculosis remains the leading cause of death from infectious diseases at present

time

1

. Among anti-tuberculars, pyrazinamide particularly has captured research attention. Several new specific

mechanisms have been recently identified by which pyrazinamide exerts its antimycobacterial effect. This

achievement opened a window for possible structural modifications in order to improve its biological activity

and overcome emerging resistance. We will discuss two derivatization approaches of pyrazinamide. In the first

series (1), urea moiety was introduced to the pyrazine core. Among all prepared compounds, Propyl

5-(3-phenylureido)pyrazine-2-carboxylate (MICMtb = 1.56 g/mL, 5.19 M) and propyl

5-(3-(4-methoxyphenyl)ureido)pyrazine-2-carboxylate (MICMtb = 6.25 g/mL, 18.91 M) had high

antimycobacterial activity against Mtb H37Rv with no in vitro cytotoxicity on HepG2 cell line 

2

. In the second

series (2), different pyrazine sulfonamides were prepared. Synthesized compounds are being evaluated for their

biological activities, including anti-infective and any possible anti-cancer properties. Obtained results will be

discussed in the poster presentation.

The study was supported by the Grant Agency of Charles University (projectC-C3/1572317) and Czech Science
Foundation (project No. 17-27514Y).
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Human African Trypanosomiasis (HAT) is a fatal parasitic disease caused by infection with either Trypanosoma

brucei gambiense, responsible for the chronic infection, or Trypanosoma brucei rhodesiense, responsible for the

acute infection. HAT is endemic in sub-Saharan Africa where it is transmitted to humans by tsetse flies. Over 65

million people living in endemic areas are at risk of contracting HAT and about 5000 new HAT cases are

reported annually. The disease has two stages: a first-stage hemolymphatic infection where the parasites replicate

in blood and lymphatic system, and a second-stage infection after parasite migration to the CNS. There is no

effective vaccine and current treatment options are limited and often inadequate as they require hospitalization

and show toxicity and reduced efficacy due to parasite resistance. T brucei infections are always fatal if

untreated highlighting that the development of new drugs against HAT remains a strong humanitarian need.

The identification of a new series of potent and non-cytotoxic T. brucei growth inhibitors will be reported.

Phenotypic screening of a subset of compounds from IRBM collection against the parasite led to the

identification of several compounds that inhibited growth of T. brucei at submicromolar concentrations and were

nontoxic to mammalian cells. SAR around one of our hit compounds led to analogs with low nanomolar growth

inhibitory activity and no cytotoxicity in different cell lines that show promising permeability of the blood-brain

barrier (BBB). Data from in vitro biological profiling and in vitro and in vivo stability and metabolism studies

will be disclosed together with studies on the mechanism of action and work toward obtaining proof-of-concept

in an in vivo efficacy model will be presented.
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Tuberculosis (TB) remains a major global health problem, with an estimated 9 million new cases and 1.5 million

deaths per year. Although progress has been made to reduce the global incidence of TB, the emergence and

spread of drug resistance threatens to undermine these efforts.1

One of the enzymes involved in the mycobacterial fatty-acid biosynthesis pathway II (FAS-II) in Mycobacterium

tuberculosis (Mtb) is InhA, a NADH-dependent, enoyl-acyl carrier protein reductase. This is the target of

isoniazid, a first-line drug for treatment of TB. Isoniazid is a pro-drug that is enzymatically activated by KatG, a

mixed function catalase/ peroxidase. Resistance to isoniazid is mainly the result of mutations in KatG that reduce

its activation of isoniazid, and to a lesser extent, to mutations in the InhA active site. Therefore, compounds that

directly target InhA are promising candidates for treatment of infections caused by isonoazid-resistant strains.

Tetrahydropyran derivatives was one of several compound classes of direct InhA inhibitors discovered by

GlaxoSmithKline trough a high-throughput screening campaign.2,3 During the EU-funded 7th Framework

Project ORCHID, limited structure-activity relationship (SAR) study of tetrahydropyran derivatives was

undertaken, without significant improvement of activity.4

In the next round of SAR studies we focused on substitution of tetrahydropiran moiety for more rigid structures.

N-cycloalkylamide derivatives and 1,2,3,4-tetrahydropyrrolo[1,2-a] pyrazine derivatives (Figure 1.) retained

InhA inhibitory activity and are currently subject of further optimization.
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Neglected tropical diseases (NTDs) affect a large proportion of the world's population and impose a huge

economic and health burden on developing countries. From the 17 core NTDs defined by the World Health

Organization, 3 are caused by protozoan pathogens: Leishmaniasis (Leishmania spp.), Human African

Trypanosomiasis (Trypanosoma brucei), and Chagas Disease (Trypanosoma cruzi). One powerful approach to

fight the dearth of drugs for NTDs has been directed at repurposing established knowledge about classes of

molecular targets that the pathogen holds in common with humans, being protein kinases one of the main

focuses of target repurposing strategies in parasitic diseases.

1

We have recently disclose Torin2, an ATP-competitive mTOR kinase inhibitor,

2

 as a potent antimalarial with in
vivo activity against both liver and blood stages, capable of curing liver stage infection with a single,

well-tolerated oral dose and presenting a distinct mode of action compared with currently used antimalarials.

3

These findings inspired us to further explore this kinase inhibitor in other protozoan parasites and our results

showed that the compound is consistently efficient against T. brucei, T. cruzi and L. amazonensis (IC
50

 in the

nM region).

In this report, we will described the optimization of a single chemotype capable of targeting several NTDs (

Figure 1), disclosing a library of novel Torin2 analogues which was screened for in vitro activity against

multiple protozoan parasites, as well as, against human cell lines. The structure-activity relationships (SAR)

obtained unveiling the structural features which control selectivity and potency towards the parasites, allowing to

identify suitable lead compounds for further development. We will also report our preliminary findings regarding

in vivo efficacy and our efforts concerning the development of biocompatible click probes for live-cell imaging

and target-drug profiling of these inhibitors.

Figure 1: Optimization of Torin’s chemotype with activity against multiple protozoan parasites.
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Chagas disease affects 8 to 10 million people worldwide, mainly in South and Central America. Currently, only

two drugs are used for the pharmacological treatment, however, them efficacy is limited, therefore, is urgent

obtain new therapeutic options. In the last years, trans-sialidase of Trypanosoma cruzi (TcTS), has been

considered as a good drug target, because this enzyme play an important role in catalyses, transfering sialic acids

from host surface glycoconjugates to Trypanosoma cruzi (T. cruzi) mucin-like surface glycoproteins. In the

search of new non-sugar based inhibitors of TcTS, our research group proposed novel phthaloyl derivatives as

potential trans-sialidase inhibitors.

Forty five novel phthaloyl derivatives (serie A, B and C) were systematically designed and synthetized with

excellente yields (80-90%). The molecular docking analysis on TcTS active site revealed that the compounds

B-11 and C-11 showed the highest predicted binding affinity (-11.1 Kcal/mol)  and hydrogen bond, π-π stacking

and Van der Waals interactions with key amino acid residues Tyr342, Trp312, Arg53 and Glu230. An analysis

by high performance anion-exchange chromatography with pulse amperometric detection (HPAEC-PAD) was

used to determine the inhibition of selected compounds toward TcTS enzyme and found the following trend of

inhibition, series C > B >A. Compounds C-11 and C-4 also exhibited the highest predicted binding affinities

(86.9% and 82.6% respectively). This trend suggests that the high C log P and lipophilic substituents (CH

3

) at 

the phthaloyl group are important in order to increase the TcTS inhibition. The in vitro trypanocidal activity of

all compounds showed not correlation among NINOA and INC-5 strains due to a different expression of

proteins, but series C compounds showed the better trypanocidal and LC

50

 values for both strains.
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The ubiquitin proteasome system is a nonlysosomal pathway by which cells regulate the controlled degradation

of several proteins, not just in cell cycle and apoptosis but also in inflammatory and immune processes,

carcinogenesis, among other clinical situations. Usually in protein homeostasis the defective proteins are

ubiquitinated and are proteolysed into short peptides by the proteasome. Proteasome substrates include, for

example, signalling molecules, tumour suppressors, cell cycle regulators and transcription factors. Proteasome

inhibition results in an interruption of the degradation of these substrates, leading to activation of apoptotic

pathways and, eventually, cell death. Rapidly growing cells, such as cancer cells, are particularly susceptible to

proteasome inhibition mechanisms.[1][2]

This work relies on a computational-based drug discovery approach to find alternative new, selective (and more

effective) small molecules as reversible proteasome inhibitors that can overcome the severe adverse drug

reactions demonstrated by in use drugs. The efforts to discover new anticancer drugs described here combine

different computer-aided drug design techniques (i.e. molecular docking, pharmacophore modeling,

structure-based virtual screening and molecular descriptors calculation) in order to identify potential hit

compounds (picture below). The selected compounds were tested in cell growth inhibition assays, being also

performed inhibition assays for the chymotrypsin-like, trypsin-like and caspase-like activities of the proteasome

using fluorogenic substrates.

[image]

Acknowledgements:Fundação para a Ciência e a Tecnologia (SFRH/BD/104441/2014,

PTDC/QEQ-MED/7042/2014, UID/DTP/04138/2013, SAICTPAC/0019/2015). Salvador J.A.R thanks PT2020

(Programa Operacional do Centro 2020), and the financial support by FEDER (COMPETE 2020 Programme),

project CENTRO-01-0247-FEDER-003269, drugs2CAD.

References

1) Kwong, P. D. et al. Structure of an HIV gp120 envelope glycoprotein in complex with the CD4 receptor and a neutralizing

human antibody. Nature 393, 648–659 (1998)

2) Uchtenhagen, H. et al. Crystal structure of the HIV-2 neutralizing Fab fragment 7C8 with high specificity to the V3 region

of gp125. PLoS One 6, e18767 (2011)

3) Davenport, Y. W., West, A. P. & Bjorkman, P. J. Structure of an HIV-2 gp120 in Complex with CD4. J. Virol. 90,

2112–2118 (2016)

P187

PHENOTYPIC OPTMIZATION OF TRYPANOSOMA CRUZI

INHIBITORS

Maarten Sijm (1), Ewald Edink (1), Kristina M. Orrling (1), Julianna Siciliano de Araujo (2), Susanne

Schroeder (3), An Matheeussen (4), Tiffany van de Meer (1), Payman Sadek (1), Marco Siderius (1), Louis

Maes (4), Dave Brown (3), Maria de Nazare Correia Soeiro (2), Geert Jan Sterk (1), Iwan de Esch (1), Rob

Leurs (1)

1) Division of Medicinal Chemistry, Faculty of Sciences, Amsterdam Institute for Molecules, Medicines and Systems
(AIMMS), Vrije Universiteit Amsterdam, Amsterdam, The Netherlands

2) Laboratório de Biologia Celular, Oswaldo Cruz Institute (Fiocruz), Rio de Janeiro, Brazil
3) School of Biosciences, University of Kent, Canterbury CT2 7NJ, UK

4) Laboratory for Microbiology, Parasitology and Hygiene (LMPH), University of Antwerp, Belgium

Trypanosoma cruzi (Tcr) is a parasite transferred by the kissing bug and is the causative agent of Chagas' disease.

Currently, Chagas' disease is treated with nifurtimox or benznidazole, however dosage regimes of three times

daily for 60-90 days and only a moderate anti-trypanosomal effect in Chagas' heart disease make these drugs far

from perfect.

From a phenotypic screening NPD-0583 and some analogues were identified as a hit; from these the

phenyl-pyrazolone scaffold was identified and optimized on 4 positions. While a whole range of derivatives were

synthesized, current optimized hit (NPD-0227, pIC

50

 T.cruzi = 6.4) is remarkably close to the original hit

(NPD-0583).

 

Several potentital targets of these compound series were investigated, TcrPDEB, TcrPDEC and TcrCYP51.

However, inhibition of these enzymes did not correlate with the observed phenotypic activity. The optimised hit

(NPD-0227) showed significant differences in activity on different strains and forms of the parasite. While

inactive against the bloodstream trypamastigote (pIC

50

 < 4.3), the potency against the intracellular form of the

Y-strain is surpassing (pIC

50

 7.0 vs 5.4) Benznidazole, the current drug of choice against Chagas disease.
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According to World Health Organization data, tuberculosis (TB) is the ninth leading cause of death worldwide

and the leading cause from a single infectious agent, ranking above HIV/AIDS. In 2016, 6.3 million new cases

of TB were reported, which is an increase from 6.1 million in 2015. Drug-resistant TB is also a continuing threat

and such infections can significantly complicate the treatment. Despite noted progress in the pipeline for new

diagnostics, drugs, and treatment regimens, a need for novel agents is obvious and urgent.

1

Mtb enoyl acyl carrier protein reductase (InhA) is an NADH-dependent enzyme that facilitates the reduction of

long-chain trans-2-enoyl-acyl carrier protein fatty acids. It is a key component of the Mtb FAS II pathway and

widely recognized as a validated drug target. The initial discovery of two compound classes as direct InhA

inhibitors, which represent the foundation for this work, was made by GlaxoSmithKline through a

high-throughput screening campaign. These classes are the thiadiazoles

2

 (represented by the general structure 1,

Figure 1) and the tetrahydropyran derivatives (such as compound 2

3

). During the EU-funded 7

th

 Framework

Project ORCHID, the structure-activity relationship (SAR) studies of both series of compounds were undertaken.

These efforts culminated in the compound GSK693

4

 and a series of pyridinyl-2-thiadiazole based inhibitors of

InhA (such as compound 3

5

). In the latter case, we reduced the aromatic ring count of compounds with the aim

to improve their physicochemical properties, while retaining their InhA inhibitory potency and antimycobacterial

activity. Several other strategies to explore the chemical space of these direct inhibitors were attempted, such as

substitution of the thiadiazole central core with other heterocycles, yielding extensive SAR data.

Because of the realization of the need for new antimycobacterial compounds, the work in this field is continuing

after the formal completion of the EU-funded project. Our current focus is devoted into further SAR definition of

InhA inhibitors by combining the pharmacophores (i.e. scaffold merging approach) of both compound classes

into a single molecule.

Figure 1. Schematic representation of the studies of direct InhA inhibitors.
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In our study, de novo structure based approach is applied for the development of inhibitors of autolysin E (AtlE),

a bacterial N-acetyglucosaminidase. Autolysins are peptidoglycan hydrolases responsible for the degradation of

the bacterial cell wall [1, 2]. Several studies indicate that autolysins are implicated in cell division, cell growth

[2] and biofilm formation [3], and hence their inhibition could be a promising approach for the development of a

novel group of therapeutics against human pathogens [1, 4, 5].

According to crystal structures of the enzyme-ligand complexes (PDB ID: 4PI7, 4PI9) [6], de novo design of

glycomimetics was one of the approaches for the initial studies. Designed compounds contain monosaccharide

unit (N-acetylglucosamine) and aglycone unit, composed of the linker and cation and/or lipophilic part. We have

performed in silico studies, where designed molecules were docked into the binding site of the Staphylococcus
aureus AtlE (PDB ID: 4PIA [6]). Hits from docking results were synthetized and subjected to quantitative

binding analysis, using surface plasmon resonance (SPR). Several compounds show interactions with AtlE

according to SPR response curves.

Ligands of N-acetyglucosaminidase designed in our study offer valuable information for further development of

autolysin inhibitors, an emerging class of future antibacterial agents.
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The increasing emergence of pathogenic bacteria resistant to antibacterial drugs is a serious threat to global

health and represents the continuous need for development of novel antibacterial drugs. Bacterial DNA gyrase

and topoisomerase IV are heterotetrameric proteins consisting of two GyrA or ParC subunits, which are involved

in DNA transit, and two GyrB or ParE subunits containing the ATPase domains, respectively. Structural

similarity of GyrB and ParE ATP binding sites enables the discovery of dual targeting inhibitors, which makes

them attractive targets for antibacterial drug discovery. Although ATP-competitive inhibitors of GyrB and ParE

are among the most studied classes of antibacterial agents, there is currently no representative in the antibacterial

drug pipeline. Moreover, selectivity of ATP-competitive GyrB and ParE inhibitors against closely related human

ATP-binding enzymes should be evaluated early in the development to avoid off-target binding of advanced

compounds in later stages.

Recently, we prepared several series of novel GyrB and ParE inhibitors with inhibitory activities in the low

nanomolar range and antibacterial activity against Gram positive and Gram negative bacterial strains.

1-3

 To

assess their selectivity profiles and support hit-to-lead optimization,we developed 3D-chemical feature

pharmacophore models for on-target (GyrB and ParE) and off-target (e.g. topoisomerase II, Hsp90, pyruvate

dehydrogenase kinase) predictions using LigandScout (ref). Structure-based pharmacophore models were created

based on x-ray derived enzyme-inhibitor complexes, while ligand-based models were created based on the

known potent ligands. The models were validated and trained using sets of known active, inactive and decoy

molecules and are important for hit finding, hit optimization support and activity profiling of previously prepared

and novel GyrB and ParE inhibitors. Results from activity profiling of our GyrB and ParE inhibitors using the

on- and off-target pharmacophore models were experimentally confirmed by testing a representative set of our

library of DNA gyrase and topoisomerase IV inhibitors against human topoisomerase IIα and Hsp90. These

results confirmed that the 3D-pharmacophore models are useful tools for prediction and discrimination of

compounds with activities at DNA gyrase, topoisomerase IV and topoisomerase II and useful for hit finding in

virtual screening protocols and lead optimization studies.

Figure 1. Activity profiling of DNA gyrase and topoisomerase IV inhibitors.
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Human African Trypanosomiasis (HAT) is a parasitic disease that is transmitted by the bite of a Genus Glossina

(Tsetse fly). Two strains of the parasite, Trypanosoma brucei gambiense and Trypanosoma brucei rhodesiense, 
are responsible for HAT. In 2012 there were 20,000 estimated cases with an at risk population of 60 million.

1

Without treatment HAT is fatal,

2

 treatments for HAT are available but either require complicated and prolonged

administration of drugs that have poor pharmacokinetic and central nervous system penetration properties, or are

drugs that are highly toxic resulting in unacceptable side effects.

3

Trypanosome Alternative Oxidase (TAO) has been investigated by a variety of academic groups as a potential

target for treating HAT.

4–7

 The oxidase is present in the mitochondria of long slender bloodstream forms of

trypanosomes.

8,9

 TAO oxidises ubiquinol to ubiquinone in tandem carrying out the four electron reduction of

oxygen to water. Ubiquinone is then reduced by mitochondrial glycerol phosphate dehydrogenase (GPDH) as

part of the glycerol phosphate oxidase system. This system is responsible for the generation of dihydroxyacetone

phosphate, which is vital for glycolysis and the re-oxidation of NADH that are both essential for cellular

respiration and survival of the trypanosome.

8,10

Our work has identified novel inhibitors of TAO based upon the natural product ascofuranone. They retain good

inhibitory potency of TAO and show potent growth inhibition of the parasite, whilst removing two undesirable

chemical functionalities present in the natural product. These novel analogues provide an avenue for further

exploration of structure activity relationships and the opportunity to rationally design new molecules with

improved pharmacokinetic properties to provide more drug like leads for inhibitors of TAO.
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Human African Trypanosomiasis (HAT) is a neglected tropical disease, exerting a considerable health burden on

36 countries in sub-Saharan Africa. Moreover, Hepatitis C Virus (HCV) infection is the most common liver

disease and the leading cause of liver transplantation for the 71 million infected individuals globally. Current

treatment for both diseases is characterized by poor efficacy, high toxicity and increasing levels of resistance.

Thus, there is a great need to develop new agents with an acceptable efficacy and safety profile.

Several Fe

2+

/Zn

2+

 metalloenzymes have been identified in Trypanosoma brucei,

[1]

 the causative agent of HAT.

Concerning HCV, its NS5B polymerase contains a “two-metal-ion” catalytic center.

[2]

 The importance of these

metalloenzymes, and the fundamental role of the divalent cations in their activity, along with the fact that they

have no counterparts in the host cell,

[1,2]

 prompted the development of novel scaffolds, bearing a metal-chelating

motif, as potent inhibitors of these enzymes.

Based on previously reported derivatives of the 2,6-diketopiperazine structure which showed high potency

against T. brucei,

[3]

 we incorporated the acetohydroxamic acid motif, a metal-chelating group, at the imidic

nitrogen atom of the 2,4-diketoimidazolidine scaffold (hydantoin). Taking into consideration that the activity

profile covering more than one microorganisms is favorable, and several anti-HCV metal chelators have been

reported in the literature,

[2]

the newly synthesized analogues were tested for both their trypanocidal activity and

their effect on HCV RNA replication and cell viability as well. The novel acetohydroxamic acid derivatives were

potently active against T. brucei, with IC

50

 values ranging from 0.008 to 0.88 μM and the cytotoxicity of the

compounds against mammalian cells was low to negligible (Selectivity Indices up to 1100). Τhe effects of the

synthesized analogues on HCV RNA replication were highly encouraging, with EC

50

 values rising up to 9.28

μM; moreover promising safety profiles were detected. Additional theoretical studies and docking calculations

will contribute to acquire more structure-activity relationship (SAR) data, offering to the design of more agents

with broad-spectrum activity.
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Tuberculosis (TB), brought by M. tuberculosis (Mtb) is one of deadliest diseases ever occurred on Earth and the

toll of deaths is still remarkable.

1

 TB is thought to represent a concern only in developing countries, however

global warming, business travels and the increasing migration flows from regions where TB is endemic, pose the

threat to contract TB also in the developed ones; the whole scenario is further worsened by the presence of

resistant strains. After decades of drug discovery oblivion, bedaquiline and delamanid have eventually upgraded

the antituberculosis arsenal. Although they are new chemical entities (NCE), and hit unexplored targets, the

whole approach to their discovery was rather conventional and the degree of innovation limited. It is therefore

not surprising that mutations causing resistance to these two agents have already been reported.

2

 Mycobacterial

efflux pumps have recently triggered the interest of many scientists, as their inhibition might lead to shorten the

duration of the treatment and prevent the transmission of resistance genes.

3

 Verapamil, the most potent Mtb 
efflux pumps inhibitor (EPI) known so far, has shown to increase the efficacy of existing regimens and to inhibit 

Mtb drug-tolerance. Also thioridazine (TDZ), a neuroleptic drug known to inhibit Mtb efflux pumps, has been

used under compassionate bases in combination with first- and second-line antituberculars to treat resistant

infections.

4

 In spite of these experimental evidences, the use of both verapamil and TDZ is strongly limited by

the potential raise of severe side effects.

5

 Considering these findings, the rational design and synthesis of EPIs

with improved cytotoxic profile could have a significant impact in the treatment of mycobacterial infections,

maintaining the concentration of a given drug at the therapeutic dose, and minimizing the possibility to select

mutants. This would strongly affect both the cure duration and the emergence of resistances. In addition, since

the lack of intrinsic killing activity for many EPIs, the onset of resistance toward these agents is highly unlikely

to occur. Finally, the mechanism of macrophage killing is aspecific, therefore the antibiotic-resistant status of the

bacillus is irrelevant. Using TDZ and verapamil as the chemical template, we have prepared a preliminary set of

inhibitors of the Mtb efflux pumps, that were tested for their cytotoxicity and their ability to inhibit ethidium

bromide efflux, to enhance the potency of first- and second-line antitubercular agents, and to eradicate

intramacrophageal infection.

6

 Further chemical manipulation led to the development of analogues that resulted

to work better than TDZ and even verapamil, holding promise as effective tools for an innovative

antituberculosis regimen.
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Nowadays, antimicrobial resistance is a global threat to public health. This well know plague only recently burst

out, prompting to the urgent need of developing efficient antibiotics with innovative mechanisms of action.

In this context, the bacterial divisome turned out to be an interesting and promising target (1). Cell division

proteins are indeed crucial for bacteria viability, are widely conserved among several species and are completely

absent in eukaryotic cells, thus strengthening the selectivity of the novel antimicrobics. FtsZ (Filamentous

temperature sensitive Z) is one of the essential cell division proteins; FtsZ is a tubulin homologue (2) and is the

first protein that localizes to the mid-point of the cell and undergoes polymerization in a GTP-dependent manner,

bringing to the formation of the Z-ring. It recruits at least ten other cell division proteins, which enable cell

constriction, the formation of mesosome and two daughter cells (3).

Recently, we studied and developed FtsZ inhibitors, starting from the most significant results of other research

groups and confirming that FtsZ inhibition results in a bactericidal effect.

We prepared 3-Methoxybenzamide (3-MBA) derivatives, structurally similar to the FtsZ inhibitors lead

compound: PC190723 (4-6).

Our derivatives (which general structure is depicted above) were designed replacing the thiazolopyridine of

PC190723 with differently substituted 1,4-benzodioxane or 1,4-benzoxathiane. We further assessed the Structure

Activity Relationship (SAR) of this class, through a series of isosteric, positional or substituent modifications

(7-9).

These molecules proved to strongly inhibit S. aureus, E. faecalis and M. tuberculosis viability and to target FtsZ.

We specifically performed two different biochemical assays, aimed at studying GTPase and polymerization

activities of S. aureus FtsZ, when incubated with our compounds.
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Chemokines and chemokine G protein-coupled receptors (GPCRs) play an important role in cell migration and

are important targets for drug discovery for various immune-related diseases, including chronic obstructive

pulmonary disease, multiple sclerosis, rheumatoid arthritis, HIV-1 infection and cancer. Despite recent

breakthroughs in obtaining crystal structures of chemokine receptors, structure-based small-ligand discovery for

these peptide-binding GPCRs is still challenging. We present a fragment-based lead discovery (FBLD) approach

to identify and optimize CXCR4 antagonists. For this, CXCR4 crystal structure-based virtual fragment screening

is followed by hit optimization that is guided by structure-activity relationships. This is illustrated by one of the

hit molecules that was identified by in silico screening and that was used as a starting point for the design and

synthesis of 31 molecules to explore and optimise structural interactions with the CXCR4 binding site. We

demonstrate that through structure-based design applications, new CXCR4 ligands can be identified and

optimised from micromolar affinity hits to potent antagonists.

This work was partially supported by European Union's Horizon2020 MSCA Programme under grant agreement

641833 (ONCORNET)
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NF-kB-inducing kinase (NIK) is a protein kinase that is central to the non-canonical NF-kB pathway and

mediates NF-kB signaling through IKKa activation and p100 processing to nuclear transcription factors p52 and

RelB. This non-classical pathway is downstream from multiple TNF receptor family members ,including

BR3/BAFF-R, CD40, LT-bR, OX40, RANK, CD27, and Fn14 (TWEAK-R), which have been associated with B

cell survival and maturation, dendritic cell activation, secondary lymphoid organ development, and bone

metabolism. Increased serum BAFF levels are associated with autoimmunity and disorders such as lupus

erythematosus, and inhibition of BAFF signaling has been shown to be efficacious in murine models of lupus. It

is thought that inhibition of NIK could provide additional benefit over BAFF inhibition in the blockade of the

non-canonical NF-kB pathway through modulation of signaling of multiple receptors at once.

A lead chemical series was identified through the optimization of a high throughput screening hit.

Structure-based design led to the identification of several potent and selective NIK inhibitors which reach past

the methionine-471 gatekeeper residue. These compounds exhibited selective inhibition of LTβR-dependent p52

translocation and transcription of NF-kB2 related genes. Guided by scaffold-dependent toxicity observations and

results from genetic models, we focused our efforts towards the identification of a low clearance compound from

within a specific sub-series, aided by metabolite identification and further structure-guided design. The

identification and optimisation of these compounds will be described.
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The complement system is a key component of innate immunity, which is involved in several physiologic and

pathologic processes. Dysregulated or impaired complement is involved in an increasing list of human diseases

(many autoimmune, inflammatory, and neurodegenerative diseases, as well as ischemia-reperfusion injury and

cancer). The complement system consists of over forty protein components that are present in the blood or on

cell surfaces. The complement system is activated by infection or by injury. Complement activation may be

prolonged or misdirected to healthy cells and can lead to inflammatory or auto-immune diseases.

Complement-targeted drugs could provide novel therapeutic intervention against the above mentioned diseases

and conditions.

Nine serine proteases are integral elements of the complement cascade (C1r, C1s, C2, MASP-1, MASP-2,

MASP-3, factor D, factor B, factor I). C1s is present as a proenzyme within the C1 molecule in complex with

C1q and C1r, thus forming the C1 complex of the classical activation pathway of the complement system.

Activation of the classical complement pathway is initiated by the interaction of C1q with immunoglobulin (Ig)

antigen complexes.  The activation signal is mechanically transmitted by C1q to C1r dimers; activated C1r

proteases then cleave and activate the C1s proenzymes. Activated C1s protease forwards the activation signal by

cleaving C4 and C4b-associated C2 to form the classical pathway C3 convertase C4b2a, so an inhibitor that

targets the C1s protease domain could be effective in blocking the activation of the classical pathway of the

complement system.

The C-terminal catalytic region of C1s consists of two complement control protein (CCP) modules and a

trypsin-like serine protease domain. Only few small molecule inhibitors of these proteases are described up to

present, including Nafamostat, which is currently approved for use in human pancreatitis and disseminated

intravascular coagulation. 

One of the main challenges is the selectivity over other serine proteases (including the proteases of the blood

coagulation and fibrinolysis etc.). The typical architecture of a C1s inhibitor contains a heterocyclic amidine (or

guanidine) which interacts with active site asparagines in the S1 substrate binding subdomain. In other proteases

replacement of the amidine (guanidine) warheads with bioisosteric groups has been proven as a successful

strategy to identify novel inhibitors, however, to the best of our knowledge this strategy has not been

investigated with C1s inhibitors.

In an ongoing research program, we generated first the bioisosters of the key recognition motifs of known C1s

inhibitors and based on the resulting novel structural motifs a potential focused library was selected from

commercial vendor libraries (6 M compounds). A diverse selection of the focused library is screened in vitro for

C1s inhibitory activity.

In the present poster the initial results of the above research is discussed and presented.
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Oral candidiasis in the form of Candida-associated denture stomatitis (CaDS) is associated with Candida 
adhesion and biofilm formation on the fitting surface of poly (methyl methacrylate) (PMMA) dentures. Candida
biofilms show considerable resistance to most conventional antifungal agents, a phenomenon that is considered a

developmental-phase-specific event that may help explain the high recurrence rates associated with CaDS. C.
albicans is still considered to be the major etiologic agent of oral candidiasis. C. glabrata is the most prevalent

non-albicans Candida species isolated in oral candidiasis in patients with diabetes, advanced cancer, HIV

infection and patients suffering from CaDS.

The aim of this study was to examine the activity of miconazole towards in vitro-  grown mature Candida 
biofilms formed on heat-cured PMMA discs as a standardized model.

The effect of miconazole nitrate obtained from Sigma-Aldrich (Switzerland), on Candida biofilms developed on

acrylic discs was determined for C. albicans MYA-2732 (ATCC), C. glabrata MYA-275 (ATCC), and clinical

isolates, C. albicans 6122/06, C. glabrata 7531/06, C. tropicalis 8122/06, and C. parapsilosis 11375/07. 

Candida biofilms were developed on heat-cured poly(methyl methacrylate) discs (5 mm diameter x 1.5 mm

thick), obtained from Hing Lung Engineering, Inc. (Hong Kong, China). Candida biofilms were treated with

miconazole (0.5 – 96 µg/ml). The metabolic activity of the biofilms was measured by the XTT reduction assay.

The minimum inhibitory concentrations (MICs) of miconazole against Candida species were determined by the

microdilution method. The MICs for miconazole for the investigated strains ranged from 0.016 – 32 µg/ml.

Treatment with miconazole resulted in a significant reduction of biofilm metabolic activity for all strains. The

highest inhibition was observed at 96 µg/ml miconazole. In the case of C. glabrata MYA-275 and C. tropicalis 
8122/06 this corresponded to 83.7% and 75.4% inhibition, respectively. The lowest reduction was observed for 

C. parapsilosis 11375/07 – 46.1%.

For all Candida strains there was a strong correlation between MIC values and miconazole concentrations

corresponding to a reduction of metabolic activity of the biofilm by 50%.

Miconazole exhibits high antifungal activity against Candida biofilms developed on the surface of PMMA discs.

The study provides support for the use of miconazole as an effective agent for the treatment of oral candidiasis.
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Leukocyte transmigration is one of the most important events in the physiological tissue immune response.

However, over-activation of the immune system leads to damage of healthy tissues. Thus, effective leukocyte

migration inhibitors are considered as very promising potential therapeutic agents against inflammatory and

autoimmune diseases. In addition, inhibition of the homing of B-lymphocytes to lymphoid organs may be

envisioned as a new therapeutic strategy to reduce B-cell lymphoma proliferation and their capacity to reach

supportive lymphoid microenvironments. Junctional adhesion molecules (JAM) belonging to the

immunoglobulin superfamily, localize to inter-endothelial surfaces and regulate monocyte transmigration by

binding to integrins. Based on a pharmacophore model derived from the JAM-C and integrin's interaction sites,

fifteen new molecules with modified barbituric acid scaffold were designed in-silico, synthetized and tested in

vitro. Human endothelial cells and human monocytes were used for the evaluation of the effect of synthetized

compounds on the leucocyte transmigration. Three out of 15 compounds were active in a pharmacological

concentration range. Importantly, one of the compounds (GT-73) completely blocked leukocyte transmigration,

without damaging monocytes or endothelial cells (IC

50

=2.4 µM).  So far, even pan-antibody blockers of the

beta-1 and 2 integrins were not able to block completely monocyte transmigration. GT-73 (10 mg/kg) was also

active in-vivo using Crohn’s disease and Multiple Sclerosis models. Finally, a possible effect on the rolling of

lymphocytes was tested using a B-Cell lymphoma homing assay. GT-73 was injected together with human

B-lymphoma cells IV to NOD mice. GT-73 significantly reduced the amount of cancer cells in the spleen and

liver. Detailed acute toxicity profile of the compound was also studied and demonstrated not to have any toxic

effects in the administrated doses.  Such type of molecules might therefore provide a unique starting point for

designing a novel class of leukocyte transmigration blocking agents with broad therapeutic applications.
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Arachidonic acid (AA) pathway plays important role mainly for mediating a wide spectrum of inflammatory

conditions. AA is released from membrane phospholipids by the action of phospholipase A

2

 (PLA

2

), and further

processed by cyclooxygenases (COXs) to produce prostaglandins (PGs) and by 5-lipoxygenase (5-LO) to

produce leukotrienes (LTs), which eventually elicit a wide array of physiological and pathological effects.

Microsomal PGE

2

 synthase-1 (mPGES-1), 5-LO and 5-LO-activating protein (FLAP) inhibitors seem to be

promising therapeutic agents intervening with AA pathway at different nodes to generate potent

anti-inflammatory effect. By this way, dual and balanced inhibition of AA cascade to prevent both PG and LT

formation are anticipated to cause lower side effects while generating potent anti-inflammatory response. During

our longstanding efforts to develop efficient inhibitors in the AA cascade, we have recently identified BRP-7, a

benzimidazol derivative, that selectively inhibits FLAP to intervene with the LT biosynthesis with an IC

50

 of

0.31 µM [2].

To introduce pharmacophore groups on BRP-7 skeleton that might transform this selective FLAP inhibitor into a

dual inhibitor of both PG and LT biosynthesis, structure activity relationship (SAR) studies involving (C)5 and

(C)2 positions of benzimidazole ring were performed. Introducing polar substituents including carboxylic acid

moieties and its bioisosters at C(5) resulted in compounds with multi-ligand properties. To improve drug-like

properties of BRP-7 derivatives, heteroarylamine groups were also introduced at C(2) position. As a result, our

SAR studies concluded that the BRP-7 core bearing oxadiazol-2-thione ring at C(5)-BI were able to inhibit

FLAP, mPGES-1 and 5-LO activities with IC

50

 values of 0.05, 0.4 and 0.6 mM, respectively (This study was

supported by TUBITAK Research Grant 112S596).
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Invariant natural killer T-cells (iNKT) represent a unique subset of T-lymphocytes that play an important

regulatory role in the protection against tumour cells, auto-immune diseases and certain infections. iNKT cells

recognize the prototypical ligand α-galactosylceramide (α-GalCer, 1), a synthetic glycolipid, presented by the

MHC class I-like non-polymorphic glycoprotein CD1d.

1

 After recognition by the T-cell receptor (TCR) and

formation of a ternary CD1d-glycolipid-TCR complex, the iNKT cells secrete vast amounts of Th1- and

Th2-cytokines, which serve as small-protein modulators in the immune system.

This presentation will focus on our attempts to design α-GalCer analogues that polarize the cytokine response

towards Th1, which is desirable for defense against tumours and various intracellular pathogens. Towards this

end we carefully investigated modifications of the galactose ring, in particular the 4"-position, which has

remained underexplored up until now.

2

We will demonstrate the ability of analogues modified at the 4’’-position of the galactose ring to induce a

polarized Th1 response in an in vivo mouse model. Crystallographic studies indicate that benzyl-type ethers,

such as p-ClBn-α-GalCer (2), undergo additional Vanderwaals interactions with CD1d. In all, we have shown

that judiciously chosen modifications of the carbohydrate moiety of α-GalCer may lead to an enhanced release

of Th1-cytokines in mice.

References

1) A. Banchet-Cadeddu et al., Org. Biomol. Chem. 2011, 9, 3080–3104

2) J. Janssens et al., ACS Med. Chem. Lett. 2017, 8, 642–647

P203

TARGETED METABOLOMICS PROFILING AS A BASIS FOR

PREDICTIVE MODEL BUILDING IN MULTIPLE SCLEROSIS

RESEARCH

Marat Kasakin (1,2), Artem Rogachev (2,3), Vladimir Koval (1), Elena Predtechenskaya (2), Andrey

Pokrovsky (2)

1) Institute of Chemical Biology and Fundamental Medicine of SB RAS,
8 Lavrentiev Avenue, Novosibirsk, 630090, Russia

2) Novosibirsk State University, 1 Pirogova street, Novosibirsk, 630090, Russia
3) N. N. Vorozhtsov Novosibirsk institute of organic chemistry, 9 Lavrentiev Avenue, Novosibirsk, 630090, Russia

Multiple sclerosis (MS) is the most common immune-mediated disorder impacting on central nervous system.

Metabolomics is a powerful approach for discovering biomarkers and investigation of human disease

mechanism. It is known that amino and fatty acids metabolism is disturbed in this disease. We performed

targeted metabolomics approach based on quantitative LC-MS/MS analysis of amino acids and acylcarnitines in

dried plasma spots samples followed by multivariate statistical analysis using R integrated suite for discovering

differences between MS (n=16) and control (n=12) groups.

It was found that asparagine level to be increased in MS group (p=0.0022), L-octenoyl-carnitine (C8:1) level to

be decreased (p=0.0406). Partition least square discriminant analysis (PLS-DA) method widely used in

metabolomics studies gives better separation between the groups compared to principal component linear

discriminant analysis (PCA-LDA) algorithm (Figure 1), although it could be overestimated during leave-one-out

cross-validation and needs to evaluation on the test group. Predictive models yield to AUC = 0.79, Sensitivity =

0.67, Specificity = 0.75 for PCA-LDA; 0.98, 0.81, 1 for PLS-DA and 0.80, 0.64, 0.80 for random forest

algorithm (RF), respectively. PLS-DA model performs preliminarily excellent results as a potential screening

test for MS, PCA-LDA and RF models produce results close to each other. All three models detect noticeable

changes in amino acids and acylcarnitines profile in MS group in comparison with control group.

The data obtained and the methods of analysis developed are a reliable basis for the diagnosis of multiple

sclerosis.
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Numerous diseases and disorders were associated with the malfunction of chemokine receptors signaling, which

makes them interesting and promising drug targets.

1

 Based on the previously published dual negative allosteric

modulator of CXCR3 and CXCR4 chemokine receptors

2

, we designed, synthesized and biologically

characterized a set of novel not only negative, but also positive allosteric modulators with preserved

pyrazolopyridine core. We successfully identified a dual negative modulator, inhibiting G protein activity of

both receptors. For CXCR4 receptor we postulate that para-substituted aromatic group of compounds

distinguishes between negative and positive modulation. Para-methoxy substitution leads to functional

antagonism, while para-chloro stimulates agonism. Additionally, we discovered that chemotaxis is not

necessarily in a strong correlation with G protein signaling pathways. In this work we have successfully

demonstrated the discovery of selective as well as dual-acting CXCR3/CXCR4 modulators, which provide

valuable information for future discovery of chemokine receptor modulators.

References

1) P.A. Insel, C.M. Tang, I. Hahntow, M.C. Michel, BBA Biomemb., 2007, 1768, 994-1005.

2) D. Schmidt, V. Bernat, R. Brox, N. Tschammer and P. Kolb, ACS Chem. Biol., 2014, 10, 715-724.

P206

AMPK ACTIVATORS AS NOVEL DRUG CANDIDATES FOR THE

TREATMENT OF INFLAMMATORY BOWEL DISEASES

Luca Quattrini (1), Luca Antonioli (2), Francesco Angelucci (1), Vito Coviello (1), Matteo Fornai (2),

Carolina Pellegrini (2), Corrado Blandizzi (2), Won-Keun Oh (3), Concettina La Motta (1)

1) Dipartimento di Farmacia, Università di Pisa, Via Bonanno 6, 56126, Pisa, Italy
2) Dipartimento di Medicina Clinica e Sperimentale, Università di Pisa, Via Savi 10, 56126, Pisa, Italy

3) College of Pharmacy, Seoul National University, Seoul 08826, Republic of Korea

Inflammatory bowel diseases (IBDs), mainly represented by ulcerative colitis and Crohn’s disease, are chronic

and idiopathic diseases of the digestive tract. Their incidence and prevalence is raising significantly in both

developed and developing countries, thus representing a major challenge for the worldwide healthcare systems.

The pharmacological armamentarium for the treatment of IBDs is far from being satisfactory, as the therapeutic

success of the available drugs is still limited. Accordingly, the development of novel and effective compounds is

highly requested. In this context, the serine/threonine heterotrimeric kinase AMPK (adenosine

monophosphate-activated protein kinase) seems a sound target to strike.

Known as the central hub of energy homeostasis in eukaryotic cells, AMPK contributes also to the modulation of

immune/inflammatory cell functions. Actually, alterations in AMPK expression and/or activity play a key role in

the pathophysiology of immune-mediated inflammatory diseases characterized by abnormal immune cell

functions, like IBDs. Moreover, AMPK is able to improve intestinal health by enhancing para-cellular junctions,

nutrient transporters, autophagy and apoptosis. Accordingly, AMPK activation represents a promising

therapeutic strategy for the treatment of intestinal inflammatory disorders.

1

Here we describe a novel heterocyclic derivative, developed as AMPK activator.

2

Tested in C2C12 myoblast cell lines, our compound significantly increased AMPK activity, in a

concentration-dependent manner, turning out to be more effective than the well-known activator acadesine

(ACA). Moreover, assayed in a mouse model of acute DNBS-induced colitis, the novel heterocycle displayed a

relevant anti-inflammatory efficacy, proving to ameliorate both systemic- and tissue-related inflammatory

parameters like body and spleen weight, colon length, macroscopic damage, TNF and MDA levels. Also in this

case, our compound turned out to be significantly more active that the known reference ACA, thus imposing

itself as a novel and valuable drug candidate for the treatment of IBDs.
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Chronic or unresolved inflammation is a central pathological process in various diseases, including

neurodegenerative disorders. Successful resolution of inflammation requires the activation of endogenous

pathways, which can switch from production of pro-inflammatory to specialized pro-resolving mediators

(SPMs). New insights into such pathways are offering novel opportunities to pharmacologically manipulate the

resolution of inflammation and, eventually, to open new therapeutic approaches for chronic inflammation [1].

Formyl peptide receptor 2 (FPR2), a receptor modulated by several SPMs, such as lipoxin A4 and resolvins, is

one of the key players in the resolution of inflammation [2]. Recently, we identified a class of non-peptidic FPR2

agonists with a ureidopropanamide scaffold, exemplified by compound MR-39, which shows neuroprotective

properties in an in vitro model of neuroinflammation. In fact, MR-39 is able to reduce nitric oxide (NO) release

and attenuate tumor necrosis factor (TNF) and IL-1b release in rat primary microglial cells stimulated with

bacterial lipopolysaccharide (LPS). In addition, MR-39 has good in vitro pharmacokinetic properties, such as

resistance to oxidative metabolism in rat microsomes and passive diffusion and permeation rate in a hCMEC/D3

cell monolayer, which is a model of blood brain barrier [3].

Here we report further optimization of the MR-39 structure that has led to the identification of a set of new FPR2

agonists with improved potency and in vitro pharmacokinetic properties. We will discuss the structure-activity

and structure-property relationships of new FPR2 agonists. The influence of the most potent compounds on

viability/metabolic activity, necrotic death, and production of pro-inflammatory mediators in microglial cells

under normal conditions and after stimulation with LPS will be illustrated by highlighting the potential of these

agonists in the treatment of CNS diseases characterized by neuroinflammation.
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As a therapeutic molecule class, peptides combine advantages of protein-based biomolecules, such as high

affinity, specificity and ability to target “undruggable” targets, with the easy synthetic accessibility and chemical

modification of small molecules. Cyclic peptides in particular can utilize a high surface area for binding, which

makes them suitable for targeting protein-protein interactions. With their comparatively constrained structures,

they are reducing the entropic penalty upon binding and their rigidity renders cyclic peptides more resistant to

proteolytic degradation than their linear counterparts. Several cyclization methods are used, such as on-resin side

specific lactamization, disulfide bridging, thioether cyclization or usage of thiol-reactive linker.

In this study, we describe the development of phage display-derived cyclic peptides for the therapeutic

modulation of vital protein cascades within the blood circulation. Both the complement system and the

coagulation cascade serve as “first line of defense” against injurious stimuli and microbial invaders: upon

activation, a series of cascading enzymatic reactions lead to an amplification of the initial signal, resulting in

fibrin deposition (coagulation cascade), pathogen clearance and opsonic cell killing (complement cascade). In

several thrombo-inflammatory conditions

1

, including transplant rejection, stroke and reperfusion injury, both

host defense systems may be inadvertently triggered and contribute to clinical complications. Therapeutic

control of complement and coagulation activation has therefore gained attention.

For example, blocking coagulation factor XII (FXII) has been shown to reduce thrombosis in various animal

models without increasing the risk for bleeding

2

, a major problem of current anti-coagulants. Moreover, plasma

kallikrein (PK) amplifies FXII activity and is also considered an important target due to the generation of

proinflammatory kinins. By employing a bicyclic peptide phage display approach

3

 with on-phage chemical

cyclization, we obtained bispecific FXII/PK inhibitors, which were improved to inhibit both targets in the

nanomolar range using additional structure-activity relationship studies.

A similar approach can also be applied to the development of complement inhibitors. Cyclic peptides have

shown great promise as protein-protein interaction inhibitors in the complement cascade

4

. Through incorporation

of unnatural amino acids and other modifications, we aim to improve affinity, selectivity and pharmacokinetic

properties of such leads for a use in a broad range of disease models.
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Acidic mammalian chitinase (AMCase) and chitotriosidase (CHIT1) are the enzymatically active chitinases,

which have been shown to be involved in various lung pathologies such as idiopathic pulmonary fibrosis,

sarcoidosis, chronic obstructive pulmonary disease and asthma. Elevated CHIT1 levels and activity were found

in the plasma and bronchoalveolar lavage (BAL) fluids from patients with interstitial lung diseases (IPF and

sarcoidosis). AMCase is activated during type 2 inflammatory responses in both murine models of airway

inflammation and in asthma patients.

Herein we present design and synthesis of a series of potent dual AMCase and CHIT1 inhibitors. Among this

series, OAT-870 was identified as a lead compound with good in vitro and in vivo efficacy. OAT-870 is a highly

potent dual AMCase and CHIT1 small molecule inhibitor with a nanomolar activity for both human and murine

enzymes.

In vitro structure-activity relationship data, ADME, pharmacokinetic properties as well as in vivo data showing

strong anti-inflammatory effects of compound OAT-870 in house dust mite (HDM) induced airway

inflammation model is reported.
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Opioid receptor agonists activating especially µ receptors are clinically used for their analgesic efficacy.

Compared with µ agonists, κ agonists show a different side effect profile with minimal respiratory depression,

negligible inhibition of gastrointestinal motility and reduced physical dependence.

1

 Recently, racemic 

trans/trans decahydroquinoxaline 4, a conformationally restricted analogue of the well-known κ-opioid agonists

U-50,488 and GR-89,696, was reported as a potent and selective κ-opioid receptor agonist. We synthesized all

diastereoisomers of decahydroquinoxaline 4, and separated them into enantiomers. Enantiomer 5a was identified

as a high affinity and selective κ ligand (K
i

 = 0.25 nM) and full agonist (EC

50

 2.0 nM). We have developed an

enantioselective synthesis via a chiral cyclic sulfamidate scaffold, and fine-tuned the physicochemical and

pharmacological properties by structural modifications on three positions.

2

 The methanesulfonamide 8a was

identified as potent (Ki = 0.63 nM) and peripherally restricted κ agonist (EC

50

 = 1.8 nM) with dose-dependent

anti-inflammatory activity in acute and chronic skin inflammation.
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Acidic mammalian chitinase (AMCase) and chitotriosidase (CHIT1) are the enzymatically active chitinases,

which have been shown to be involved in various lung pathologies such as idiopathic pulmonary fibrosis,

sarcoidosis, chronic obstructive pulmonary disease and asthma. Elevated CHIT1 levels and activity were found

in the plasma and bronchoalveolar lavage (BAL) fluids from patients with interstitial lung diseases (IPF and

sarcoidosis). AMCase is activated during type 2 inflammatory responses in both murine models of airway

inflammation and in asthma patients.

Herein we present design and synthesis of a series of potent dual AMCase and CHIT1 inhibitors. Among this

series, OAT-870 was identified as a lead compound with good in vitro and in vivo efficacy. OAT-870 is a highly

potent dual AMCase and CHIT1 small molecule inhibitor with a nanomolar activity for both human and murine

enzymes.

In vitro structure-activity relationship data, ADME, pharmacokinetic properties as well as in vivo data showing

strong anti-inflammatory effects of compound OAT-870 in house dust mite (HDM) induced airway

inflammation model is reported.
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Inflammation is a defensive mechanism of the organism to cope with chemical or cellular challenges. However,

it is well documented that inflammation is implicated in several pathological conditions, such as metabolic

syndrome, cardiovascular and neurodegenerative diseases.

Non steroidal anti-inflammatory drugs (NSAIDs) are one of the most commonly prescribed classes of drugs for

pain and inflammation. They are responsible for approximately 5-10% of all medications prescribed each year,

although their use is connected with serious undesired effects, mainly from the gastrointestinal tract and the

kidneys.

Atherosclerosis, a condition affecting arterial blood vessels, is the main risk factor for cardiovascular disease,

one of the most widespread diseases in the modern western world. Hyperlipidemia can lead to the formation of

multiple plaques within the artery. Oxidation of LDL promotes inflammatory responses.

In this investigation, we synthesised a series of esters of well known non specific COX-1 and -2 inhibitors, such

as ibuprofen or ketoprofen, with a number of alcohols. (3,4,5-Trimethoxyphenyl)methanol was selected since

gallic acid and related compounds have been reported to possess antioxidant, anti-mutagenic, anti-allergic and

anti-inflammatory activities. In addition, trimethazidine, a trimethoxybenzyl-derivative, is used for

cardiovascular events. 2-Methoxy-4-methyl-phenol was also used, based on the reported potential

anti-inflammatory and cytoprotective action of a number of derivatives of this compound. 2,6-Di-tert
-butyl-4-(hydroxymethyl)phenol was used, since butylated hydroxytoluene (BHT, 2,6-di-tert
-butyl-4-methylphenol) is a well-known antioxidant with low toxicity. For a number of structures, natural amino

acids were used as linkers, due to the potentially low toxicity of the derivatives. All compounds were isolated

and their structures identified.

The anti-inflammatory activity of compounds was assessed from their ability to inhibit the paw oedema induced

by carrageenan in rats. The compounds were administered ip at a dose of 150 μmol/kg and demonstrated

significant inhibition of oedema, ranging for 25 to 90%. Their in vivo effect on inflammation enzymes was also

tested.

In addition, the hypolipidemic properties were examined for selected compounds. Their effect on plasma

cholesterol and triglyceride levels was estimated in rats with Triton-WR1339 induced hyperlipidemia. The

synthesised compounds could reduce plasma lipidemic indices from 50 to 88%.

The obtained results indicate that the design of the described derivatives of non steroidal anti-inflammatory

drugs with potentially active alcohols gave novel compounds that acquire a series of biological properties able to

prevent or restore pathological changes in conditions related to inflammation, with potentially wider safety

margin.

 

P. Theodosis-Nobelos and G. Papagiouvannis acknowledge the General Secretariat for Research and Technology
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NOVEL ANTIINFLAMMATORY STEROIDAL COMPOUNDS.
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Kantún-Moreno (3), Leticia Olivera-Castillo (3)
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2) Departamento de Física Aplicada, CINVESTAV-Mérida, Laboratorio de Biomoléculas. Mérida, Yucatán, México
3) Departamento de Recursos del Mar, CINVESTAV-Mérida, Laboratorio de Nutrición Acuícola, Mérida, Yucatán, México

Introduction. Inflammation is a natural response for the protection of organisms, against any damage or

infection and involves cellular events and chemical signals. Despite of many undesirable consequences, the most

prescribed anti-inflammatory compounds are corticosteroids

1

 and their analogs. In this sense, the search of new

drugs has been undertaken. A new family of hydroxyimino steroids

2

 has been synthesized and evaluated by

means of an acute mouse ear edema assay (induced by 12-O-tetradecanoylphorbol 13-acetate TPA). The oximes

were synthetized from diosgenin (Dg) and their anti-inflammatory activity was evaluated. According to these

results, the best active compounds were selected to be analyzed vis a vis the gene markers, expressed in

inflammation processes: Tumor Necrosis Factor alpha (TNF-a), Interleukin 6 (IL-6), Cyclooxygenase 2

(COX-2) and Macrophage Inhibition Factor (MIF)

3,4

Development. The steroidal oximes were synthesized from Dg. First, the regioselective opening of E and F rings

was performed, obtaining the (25R)-26-hydroxy-22-oxocholest-5-en-3β,16β-diyl diacetate, which was

selectively oxidized on the hydroxyl at C-26 to obtain the corresponding aldehyde (25R
)-22,26-dioxocholest-5-en-3β,16β-diyl diacetate. From the latter, two methodologies were used to obtain the

target oximes; the first one, under classic oximation conditions hydroxylamine was employed to obtain the

steroidal 26E and 26Z oximes (25R)-26-hydroximino-22-oxocholest-5-en-3β,16β-diyl diacetate, 1 and 2. The

second methodology involved the use of 3,4,5-trimethoxyaniline. Under this basic condition, the loss of C-26

was promoted. In this way, the 27-nor-22,25-dioxocholest-5-en-3b,16b-diyl diacetate was obtained. From the

latter compound, the E oxime 3, at C-25 was chemoselectively prepared.

5

The biological evaluation was carried out under a murine model (Mus musculus), which consisted in the topical

application of the proto-inflammatory TPA, at the mouse right ear. This procedure increases the relative

expression of the genes COX -2, TNF-α, IL-6 and MIF, involved in the inflammatory process. The new steroidal

oximes 1, 2, and 3 were tested to reverse the inflammation, comparing their activity with dexamethasone (DXA).

Interesting results were obtained in all studied parameters. TNF-a: The expression of this gene decreased

considerably at the topically treated ears with DXA and with oximes 1 and 3, even when using lower doses than

the positive control DXA. IL-6: The expression of this gene decreased in the ears treated with DXA, 1 and 3; the

latter showing the best effect at the transcriptional level on interleukin 6. COX-2: On the other hand, the

expression of this gene decreased drastically in the topically treated ears with DXA (74%) as well as oximes 1

(63%) and 3 (77%). The reduction in COX-2 expression was recorded for oximes when using half dose of DXA.

MIF: The expression of this gene decreased with the DXA (67%), oximes 1 (84%) and 3 (84%) application.

Conclusions. Oximes 1 and 3 showed higher anti-inflammatory activity than DXA in an acute mouse ear model.

Oximes 1 and 3 inhibit the expression of the TNF-α, COX-2, Il-6 and MIF genes. MIF is associated with several

cutaneous pathologies. Steroidal oximes inhibit the expression of MIF, so these substances have a high

dermatological potential.
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DESIGN OF NOVEL β-HYDROXY-β-ARYLALKANOIC ACIDS WITH

IMPROVED GASTROINTESTINAL ABSORPTION BASED ON QSRR

STUDIES

Jelena Savić, Vladimir Dobričić, Katarina Nikolic, Jasmina Brborić

Department of Pharmaceutical Chemistry, University of Belgrade-Faculty of Pharmacy, Vojvode Stepe 450, Belgrade, Serbia

Gastrointestinal absorption of thirteen synthetized β-hydroxy-β-arylalkanoic acids which exhibited

anti-inflammatory activity [1,2] was predicted and compared to ibuprofen using biopartitioning micellar

chromatography [3]. BMC experimental conditions were chosen in a way to simulate gastrointestinal tract. The

mobile phase consisted of aqueous phase (40 mM solution of Brij35 in 7 mM disodium hydrogen phosphate) and

acetonitrile (80:20, v/v). pH of the mobile phase was adjusted to 5.5 to mimic the upper portion of duodenum,

and the column temperature was set to 36.5 ºC. Working solutions of analyzed compounds were injected in

triplicates and retention factors (k) were calculated (solution of KI in the mobile phase was used for the

determination of column dead time).

All tested acids had lower k, so expected gastrointestinal absorption is lower than for ibuprofen (18.92±0.13).

Quantitative Structure Retention Analysis (QSRR) of obtained results was performed in order to identify

molecular descriptors with the highest influence on k. ANN(k) and MLR(k) models were created. Based on

statistical analysis MLR(k) model was selected as an optimal. Regression equation of this model is:

y = (18.19±1.47)-(2.44 ± 0.06)·nBM+(0.04±0.01)·P_VSA_LogP_8+(4.02±0.28)·Eta_L.

Interpretation of descriptors (nBM, P_VSA_LogP_8 and EtaL) included into the equation, indicated that

introduction of saturated or partially unsaturated rings instead of phenyl rings, as well as introduction of nitro

group or halogens into another ring could positively affect k value. Based on these conclusions, six novel

β-hydroxy-β-arylalkanoic acids were designed. K values for these compounds calculated using the selected

MLR(k) model were higher than for synthetized compounds indicating that designed compounds should have

better gastrointestinal absorption than synthetized ones.
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SYNTHESIS AND CHARACTERISATION OF PSORALEN DERIVATES

AS INHIBITORS OF THE β5i SUBUNIT OF THE

IMMUNOPROTEASOME
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Faculty of Pharmacy, University of Ljubljana, Askerceva 7, 1000 Ljubljana, Slovenia

The eukaryotic 26S proteasome represents the heart of the ubiquitin-proteasome system. The system is

responsible for maintaining protein homeostasis and regulation of many cellular processes, such as antigen

processing, signal transduction, cell differentiation and apoptosis. Its 20S core particle has three enzymatically

active subunits which have distinct substrate specificities. The β5i (chymotrypsin-like) subunit prefers neutral,

hydrophobic residues at the cleavage site and β5i-selective compounds are investigated for possible application

in autoimmune and inflammatory diseases related to the immunoproteasome. The majority of currently available

inhibitors have a peptidic backbone which makes them prone to poor metabolic stability and low bioavailability.

Previous studies established psoralen derivates with an oxathiazolone ’warhead’ as nonpeptidic covalent

inhibitors of the β5i subunit.1 With the intent to deepen structure-activity relationship knowledge for psoralens,

we synthesised a series of compounds with variations at the R1 position on the parent psoralen. Interestingly,

despite seemingly straightforward reactions, several synthetic difficulties arose during preparation of some

derivatives with substitutions at the R1 position. Our focus was also devoted to the replacement of the

oxathiazolone ’warhead’. Besides previously published1 succinimidyl esters, acrylamides, and nitrile-based

electrophiles we introduced several other ‘warheads’, such as α',β'-epoxyketones, 3-bromo-4,5-dihydrooxazole,

vinyl, and ketoaldehyde; in all cases, a phenyl group was maintained as a substituent at R1. All successfully

prepared psoralens were characterised in in vitro and cell-based assays to assess their selectivity and potency.
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FIDELTAMACRO™: MACROLIDE INSPIRED MACROCYCLIC

LIBRARY
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Novel macrolide inspired macrocyclic library is prepared using FideltaMacro™ technology. It comprises

macrocycles designed to diversify and enrich chemical space with different ring sizes, a variety of 3D shapes and

potential pharmacophoric features.

1

Macrolides are an exceptional starting point for constructing macrocycles. It has been reported that certain

macrolide antibiotics also possess anti-inflammatory properties. These properties are considered fundamental for

their efficacy in the treatment of chronic inflammatory diseases. However, the long-term low-dose treatment

with macrolide antibiotics presents a considerable risk for promotion of bacterial resistance. Although they do

not follow conventional Lipinski Ro5, they are druggable and possess demonstrated clinical relevance.

2

Fidelta has developed chemistry exploiting macrolides to afford new diverse macrocycles. The aim was to

maintain the attractive pharmacokinetic and permeability properties of macrolides.

 

A diversed macrocyclic

library was designed and prepared in order to modulate anti-inflammatory and anti-infective properties. The

library was screened to select compounds with ability to inhibit IL-6 production in vitro. Moreover, this novel

macrolide derivatives showed the anti-inflammatory activity as demonstrated by inhibition of TNF-alpha

overproduction induced by bacterial lipopolysaccharide (LPS) in vivo.

3

Therefore, such macrocycles are a good candidates for development of novel anti-inflammatory agents, which

will fill the gap in existing anti-inflammatory therapeutics and significantly broaden treatment possibilities.
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DRUG DESIGN AND BIOLOGICAL EVALUATION OF NOVEL ARYL

HYDROCARBON RECEPTOR (AhR) ANTAGONISTS
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Ribeirão Preto-SP, Brazil

Aryl hydrocarbon receptor (AhR) is a transcription factor activated by ligand, which regulates genes of the

cytochrome P4501. However, AhR also modulates many physiological and pathological processes that affect

inflammatory and immunological responses. There is a growing interest in discovery of selective competitive

antagonists for AhR, where the most potent ones exhibit acceptable antagonist properties but they also show

partial agonist activity. Other AhR pure competitive antagonists also exhibit agonist activity on estrogen

receptors (ER), such as the resveratrol2 and kaempferol3. Also, limited availability of selective and pure

competitive AhR antagonists and scarce structural information regarding AhR binding domain (located in

PAS-B structure within the PAS domain) are reported.

In this work, a preliminary search in the Protein Data Bank (PDB) for AhR structures revealed only one – a

PAS-A domain, but not PAS-B. A homology model of the PAS-B domain of the AhR receptor was then carried

out, using PAS-B structures of ARNT as templates, which belongs to the same family of AhR proteins and

whose PAS-B domain share a sequence identity with PAS-B of AhR around 30% (50% for the binding residues).

A flexible docking approach was then used with the most potent AhR antagonists reported, allowing us to derive

(and to validate) a pharmacophoric pattern common to the compounds thus aligned.

Two subsequent virtual screening experiments were then performed in databases of commercially available

compounds, using the pharmacophore model built for the most potent AhR antagonists reported. In sequence, the

compounds were filtered regarding to both atoxicity and good pharmacotherapeutic profile, thus predicted in

silico, and tested. Finally, 7 novel atoxic AhR antagonists have been thus discovered, which experimentally

showed atheroprotective efficacy correlated to the AhR antagonism, since they inhibited, almost completely,

AhR-mediated oxLDL uptake by murine macrophages, induced by TCDD. 
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NOVEL TRIAZOLE BASED MANNICH BASES AS ANALGESIC AND
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Molecular hybridization is a powerful tool in the rational drug design approaches where new chemical entities

are obtained by combining two or more pharmacophores of bioactive scaffolds into a single molecule with the

aim of both improved biological potential and reduced undesirable side effects. 1,2,4-Triazole scaffold has been

subjected to the many researches for their variety biological activities. Over the last twenty years, our interest has

focused on the synthesis of novel heterocyclic systems derived from 3-substituted-1,2,4-triazole-5-thiones

having analgesic/antiinflammatory activity. Analgesic and antiinflammatory properties of some Mannich bases

derived from 3-substituted-1,2,4-triazole-5-thiones were also examined previously

1,2)

. Some of these compounds

were shown to exert higher analgesic/antiinflammatory activity and lower ulcerogenic risk in the stomach.

Prompted by these promising results, and in continuation of the efforts toward the development of new

molecules having analgesic/antiinflammatory activity, here, we synthesized new analogue Mannich bases

starting from a hybride molecule involving both 1,2,4-triazol and naproxen which is a member of the

2-arylpropionic acid family of NSAIDs.

The synthesis of target compounds was performed in two steps: Initially, 3-[1-(6-methoxy-2-naphthyl)

ethyl]-1,2,4-triazole-5-thione was synthesized by dicyclohexylcarbodiimide (DCC)-promoted amide formation

reaction, starting from naproxen according to pathway that was reported in our previous articles

2,3)

. In the second

step, target compounds were acquired via the classical Mannich reaction, a one-pot three component

condensation reaction, by reacting triazole molecule, formaldehyde and diverse secondary amines in ethanole

1)

.

The synthesized compounds were characterized and elucidated by FT-IR, ¹H-NMR and

 13

C-NMR spectroscopies

and elemental analysis. Preliminary activity results of the compounds will be discussed in the poster.
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Heterocyclic compounds based on imidazopyridine scaffold have been extensively studied in medicinal

chemistry and chemical biology due to their diverse effects. This widespread biological activity is attributed

particularly to their bioisostery to purine and indole moieties. The letter points to possible modulation of

phoshodiesterases (PDEs), enzymes which control intracellular level of cAMP and cGMP. In recent years PDE4

and PDE7 have emerged as a promising molecular targets for the treatment of neurological, inflammatory and

immune disorders [1]. Regarding the mentioned-above, we designed novel trisubstituted imidazo[4,5-b]pyridines

and imidazo[4,5-c]pyridines as potential PDE4 and/or PDE4/7 inhibitors. The synthetic strategy was inspired by

our previous experience in solid-phase synthesis of imidazopyridines, however solid-phase approach had to be

applied due to the specific properties of the final compounds [2]. Synthetized compounds were biologically

evaluated in vitro using PDE-Glo

TM

 Phosphodiesterase Assay and human recombinant PDE4B and PDE7A

expressed in Sf9 cells, and displayed potent inhibitory activity at concentrations close to those of the reference

compounds – rolipram and BRL 50481, respectively. The inhibition of both cAMP-specific isoenzymes resulted

in a strong anti-TNF-a effect in vitro. In a rat whole blood assay, several studied compounds decreased

concentrations of this cytokine by 82.3–92.7%. Finally, anti-inflammatory activity of the  most promising

compound was tested in LPS-induced endotoxemia model and  collagen-induced arthritis in rats. This compound

at a dose of 20 mg/kg was able to reduce TNF-a levels in rat plasma by approximately 50% and significantly

decreased the paw size of arthritic rats in all time points measured. In addition, the studied PDE4/7 inhibitor

revealed a favorable pharmacokinetic profile following intraperitoneal administration to rats. Further studies are

warranted to gather more data regarding pharmacokinetic and pharmacodynamic properties of these derivatives

in order to indicate their potential therapeutic applications.

This project was supported by the National Science Centre, Poland, grant No 2014/15/B/NZ7/00885, and the

statutory activity of Jagiellonian University Medical College (K/ZDS/007214).
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NITRIC OXIDE RELEASING NSAID DERIVATIVES AS

ANTIATHEROGENIC COMPOUNDS
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Atherosclerosis is an inflammatory disease accompanied by endothelial dysfunction, oxidative stress and a

decline in nitric oxide (NO) production. In diabetic macroangiopathies there is an increase in superoxide anion

radical production and a decrease in NO released by endothelial cells. Aging is an important risk factor for

cardiovascular diseases and in aged animals, increased levels of proinflammatory molecules are expressed in

senescent cells.

Inflammation plays an essential part in the development of atherosclerosis, through upregulating endothelial

adhesion receptors, promoting platelet aggregation, altering vascular permeability and inducing oxidative stress.

Furthermore, genetic deletion of lipoxygenase decreases LDL oxidation and atherosclerotic lesions in animal

models.

Endothelial NO promotes vascular smooth muscle relaxation and inhibits platelet adhesion.In addition to these

properties, NO also exerts multiple antiatherosclerotic effects, such as inhibition of LDL oxidation, prevention of

leukocyte adhesion to vascular endothelium and leukocyte migration into the vascular wall.

All known risk factors for atherosclerosis enhance oxidative stress and reduce endothelial NO.

Therefore, prevention of vascular inflammation and improvement of endothelial NO activity represent rational

therapeutic approaches for atherosclerosis.

In this investigation, we have designed and synthesised novel derivatives of known NSAIDs, such as ibuprofen

and naproxen, with 2-hydroxyethyl nitrate. In a number of compounds, an aminoacid linkage between the two

molecular entities was introduced. The synthesis was performed using the intermediate acyl-chlorides or

dicyclohexylcarbodiimidazole, with yields up to 85%. The structures were identified spectroscopically.

The synthesised compounds were tested in vitro for lipoxygenase inhibition and found to be more potent than the

parent drugs. Their ability to liberate NO was also determined and found to demonstrate considerable NO

donating activity. Their effect on acute inflammation, applying the carrageenan rat paw oedema model, was

examined and verified that they can inhibit inflammation up to 75%. Their effect on plasma cholesterol and

triglyceride levels was also estimated in rats with Triton-WR1339 induced hyperlipidemia. The synthesised

compounds could reduce plasma lipidemic indices more than 50%.

This study has demonstrated that integration of a nitric oxide releasing moiety with anti-inflammatory drug

molecules results in compounds which retain or augment the anti-inflammatory activity of the parent drugs,

while they acquire significant hypolipidemic effect. This combination of activities is considered useful towards

the development of agents for the prevention and treatment of atherosclerosis.
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MORPHOLINE DERIVATIVES: OPTIMIZING THEIR
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Increased plasma levels of ROS and LDL are considered causal risk factors directly promoting the onset and

progression of coronary and peripheral atherosclerosis. Using previously developed morpholine derivatives as a

starting point

1-3

, we performed extensive structural changes by either substituting or by modifying the

morpholine ring, with the purpose of refining the structural elements required for an improved SQS-antioxidant

pharmacological profile. The most active compounds emerged from this effort display IC

50

 values for SQS

inhibition between 0.014 and 0.51 μΜ, comparable to TAK-475 (IC

50

=0.078 μΜ), the first SQS inhibitor

entered in advanced clinical trials. Moreover, they exhibit good inhibitory activity against the lipid peroxidation

of hepatic microsomal membranes induced by Fe

2+

/ascorbate with IC

50

values much lower than known

antioxidants such as probucol.

 In vivo proof-of-principle studies corroborated our initial design since the most promising derivative of this

series produced an outstanding antihyperlipidemic and antioxidant effect, affording at the same time a significant

anti-inflammatory activity estimated as protection offered against the edema induced by carrageenan. In

conclusion, rational design accompanied by SAR studies produced compounds combining improved antioxidant

and SQS inhibitory activity that may serve as multifunctional agents against atherosclerosis.    
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STRUCTURAL INSIGHTS GUIDING THE DESIGN OF A VACCINE

CANDIDATE AGAINST OTITIS MEDIA PATHOGENS
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Otitis media is a very common childhood infection of the middle ear caused predominantly by a cocktail of

bacteria including Moraxella catarrhalis, Streptococcus pneumoniae and Haemophilis influenzae.  Repeated

episodes of otitis media can lead to hearing loss and developmental issues in young infants. Moreover, recently

an oligosaccharide (OS) antigen from Moraxella catarrhalis and a protein antigen from Haemophilus influenzae
have been combined into a single vaccine candidate and tested for their ability to invoke an immune response in

a mouse model.  The results of these investigations will be presented. 

In addition, we have used NMR and molecular modelling to study the conformation of potential carbohydrate

antigens derived from the OS component of the lipooligosccharide from M. catarrahlis 1.  These studies show

that the highly-branched glucose-rich inner core of the OS has an altered conformation compared to the most

truncated tetra-glucose-Kdo lgt1/4Δ OS structure. Addition of one residue to each of the (1-4) and (1-6) chains

to give the lgt2Δ OS is the minimum requirement for this conformational change to occur.  The occurrence of a

significant conformational change between a truncated and extended OS structure may have important

implications on the strategy utilized to design carbohydrate vaccines composed of truncated OS that, although

may contain the core residues common to many strains, may not necessary possess the same 3D structure of a

wild type OS.  The results of extensive molecular modeling and NMR investigations showing significantly

altered conformational preferences between the two structures will be presented. 
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VALIDATING NOVEL TARGETS FOR PROTEIN DEGRADATION

Grant McGonagle

Protein Degradation DPU, GlaxoSmithKline, GSK Medicines Research Centre, Gunnels Wood Road, Stevenage, SG1 2NY,
UK

The heterobifunctional molecules referred to as proteolysis targeting chimeras (PROTACs), were identified as

promoters of cellular protein degradation over fifteen years ago. PROTACs contain one moiety that binds an E3

ligase and another that binds a desired cellular target protein of interest. This induced proximity results in

ubiquitination of the target followed by its degradation at the proteosome.

1-5

 With interest in this drug discovery

paradigm rapidly increasing throughout the industry, this poster will describe efforts within the Protein

Degradation DPU to validate new targets.

Figure 1: General mechanism of action of PROTACs 

The Interleukin-1 receptor-associated kinases (IRAKs) are key mediators of the toll-like receptor (TLR) and

interleukin-1 receptor (IL1R) signalling processes.

6

 TLR/IL1R-mediated signalling controls diverse cellular

processes including inflammation, apoptosis and cellular differentiation. TLR/IL1R signalling is achieved

through differential recruitment of adaptor molecules such as MyD88. In addition to performing a scaffolding

role, these adaptors function in the subsequent recruitment and activation of IRAK family kinases. Four IRAK

genes exist in the human genome (IRAK1, IRAK2, IRAK3 and IRAK4), and studies have revealed biological

roles in inflammation and oncology.

Using an IRAK4 ligand described in the literature,

7

 the synthesis and biological data of a number of PROTACs

will be discussed in order to determine their ability to bind to and degrade IRAK4.

Figure 2: IRAK4 PROTACs based on literature inhibitor
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GEMINI-TYPE PROTACS FOR THE CHEMICAL KNOCKDOWN OF

CEREBLON

Christian Steinebach (1), Stefanie Lindner (2), Jan Krönke (2), Michael Gütschow (1)

1) Pharmaceutical Institute, Pharmaceutical Chemistry I, University of Bonn, An der Immenburg 4, 53121 Bonn, Germany
2) Department of Internal Medicine III, University Hospital Ulm, Albert-Einstein-Allee 23, 89081 Ulm, Germany

The immunomodulatory drugs (IMiDs) thalidomide, lenalidomide, and pomalidomide, all approved for the

treatment of multiple myeloma, induce targeted ubiquitination and degradation of Ikaros (IKZF1) and Aiolos

(IKZF3) via the cereblon (CRBN) E3 ubiquitin ligase.

1,2

 IMiD-based proteolysis targeting chimeras (PROTACs)

can efficiently recruit CRBN to a protein of interest leading to its ubiquitination and proteasomal degradation.

3

By linking two pomalidomide molecules, we designed and synthesized a series of homobifunctional, so called

gemini-type PROTACs and investigated their ability to induce self-directed ubiquitination and degradation of

cereblon. One of our gemini-type compounds was characterized as a highly potent and efficient CRBN degrader

with only minimal effects on IKZF1 and IKZF3. By performing a global proteomic analysis, we found several

proteins whose levels were increased after PROTAC or pomalidomide treatment that may represent potential

endogenous CRBN substrates. Inactivation by our degrader did not affect proliferation of different cell lines,

prevented pomalidomide-induced depletion of IKZF1 and IKZF3 and antagonized the effects of pomalidomide

on multiple myeloma cells. Homobifunctional CRBN degraders will be useful tools for future biomedical

investigations on CRBN-related signaling and may help to further elucidate the molecular mechanism of

thalidomide analogs.
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GENERATING A CHEMICAL TOOLBOX TO SUPPORT PROTAC R&D

Hannah Maple, Graham Marsh, Simon Pridmore, Nat Clayden, Didier Bruyere, Mark Norley, Robert

Felix

Bio-Techne (Tocris), The Watkins Building, Atlantic Road, Avonmouth, Bristol, BS11 9QD

PROTACs (PROteolysis TArgeting Chimeras) are bifunctional small molecules that harness the Ubiquitin

Proteasome System (UPS) to selectively degrade target proteins within cells. They represent an exciting new

modality, repurposing small molecule chemical tools to achieve selective degradation (knock-down) of target

proteins. Moreover, they have the potential to expand the ‘druggable proteome’, since they can be used to degrade

proteins that although bound, are not effectively inhibited, by small molecules. (1) (2)

PROTACs are modular in design and consist of three, covalently linked components:

1. E3 ubiquitin ligase ligand

2. Linker

3. Ligand for a target protein of interest

The development of small molecule ligands for E3 ligases has been pivotal to enabling successful PROTAC

development. Availability of these compounds, together with knowledge of their binding mode, has facilitated the

burgeoning interest from research groups to enter this field and develop PROTACs as chemical tools and

potential therapeutics. To date, however, only a handful of E3 ligases have been successfully harnessed for this

application, using a set of well characterized small molecule E3 ligase ligands. Published data has shown that the

choice of E3 ligand can impact the activity and selectivity of the final PROTAC, and as such, it can be beneficial

to explore different E3 ligands early on in PROTAC discovery projects. (3)

Controlled, PROTAC-mediated, ubiquitination of proteins requires the formation of a ternary complex between

the E3 ligase, PROTAC and target protein. The choice of linker is critical for enabling ternary complex

formation, and in addition can confer beneficial physicochemical properties, such as improved solubility/cell

permeability.

We present the design of an initial collection of functionalized E3 ligase ligands plus linkers for a modular

‘PROTAC toolbox’. The components are building blocks, designed to support and enable early stage PROTAC

discovery projects. In addition we compare the current landscape of clinically and chemically ‘druggable’

proteomic space covered with commercially available, biologically active small molecule tools to highlight

opportunities for novel PROTAC development.
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RHOMBOID PROTEASES: DOES THE ENVIROMENT MATTER?

Marta Barniol-Xicota (1), Steven Verhelst (1,2)

1) Laboratory of Chemical Biology, Department of Cellular and Molecular Medicine, KU Leuven - University of Leuven,
Herestraat 49, box 802, 3000 Leuven, Belgium

2) AG Chemical Proteomics, Leibniz Institute for Analytical Sciences ISAS, Otto-Hahn-Str. 6b, 44227 Dortmund, Germany

Intramembrane proteases (IMP) are proteolytic enzymes that are embedded in the lipid bilayer. The serine

subclass of IMPs are also called rhomboid proteases (ROMs). ROMs are the most ubiquitous IMPs in nature

and occur in all three kingdoms of life [1]. Their functional roles include important cell signaling events, such as

quorum sensing in some prokaryotes. Recently, ROMs have been linked to several human diseases, such as

Parkinson’s disease and cancer [2]. Despite this, their specific role and their druggability are unclear.

 

Figure 1. Model ROM in a membrane.

IMPs cleave their substrates, which are also membrane proteins, in a TM or in a juxtamembrane region. The

weak transmembrane packing interactions of ROMs, are responsible for their low intrinsic thermodynamic

stability, which translates in a high dependence on the environment. Hence, rhomboid protease activity is

substantially influenced by membrane composition [3].

Unfortunately the study of these ROMs in their native environment has rendered impractical to date. The

bottleneck is the current purification techniques use detergents that ravage the physiological membrane, yielding

low enzyme stability [4] and, in some cases, activity. In its turn, this rules out the use of activity assays and

chemical probes to study their function. Encapsulating these proteins in their lipid environment will address these

shortcomings.

Figure 2. SMALP schematic mechanism. SMA copolymer extracts the membrane protein in a SMALP

nanoparticle.

We have developed a detergent free purification method, based on maleic acid copolymers: SMA and DIBMA.

Those function as a “molecular cookie cutter”, creating polymer-lipid-protein nanodiscs, which retain their

biological properties upon purification. Here we present the results of the comparative study (detergent vs

nanodiscs) of two rhomboids: GlpG (E.Coli) and VcROM (V.Cholerae).
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EU-OPENSCREEN: THE EUROPEAN INFRASTRUCTURE FOR

CHEMICAL BIOLOGY

Bahne Stechmann

EU-OPENSCREEN ERIC, Robert-Rössle-Str. 10, 13125 Berlin

The academic Chemical Biology initiative EU-OPENSCREEN (www.eu-openscreen.eu) integrates

high-capacity screening platforms throughout Europe, which jointly use a rationally selected compound

collection, comprising up to 140.000 commercial and proprietary compounds collected from European chemists.

EU-OPENSCREEN offers to researchers from academic institutions, SMEs and industrial organisations open

access to its shared resources. EU-OPENSCREEN will collaboratively develop novel molecular tool compounds

with external users from various disciplines of the life sciences.

External chemists are invited to include their proprietary compounds into the jointly used EU-OPENSCREEN

compound collection, which is screened against a wide range of biological assays, thereby delivering extensive

information about the biological activities of their compounds. This also opens the perspective that some of these

donated compounds will be identified as hits. In that case, the respective chemist will be asked to be involved in

the following research projects and novel collaborations with the assay providers from all over Europe and

beyond. Furthermore, EU-OPENSCREEN bioprofiles these donated compounds in a set of standard assays to

annotate them for basic physico-chemical (e.g. identity, solubility, light absorbance and fluorescence) and

essential biological properties (e.g. cytotoxicity, antibiotic activity, antifungal activity). Thus, chemists will

rapidly receive data on the biological activities of their donated compounds.
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PROMS: A CONSTRUCTION KIT FOR POTENTIAL METASTATIC

INHIBITORS INVOLVING PROLINE-RICH SEGMENT

RECOGNITION

Slim Chiha (1), Ronald Kühne (2), Hans-Günther Schmalz (1)

1) University of Cologne, Department of Chemistry, Greinstrasse 4, 50939 Köln, Germany
2) Leibniz-Institut für Molekulare Pharmakologie (FMP), Robert-Rössle-Str. 10, 13125 Berlin, Germany

Protein domains specialized in the recognition of proline-rich segments (PRS) adopting a left-handed

polyproline type II helix (PPII) conformation are particularly abundant, yet so far undruggable.

[1] 

Considering

that these domains ( e.g. Ena/VASP EVH1) often play a significant role in the expansion of invasive cancer, they

represent a target of choice for the development of a potential metastatic inhibitor.

We established efficient syntheses of proline-derived modules (ProMs), i.e. polycyclic dipeptide units

structurally rigidified in a PPII conformation.

[2] 

These were then used as building blocks in the synthesis of

tailored small molecule ligands, which selectively bind to the target domain with remarkable affinity.

As a proof-of-principle, we developed a highly selective, non-peptidic inhibitor of protein-protein interactions

involving Ena/VASP EVH1 domains. Highly invasive breast cancer cells treated with this ligand showed

displacement of VASP from focal adhesions at the front of lamellipodia and caused a strong suppression of cell

motility and chemotaxis, as reflected by an inhibition of cancer cell invasion by 66%.

[3]
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ENCODED SELF-ASSEMBLING CHEMICAL (ESAC) LIBRARIES: A

POWERFUL TECHNOLOGY FOR LIGANDS DISCOVERY AND

AFFINITY MATURATION

Etienne Donckele (1), Florent Samain (1), Martina Bigatti (1), Arnel Hodzic (1), Dario Neri (1,2), Jörg

Scheuermann (2)

1) Philochem AG, Libernstrasse 3, CH-8112 Otelfingen, Switzerland
2) ETH Zürich, Institut für Pharmazeutische Wissenschaften, Vladimir-Prelog-Weg 1-5/10, 8093 Zürich, Switzerland

DNA-encoded chemical library (DECL) technology has become a useful tool for ligand discovery in chemical

biology and in pharmaceutical research. The encoding of individual organic molecules with DNA fragments,

serving as amplifiable identification barcodes, allows the construction and screening of compound libraries of

unprecedented size. 

DNA-encoded chemical libraries can be classified in terms of their synthesis strategy (e.g., “DNA-recorded” and

“DNA-templated” synthesis) or on terms of the number of molecules displayed on DNA (e.g.,

“single-pharmacophore” and “dual-pharmacophore” libraries). They make use of DNA hybridization in order to

generate DNA-encoded assemblies of small-molecule fragments in a sequence-programmed fashion. Encoded

Self-Assembling Chemical (ESAC) technology allows the identification of synergistic binding pairs of

fragments, capable of interacting with adjacent epitopes of the target protein of choice in a chelate fashion. Here,

we describe novel advances in ESAC technology, including an experimental demonstration for the isolation of

high-affinity ligands directed against acid-1 glycoprotein (AGP). The strategy relied on the discovery of

synergistic fragments, binding to adjacent sites on the AGP surface, followed by the identification of optimal

linkers to connect the two fragments. The best ligand had a dissociation constant of 9.9 nM to the target, which

was confirmed both by fluorescence polarization and by BIAcore methods.
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SENSING G-QUADRUPLEXES BY USING INFRARED PROBES

Gonzalez-Garcia Jorge (1), Delcamp Jared (2), Gabelica Valerie (1)

1) European Institute of Chemistry and Biology (IECB), University of Bordeaux, 2 Rue de Escarpit, Pessac 33600, France.
2) Department of Chemistry and Biochemistry, 405 Coulter Hall, University of Mississippi, USA.

In the past few years, non-canonical nucleic acid structures have emerged as molecular controlling gates of

biological processes acting as epigenetic markers. Unusual nucleic acid structures include triplexes, i-motifs,

three-way junctions, holiday junctions or G-quadruplexes (G4). The later one is formed from stacks of two or

more planar guanine tetrads that arise from hydrogen bonding network of four guanines whereas these structures

are assembled and stabilized by alkali metal cations. A large number of putative G-quadruplex forming

sequences have been identified in the human genome and evidences suggest their pivotal role in key biological

processes.

[1]

 Therefore, these G4 structures have been proposed as potential targets by small molecules for

therapeutic intervention.

[2]

Even G-quadruplexes have been fully proved to exist in vitro; their existence in vivo still remains an active

debate. Some of the most direct evidence has been obtained by using antibodies to visualize G4 structures in

fixed cells.

[3]

 Because of the limitation of the antibody technology, a large number of optical probes has been

reported to date to visualize these structures in live cells (rather than fixed cells). Mostly, small-molecule optical

probes are based on changes in the emission intensity in the visible range.

[4]

 However, this approach in

microscopy has important drawbacks such as photon scattering, high absorption and autofluorescence of cells.

To overcome this issue, we recently developed a series of small near infrared fluorescent probes which emission

intensity is tightly regulated by the interaction with G-quadruplexes.

In this communication, we will present our most recent studies in this area including: (i) development of new

NIR optical probes for targeting G4s; (ii) interaction of these probes towards a panel of G-quadruplexes of

different topology in addition to duplexes and other non-canonical DNA structures; (iii) demonstration that these

probes can be used in live cells to visualize G4 formation processes.
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MONOAMINE OXIDASE A/B INHIBITING EFFECT AND

MOLECULAR MODELING OF SOME SYNTHESIZED HYDRAZONE

DERIVATIVES

Hayrunnisa Tasci (1), Begum Nurpelin Saglik (2), Yusuf Ozkay (2), Birsen Tozkoparan (1), Nesrin

Gokhan Kelekci (1)
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The monoamine oxidases (MAO-A/B) from family of oxidoreductase enzyme is responsible for the deamination

of monoamine neurotransmitters such as noradrenalin, serotonin, dopamin. Increased activity of these enzymes

lead to imbalance in the concentration of these neurotransmitters in the brain. This circumstance is linked with

the biochemical pathology of various neurologic disorders and neurodegenerative diseases (1). There have been

many reports that show increased level of hMAO-B in the brain of AD patients (2, 3) and a number of research

reports have suggested that the depletion of monoamine neurotransmitters concentration in severe depression

cases (4,5). In this regard, MAO inhibition is a important target for in therapies and prophylaxis of these

neurogenic defects.

Considering the pharmacological importance of MAO inhibitors, different chemical structures have been

designed and evaluated in terms of MAO inhibition. Hydrazones which are one of the these structures are open

chain pyrazolines in whch the two aromatic rings are linked by C=O-NH-N=CH system. There have been many

reports on the antidepresant / MAO-inhibition activity of hydrazones derived from substituted hydrazides and

their reduction products(6).

As a major goal was to obtain a novel lead compound, in this paper, we designed a series of hydrazones

containing substituted-2-benzoxazolinone derivatives. Molecular modelig studies were carried out on recent and

high resolution hMAO-A and hMAO-B crystallographic structures to better justify the enzyme-inhibitor

interaction toward hMAO isoforms and to explain the structure-activity relationship of this kind of inhibitors.

Synthesized compounds were assayed for their in vitro hMAO inhibitory activity and selectivity and all

compounds showed IC50 values in the micromolar range against hMAO-B.
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ANTIMICROBIAL ACTIVITIES OF CHIRAL THIOUREAS AND

THEIR CYCLIZED DERIVATIVES THIAZOLIDINONES
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Kelekci (1)
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The emergence of resistance to the major classes of antibacterial agents is recognized as a serious health

problem. Particularly, in recent years much attention has been focused on the multi-drug resistant bacteria and

fungi resulting from the widespread use and misuse of classical antimicrobial drugs. Thioureas, both with

symmetrical and unsymmetrical structure, have attracted much attention as antimicrobial drug candidates

1

. Many

organic connections of thiourea were found to be cytotoxic against different cell lines derived from human

tumors

2-5

. Thiourea derived compounds have also been reported as inhibitors of herpes virus family as well as

they are effectively used in the antiretroviral therapy

6-7

. Cyclized thiourea forms named imino-thiazolidin-4-one

derivatives have also been attracting considerable attention due to their biological importance and the biological

investigation of thiazolidinones has revealed that substitution at 2,3 and 5 positions imparts different activities

8

.

It was reported that napthylthiourea, phenylthiourea and 1,3-diphenylthiourea were to be highly cytotoxic in rat

hepatocytes and the methylene unit insertion between phenyl and thiourea remarkably reduced the cytotoxic

activity

9,10

. Keeping this in mind and as a part of research program to investigate the role of substitutions by

functional groups attached to the thiourea bridge and thiazolidinone ring, synthesized compounds were evaluated

for antibacterial and antifungal activities. The compounds A-2-RR, C-2-SS and C-2-RR are the ones with the

highest antifungal and antibacterial activity in all compounds. The chiral thiourea structure A-2-RR, and the

benzylidenthiazolidin-4-one structure C-2-SS and C-2-RR compounds have the highest antifungal and

antibacterial activity in all compounds. These compounds have antifungal activity of 8-2 μg / ml and

antibacterial activities of 64-2 μg / ml. The compounds were found to be effective all bacterial strains. These

three compounds are considered to be promising compounds that can be used therapeutically due to their high

antifungal and antibacterial activity.
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The water-soluble and fluorescent [60]fullerene derivative (C

60

-serPF) was designed to be an amphiphilic

nanostructure, which is able to cross biological membranes and accumulate in tumor tissues by passing through

abnormally leaky tumor blood vessels.  The goal of the design of [60]fullerene nanoparticle was to enhance drug

delivery systems in targeting the micro-vasculature and micro-environments of breast cancer tumors.

Additionally, the ability to real-time fluorescence imaging of C

60

-serPF allow us to use Intravital microscopy

(IVM) and perform quantitative analysis of particle extravasation. With this tool, we understand the combined

and differential biokinetic effects of radiofrequency (RF) electric-field hyperthermia as an adjunctive therapy to

[60]fullerene nanoparticle-based drug delivery systems. To adequately elucidate the coupled effects of the highly

permeable, but heterogeneous tumor vasculature, with the permeabilizing effects of mild (40-42 

o

C)

hyperthermia produced by a local RF field, we controlled variables across tumor and non-tumor mammary gland

microvasculature with and without application of RF hyperthermia in each condition. The analysis of a

permeability parameter (P

app

), C

60

-serPF velocity, and the time of compound influx into the intra- and

extra-vascular space suggest that mild RF hyperthermia can suggestively improve nanoparticle delivery into

tumor tissue. We proofed that tumor tissue is characterized by more intense drug extravasation than in

contralateral mammary fad pad tissue.
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A NOVEL VIRUS-INSPIRED APPROACH TO DISCOVER

FIRST-IN-CLASS PRECLINICAL ASSETS FOR A RANGE OF

THERAPEUTIC AREAS
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ENYO Pharma SA, Bâtiment Domilyon, 321 avenue Jean Jaurès, 69007 LYON, FRANCE

ENYO Pharma has developed an innovative systems biology approach to identify patentable chemistries directed

at new human disease targets. Viruses are obligate intracellular pathogens that must modulate host cell pathways

involved in countless cellular processes to complete their replication cycle. ENYO’s approach identifies the host

targets of a virus, and develops therapeutics mimicking the viral molecular mechanisms. As the target is a human

pathway, ENYO’s molecules have a therapeutic application beyond infectious diseases.

ENYO Pharma has built a library of virus-derived peptides known to be necessary for virus-host protein-protein

interactions. From this library, one sequence has been selected for study due its ability to induce autophagy and

inhibit influenza replication. A 3D structure based approach was used to design small molecules that mimic the

pharmacophores on the bioactive peptide and screening of a small collection of mimics identified a structurally

related, active cluster. Optimisation of this starting point has generated a novel class of molecules that potently

inhibit Influenza replication (IC50 in whole cellsin vivomodels including inhibition of tumor growth in mouse

xenograft models. Data communicating the properties of this chemical series will be presented.

ENYO Pharma has received funding from the European Union’s Horizon 2020 program to scale-up our approach

to discovery research. The aim is to discover original preclinical assets in both infectious and non-infectious

disease contexts. ENYO Pharma has designed a proprietary library of 10,000 developable small molecules that

mimic the pharmacophores on bioactive peptides targeting multiples cellular pathways. The library has been

screened in phenotypic assays against four viruses (Influenza, RSV, Zika and HRV), one mycobacterium

(Tuberculosis) and also screened for inducers of Immunogenic Cell Death in a triple negative breast cancer cell

line. The characteristics of the library and output of screening will be presented. Our drug discovery engine can

be leveraged through partnership to further exploit the capacity of the library to deliver first-in-class drug

candidates.
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(2), Janez Štrancar (2), Marko Anderluh (1)
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DC-SIGN is a type II C-type lectin expressed exclusively on dendritic cells (DCs) that has a clear role in the

immune response as an antigen-uptake receptor but, conversely, can also facilitate infection by providing entry

of pathogens into DCs.

1

 By binding to DC-SIGN pathogens are internalized in DCs, but escape lytic processing

in DCs’ endosomes until delivered to the cells to be infected.

2

 The key action in both processes is internalization

into acidic endosomes and lysosomes. Prevention of pathogen adhesion to DC-SIGN by its inhibitors is thus a

plausible mechanism towards novel antiviral or antibacterial agents. DC-SIGN inhibitors offer one of the

possible alternatives towards topical microbicides for blocking HIV-1 transmission. Molecular probes that bind

to DC-SIGN could thus provide a useful molecular tool to study internalization and constitute potential

antagonists against pathogens. So far, only large molecules have been used to directly observe

DC-SIGN-mediated internalization into DCs by fluorescence visualization.

We designed and synthesized a small, rhodamine-based glycomimetic probe that is pH-activatable and exhibits

aggregation-induced spectral shift.

3

 As the shift is very small, a recently developed, highly spectrally sensitive

fluorescence microspectrometer was used to evaluate local shifts in live-cell samples. The time dependence of

fluorescence emission intensity and spatial dependence of the spectral shape confirmed that this probe targets

and accumulates in DC compartments with low pH. A competitive gp120 displacement assay established a

relatively high DC-SIGN affinity for the probe. Internalization was significantly lower in monocytes that do not

express the C-type lectin receptors (CLRs) to induce internalization, thus supporting the notion of CLR-mediated

internalization of the probe. This indicates that small molecules can be internalized by the same mechanism as

pathogens, and that inhibition of binding is not restricted to the extracellular space, but might also involve

cytosolic compartments. The newly synthesized compound, therefore, might serve as a model compound for

other receptor-specific and environment-sensitive smart probes, as well as for further rational design of

DC-SIGN antagonists. Our results indicate that small glycomimetic molecules could compete with

antigen/pathogen for binding not only outside but also inside the DC, thus preventing the harmful action of

pathogens that are able to intrude into DCs, for example, HIV-1.
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It has been estimated there may be as many as 650 000 protein-protein interactions (PPI) in human cells.

Modulation of these interactions would potentially significantly enlarge the “drugable genome”. 14-3-3 is a

family of seven highly conserved regulatory proteins and has been reported to interact with the glucocorticoid

receptor (GR), a nuclear receptor which functions as a ligand dependent transcription factor, and modulate its

activity

1

. Different reports however have described both positive and negative regulatory roles to GR/14-3-3

interactions.

2,3,4,5

 Given the importance of GR agonists in medicine it is of great interest to better understand the

role(s) of these interactions and to study their modulation. 

In this work, the interaction between GR and 14-3-3 has been studied. Phosphopeptides, centered on putative

14-3-3 binding sites of GR, were synthesized and their affinity was measured with 14-3-3. Two peptides centred

around T524 and S617 were the most active. A dimeric peptide based on these two joined by a pentaglycine

linker was synthesized and determined to bind to 14-3-3 in the low nM range. The SAR picture for the

importance of different residues to the binding was built up by an alanine scan. Finally these peptides have been

crystallized with 14-3-3 (Figure 1).

 

Figure 1. Crystal structure of GR_T524-S617 and 14-3-3ζ
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In situ-click chemistry brings together an advantageous procedure for generating new molecules with an ideal

macromolecular template to generate high specific binders to a selected target.

1

 1,3-dipolar Huisgen reaction

usually requires a copper catalyst to be performed at room temperature with short reaction times. However, if

reactants (alkyne and azide derivatives) are brought together in an appropriate fashion, the reaction undergoes

successfully without the need of a metal catalysis. Using an enzyme as a template allows for the formation of

those unique triazoles that constitute good enough binders to react, presuming the newly formed products will be

good binders of the enzyme.

We therefore envisioned that in situ-click chemistry would be an ideal methodology not only to discover new

enzyme-targeted drugs, but a method in which combining fragments with an complementary activity would lead

to the formation of bi or tri functional molecules. Specifically, our work is centered in discovering new BACE-1

inhibitors formed by fragments active in other key enzymes involved in neurodegenerative diseases. These

molecules emerge as a potential approach to treat these disorders, were multiple factors are involved in onset and

disease progression and an efficient therapy requires tackling several pathological pathways simultaneously.

2
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Recently, intensive research has been conducted on cinnamic acid scaffold, seeking to create new polyfunctional

drugs acting as inhibitors on multiple biological targets. [1] Substituted cinnamic acid hybrids as well as natural

coumarinyl derivatives exhibit a wide range of biological activities whereas hybrids combining both scaffold are

used as drugs with anticoagulant , anti-inflammatory , antimicrobial, antioxidant and anticancer properties [2,3].

In our laboratory the last decade several derivatives of cinnamic acids have been designed and synthesized as

potent pleiotropic agents e.g. lipoxygenase inhibitors, antioxidants and anti-inflammatories.

In continuation of our research, we made an attempt to design and synthesize two series of new multitarget

agents cinnamic acid-based drug candidates : a) hybrids of substituted cinnamic acids with known drugs and

drug-like molecules, such as paracetamol, hymechromone, propranolol, atenolol, 7- or 4- or 6-OH-coumarin, and

b) acetic acid derivatives of 6- and 7-hydroxycoumarins with several amines. [4]

For the synthesis of the novel hybrid compounds we applied known synthetic procedures and simple techniques.

The compounds have been identified using spectroscopic methods and they were tested in vitro: a) as antioxidant

and scavenging agents, b) as inhibitors of multiple biological targets implicated in inflammation e.g.

lipoxygenase, trypsin.
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The encoding of organic molecules with distinctive DNA tags allows the construction and screening of

DNA-encoded chemical libraries (DECL) of unprecedented size, thus facilitating ligand discovery. Library

selections are typically performed by affinity capture against purified proteins of interest, followed by PCR

amplification and DNA sequencing. Although these methodologies may enable the discovery of useful binders,

their successful implementation requires an adequate application of various experimental parameters. Stringent

washing steps, presence of detergent, and elution conditions may significantly impact the selection outcome.

1-3

 The assessment and optimization of DECL selections using qPCR methodologies represents an important step

in order to facilitate ligand discovery.

4

 Here, we describe the quantification of DNA input/recovery in model

selection experiments, performed on immobilized tagged-modified carbonic anhydrase-IX (CAIX). The recovery

of different DNA-tagged ligands of known biochemical properties and compounds of irrelevant specificity used

as negative controls was assessed using qPCR methodologies, providing invaluable information regarding the

contribution of experimental parameters towards recovery yields and selectivity in screening procedures. The

model selection experiments allowed the implementation of optimized selection methodologies both to single-

and to dual-pharmacophore libraries. Results of these selection experiments will be presented.
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Fbw7 is an important E3 ligase and one of the most commonly deregulated proteins in human cancers. 6% of

cancers have mutations in the fbw7 gene. In one hand, the loss of activity of the mutated Fbw7 results in a loss of

its tumour suppressor function and an upregulation of the natural and oncogenic substrate proteins, such as

c-Myc, cyclin-E, and Notch.

1 

On the other hand, the inhibition of Fbw7 has been proposed as an approach to

sensitize cancer stem cells to chemotherapies.

2

 Given the key role of Fbw7 in tumorgenesis, a small molecule

directly targeting Fbw7 would have a large impact on the clinic. However, so far, no potent small-molecules that

directly bind to Fbw7have been reported, in part because modulating their activity and regulation requires

targeting protein-protein interactions.

3

Our goal is to identify and characterize fragments that bind to the Fbw7 E3 ligase and can be further developed

as chemical probes. These fragments may turn on or off the activity of the protein. Fbw7 binders could serve as

anchors to develop disease-specific PROTAC molecules, leading to proximity-induced ubiquitylation and

subsequent degradation of proteins of interest.

4

 Our group has built a library of around 700 fragments. Surface

Plasmon Resonance (SPR) has been carry out. Potential fragment-hits have been identified and they are being

validated using orthogonal biophysical techniques. Furthermore, in order to elucidate the binding mode of the

fragments, it is crucial to perform x-ray crystallography. Crystal structure of fragments binding to the protein

will not only show the key points for the interaction but also it can provide the starting point for a rational design

to grow the molecules in order to improve their affinity and specificity.
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Two novel conjugates of pyrene and cyanine were constructed by linking them with a rigid triazole–

peptide linker. These new probes bind very strongly (with 0.1 mM affinity) to both ds-DNA(RNA) and

proteins (BSA), giving significantly different fluorimetric responses: a strong pyrene emission change is

highly selective for proteins and the ‘‘switch-on’’ of cyanine fluorescence is highly selective for

DNA(RNA). Moreover, the new probes yield induced CD bands only with DNA/RNA, but not with BSA,

which allowed an independent check of DNA presence in DNA/protein mixtures. Furthermore, these

probes contain a FRET pair of chromophores, whereby FRET is silent in a free molecule solution and is

activated by binding of the small molecule to the biomacromolecular target. The efficiency of FRET is to

some extent related to the secondary structure of DNA/RNA and only for one of the probes is

FRET activated in proteins. The two probes show distinctively different induced CD patterns in the

400–600 nm range (attributed to a different position of linker attachment on the cyanine core), allowing

differentiation between various secondary structures of DNA or RNA, which are shown to be additionally

enhanced by combining pyrene and cyanine into one molecule. Due to their low cytotoxicity and efficient

cellular uptake, these probes are good candidates for further biological studies.
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Intramembrane proteases control important biological processes by cleaving membrane proteins in their

transmembrane helices. Rhomboid-family intramembrane serine proteases have been associated with malaria,

cancer, and Parkinson's disease. They have emerging medical potential, but their specific inhibitors have been

lacking. Here we bridge this gap, building on structural understanding of rhomboid protease specificity and

mechanism [1-2], and discover that peptidyl alpha-ketoamides substituted at the ketoamide nitrogen by

hydrophobic groups are potent rhomboid inhibitors [3]. They are active in the nanomolar range, surpassing the

currently used rhomboid inhibitors by up to three orders of magnitude. Such peptidyl ketoamides show

selectivity for rhomboids, leaving most human serine hydrolases unaffected. Crystal structures show that these

compounds bind the active site of rhomboid covalently in a substrate-like manner, and kinetic analysis reveals

their reversible, slow-binding, non-competitive mechanism. Since ketoamides are clinically used

pharmacophores, our findings uncover a straightforward modular way for the design of specific inhibitors of

rhomboid proteases, which are widely applicable in cell biology and drug discovery.
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Endothelial dysfunction that may result from multiple factors including loss of balance between vasoconstrictors

and vasodilators, oxidative stress, inflammation, dysfunctional immunity, dyslipidemia and hyperglycemia,

alters vascular homoeostasis and contributes to progression of vasculopathies and complications to a wide

spectrum of disorders and organ damage. Endothelial cells show significant expression of dipeptidyl peptidase-4,

besides its soluble circulating form. Inhibition of dipeptidyl peptidase-4 might participate in preservation of

endothelial function, its integrity and vasculoprotection. Mechanisms underlying beneficial effects of dipeptidyl

peptidase-4 inhibitors on vascular dysfunction are ascribed to its catalytic and receptor-like activity,

improvement of glyco- and lipometabolic profiles, impacts on mediators of oxidative stress, apoptotic markers,

inflammatory signaling, number and mobilization of endothelial progenitor cells, vascular smooth muscle cells

proliferation and vascular tone.

We pointed to beneficial effects of dipeptidyl peptidase-4 inhibitors in the repair after myocardial infarction by

the prevention of the cleavage of chemoattractant cytokine stromal cell-derived factor-1,

1

 and this work

represents the continuation with the aim to gain more detailed insight into multiple favorable effects of

dipeptidyl peptidase-4 inhibition in the improvement of vascular dysfunction.
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MicroScale Thermophoresis (MST) is a versatile method for the quantitative characterization of intermolecular

interactions. In this technique a variation in the fluorescence signal is detected, which is a result of a temperature

gradient induced by an infrared laser [1]. Because the extent of the variation in the fluorescence signal correlates

with the binding of a ligand to the fluorescent target, this signal can be translated into the equilibrium

dissociation constant (Kd). Although MST measurements can be performed using intrinsic fluorescence of

proteins, labeling of the target proteins with a suitable fluorophore is often required. To enable near-native,

site-specific in situ labeling strategy of proteins, we employed the combination of oligohistidine tag and its

high-affinity ligand tris-NTA.  Tris-NTA is comprised of three NTA moieties coupled to a cyclic scaffold and

can thus simultaneously bind six histidine residues of a His6-tag, yielding subnanomolar binding affinity and a

well-defined 1:1 stoichiometry. During our first iteration, three different three DYE-tris-NTA conjugates

(NT647, NT547 and Oregon Green®488) were synthesized and their performance evaluated in the MST binding

assays [2]. RED-tris-NTA conjugate (NT647-tris-NTA) arose as the optimal dye conjugate yielding the best

signal-to-noise ratio. Owing to its red emission spectrum, it enabled also reliable measurements in complex

biological matrices such as cell lysates, which display substantial autofluorescence in the blue and green part of

the spectrum. To further optimize the signal-to-noise ratio and the assay window, we fine-tuned the properties of

the red fluorophore. This resulted in the RED-tris-NTA 2nd generation conjugate with superior signal-to-noise

ratio and amplitude compared to RED-tris-NTA (Figure 1). Overall, we generated a set of DYE-tris-NTA

conjugates that enable site-specific labeling of proteins and thus permit the study of biomolecular interactions in

near-native environment, and the studies of sensitive proteins, which do not tolerate covalent labeling (like

SIRT5).  Importantly, the use of this RED-tris-NTA conjugates may eliminate the need for protein purification

for many MST assay setups, enabling shorter workflows and easier investigation of difficult-to-purify proteins.

Figure 1: Comparison RED-tris-NTA and RED-tris-NTA 2nd generation. The p38alpha inactive kinase was

labeled with the indicated dyes and the MST measurement performed at LED 60% and high MST power. The

data were analyzed after 5 s MST-on time. The signal-to-noise ratio increased from 14.5 to 35.4 with the use of

RED-tris-NTA 2

nd

 generation.
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Iris van de Gevel, Luc Brunsveld

Laboratory of Chemical Biology, Department of Biomedical Engineering
Eindhoven University of Technology, Den Dolech 2, 5612 AZ Eindhoven, The Netherlands

Nuclear Receptors (NRs) are a family of multi-domain transcription factors that reside within the cell. In here,

NRs are able to bind directly to DNA and regulate gene expression. NRs play a role in processes ranging from

embryonic development till homeostasis, and diseases from cancer to diabetes.

1

 Because of this they are a

popular drug target. Targeting their highly conserved orthosteric pocket comes with several disadvantages. These

include specificity problems, where it is hard to target one out of 48 NRs, competition with endogenous ligands

and mutation induced antagonist/agonist switching.

In 2015 Scheepstra et al. discovered an allosteric binding pocket in the ligand binding domain of the

constitutively active retinoic-acid-receptor-related orphan receptor γt (RORγt).

2

  This pocket only forms upon

compound binding and induces a reorientation of helix 12 which blocks coactivator binding and therefore leads

to inhibition. Up till now, this is the only NR known for which this allosteric inverse agonist pocket exists. It

would be of great pharmacological interest to find such pockets in other NRs as well, since this could overcome

a lot of the existing problems inherent to orthosteric modulators.

Figure 1: RORγt (blue) in complex with natural ligand 25-hydroxycholesterol and cofactor peptide SCR2 (PDB:
3L0L) superimposed with RORγt (green) in complex with allosteric compound MRL-871 (PDB: 4YPQ)

The project described here aims to explore if other NRs would be able to form a similar pocket. This is done via

several routes presented here. Using mutagenesis the allosteric pocket and its boundaries in RORγt are evaluated

and pushed to their limit. Besides that, RORα and RORβ are screened for allosteric activity and RORγt

mimicking pockets are engineered into these isoforms. Finally, observed cross-reactivity of RORγt inverse

agonists on the NR Peroxisome proliferator-activated receptor γ (PPARγ) is investigated using covalent

orthosteric blockers.
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TOWARDS THE ELUCIDATION OF THE MECHANISM OF ACTION

OF SMALL MOLECULE UPREGULATORS OF UTROPHIN USING

CHEMICAL PROTEOMICS

Aini Vuorinen (1), Noelia Araujo (1), Maria Chatzopoulou (1), Stephen G. Davies (1), Enrico Emer (1),
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Duchenne Muscular Dystrophy (DMD) is an X-linked recessive and progressive muscle-wasting disease caused

by lack of the cytoskeletal protein dystrophin. There is currently no cure for DMD, although various promising

approaches (e.g. exon skipping, read through of stop codons, gene therapy) are being developed. We aim to

develop an orally delivered small molecule modulator that replaces and compensates for the missing dystrophin

with its autosomal paralogue utrophin. This therapy will be applicable to all patients regardless of their

dystrophin mutation and will target skeletal muscle, heart and diaphragm. In partnership with Summit

Therapeutics, ezutromid (SMT C1100), a first-in-class small molecule utrophin modulator that reduces

dystrophic symptoms in the mdx mouse,

1,2

 is in a Phase 2 clinical trial.

3,4

 Preliminary data from a 24 week

evaluation of patient muscle biopsies has recently been released, and encouraging signs of on-target activity have

been demonstrated.

5

Ezutromid demonstrates proof of principle for the strategy, but we still need to rapidly progress follow-on

compounds which have better efficacy, pharmaceutical properties and/or complementary mechanisms to

maximise the success of the utrophin modulation approach. We have discovered novel utrophin modulator

chemotypes using an improved in vitro screening assay based on immortalised myoblasts from the

dystrophin-null, utrophin luciferase knock-in mouse (LUmdx). Multiple structural classes, which significantly

modulate utrophin expression in both murine and human DMD myoblasts, have been identified and are now

being optimised. However, the precise mechanism by which these small molecules increase levels of utrophin is

not understood. Importantly, initial evidence suggests that some of these small molecules modulate utrophin

transcription through an alternative regulatory mechanism to ezutromid.

To discover the molecular mechanism of action of these novel utrophin modulators we have conducted

structure-activity relationship studies using one of the compound classes, and a variety of chemical probes have

been designed and synthesised in order to undertake chemoproteomic analyses. Initial pull-down studies were

carried out using cell lysates treated with biotin-tagged probe molecules. As a result, a number of potential target

proteins were identified, and the validation of these is ongoing. Additionally, to overcome the issue of limited

cell-permeability of biotin-tagged probes and possible weak binding affinity, we have synthesised a range of

improved dual-tagged probes, which bear a photoaffinity label (diazirine) and an alkyne handle for click

chemistry. In situ pull-down experiments using these probes are ongoing. In addition to pull-down experiments,

RNAseq and ATACseq experiments have been conducted, and analysis focusing on the utrophin A promoter

pathway is ongoing. Recent results and next steps for this work will be presented.
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DEVELOPMENT OF COVALENT INHIBITORS OF KDM5B

 Miranda Wright
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United Kingdom, OX3 7FZ.

Lysine demethylases (KDMs) catalyse the removal of methyl modifications on histone tails which regulates gene

expression. Over twenty KDMs have been discovered and linked to tumour growth and stem cell differentiation.

JmjC-domain containing KDMs require 2-oxoglutarate (2-OG) and molecular oxygen as cosubstrates and Fe(II)

as a cofactor to function. Current inhibitors of JmjC-KDMs are generally limited to metal-chelating scaffolds

which inhibit enzymatic activity through chelation to the active site Fe(II) and compete with 2-OG. The main

challenges have been achieving cellular activity and selectivity between KDMs due to similarity in their active

sites.

The aim of this project was to design and synthesise irreversible inhibitors of KDM5B to reduce competition

with cellular 2-OG. Cysteine 480 in KDM5B is not conserved across KDM5 subfamily and across other KDM

families so targetting this cysteine could result in a selective covalent inhibitor. The designed compounds

incorporated a core scaffold, 8-pyridopyrimidinone and different cysteine-selective electrophiles such as

acrylamide and chloroacetamide in order to fine-tune the covalent reactivity.

The synthesised inhibitors were confirmed to bind covalently to KDM5B and were very potent against KDM5B

in biochemical assays. Clickable analogues of the most potent inhibitor were also synthesised for use in

pull-down assays to determine target engagement of the compounds with KDM5B in the cell.
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TARGETING SPECIFIC INTERACTIONS TO IMPROVE

EGFR-LIGAND BINDING

Markus Kossner

Chemical Computing Group, Kaiser-Wilhelm-Ring 11, 50672 Koeln, Germany

The epidermal growth factor receptor (EGFR) is implicated in many cancers, and its kinase activity is the target

of commercial anti-cancer agents such as Tarceva and Iressa. However, despite their effectiveness, EGFR kinase

inhibitors often show only moderate antiproliferative activity against certain tumour types in the clinic.

Resistance to EGFR inhibitors is mediated by mutation in the ATP site and often through activation of the

MAPK pathways by other receptor tyrosine kinases. This inspired the investigation of agents directed not only at

EGFR kinase but also at divergent targets such as Src kinase or DNA, with the purpose of producing single

compounds termed “combi-molecules”, with greater potency than the single EGFR inhibitor. A structure-based

drug design modeling program, combined with PDB data-mining, protein structural fingerprints and

pharmacophore searches was used to help identify and characterize linkers for connecting EGFR-binding

moieties to DNA and Src targeting functionalities. The resulting compounds showed EGFR inhibitory potency in

the low micromolar to nM range and retained significant activity against their divergent targets.
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THE DEVELOPMENT OF MICROTUBULE AFFINITY REGULATING

KINASES (MARK) INHIBITORS AND THEIR IN-VIVO PROFILE
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Tsagris (1), Nisha Mistry (1), Chido Mpamhanga (1), Debra Taylor (1), Janet Brownlees (1), Alison Levy

(1), Michelle Newman (1), Emilie Bureau (1), Fenghua Fu (2), Zhenhua Wang (2), Zongliang Liu (2)
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Inhibition of microtubule affinity regulating kinases (MARK) may represent the potential to stop the formation

of neurofibrillary tangles (NFTs), a pathology associated with Alzheimer’s disease (AD). Accumulation of NFTs

in the neurons of AD patients correlates well with the degree of dementia. The normal function of tau protein is

to stabilize microtubules, however, phosphorylation at S262 and S356 by MARK kinases results in dissociation

from tau, which in turn becomes hyper phosphorylated by a range of kinases including GSK3 and CDK5. Hyper

phosphorylated tau protein results in the formation of insoluble aggregates and NFTs.

Development of selective MARK inhibitors may provide a valuable therapy for the treatment of AD. On the

other hand it is known that MARK kinases have important functions such as regulation of cell polarity which

may result in undesirable effects in vivo.

We will describe the development of potent and selective series of MARK inhibitors with good ADME

properties. These inhibitors were developed through a template hopping strategy and subsequent optimisation

adjacent to the hinge binding motif. Through a successful research collaboration between MRCT (UK) and

Bioasis (China) we were able to profile these inhibitors in a range of cellular and in-vivo assays probing the

effects of MARK inhibition.
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SYNTHESIS OF BENZAZULENES AS POTENT PIM-1 AND PIM-3

INHIBITORS
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Koskinen (2)
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Cancer remains one of the most treated human diseases in the last decade and despite the numerous investments,

there is limited overall improvement in treatment outcome. The discovery of anti-cancer drugs is undergoing and

represents a highly challenging endeavor. Dysregulation of kinase function is one of the major mechanisms

through which cancer cells escape from normal constraint of growth and proliferation. Overexpression of one of

the kinase families, i.e. Pim kinase family (Pim-1, Pim-2 and Pim-3), is implicated with tumorigenesis,

inflammatory states and chemo- and radio-resistance.

1,2

 This, only three-member family exhibits high homology

between its members and possesses a unique consensus hinge region sequence, ERPXPX.

3

 Moreover, the hinge

region keeps Pim kinases in a constitutively active form and therefore they do not require phosphorylation for

activation once transcribed.

4

 The main role of Pim kinases in cellular transformation, metabolic programming,

engineering immune cells to blunt their anti-cancer action, protecting cancer cells from apoptosis and rescuing

apoptotic cells by defending mitochondria makes these kinases as a prime target for cancer therapy. Furthermore,

gene knockout studies have demonstrated that Pim deficient mice are viable and fertile.

5

 Despite the unique

architecture of the ATP-binding site of Pim kinases, there is no currently available anti-Pim kinase drug on the

market.

In the last years many pharmaceutical companies have highlighted the significance of natural products to the

drug discovery process. Most nature-derived medicines today lead their outset from plants, fungi and bacteria.

Guaiazulene is an azulene derivative belonging to the bicyclic sesquiterpene class of natural products. There are

literature reports of anti-fungal, antibacterial, immunomodulatory and anti-cancer activity possessed by azulene

derivatives.

6

 Benzazulenes refer to a class of fused 5-6-7-member rings and they contain an azulene moiety

embedded in their tricyclic framework. Our previously designed and synthesized benzazulene derivatives exhibit

selective inhibitory activity against Pim family members. In vitro auto-phosphorylation of Pim-1 kinase is

diminished up to 90% at 10 µM concentration by our best inhibitor. These compounds efficiently impair

intracellular anti-apoptotic effect of Pim-1 and Pim-3 and moreover, they significantly slow down the migration

of cancer cells. Therefore, benzazulenes and their derivatives provide a novel group of small molecules that

exhibit a potent and selective inhibitory activity towards Pim family members.

7-10
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DISCOVERY OF THE CLINICAL CANDIDATE AZD1390: A HIGH

QUALITY, POTENT AND SELECTIVE INHIBITOR OF ATM KINASE

WITH THE ABILITY TO CROSS THE BLOOD BRAIN BARRIER

Bernard Barlaam (1), Kurt Pike (1), Nicola Colclough (1), Stephen Durant (1), Elaine Cadogan (1),

Martin Pass (1), Thomas Hunt (1), Andrew Eatherton (1), Kristin Goldberg (1), Ollie Steward (1), Willem

Nissink (1), Kan Chan (2), Yumei Yan (2), Li Zheng (2), Peter Johnström (3)
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Glioblastoma multiforme (GBM) is the most common and lethal form of primary brain tumor and current

treatment (surgery followed by fractionated radiotherapy and temozolomide) provides a median survival of just

12-15 months.

1,2

 The poor prognosis associated with GBM is attributed to an extensive infiltration into

surrounding brain tissue (thereby limiting the effectiveness of surgical excision), an intrinsic

chemo/radioresistance of the tumor and the presence of the blood-brain barrier (BBB) which limits the ability of

certain chemotherapies to reach the tumor. Ataxia telangiectasia mutant (ATM) is a serine/threonine protein

kinase from the phosphatidylinositol 3-kinase-related kinase (PIKK) family of protein kinases and plays a crucial

role in the cellular DNA damage response signalling activated by DNA double strand breaks (DSB). Activated

ATM promotes DNA repair and S/G1-cell cycle checkpoints to prevent premature mitosis, maintain genomic

integrity and promote appropriate cell survival or death pathways. DSBs arise intrinsically through the collapse

of stalled replication forks, which are induced by a wide range of chemotherapies, or extrinsically through

exposure to ionising radiation. Therefore, ATM inhibition represents an exciting clinical opportunity as a target

to hyper-sensitize tumors to chemo/radiotherapy.

The optimization of compound properties suitable to allow efficient BBB penetration remains a significant

challenge within Medicinal Chemistry and failure to consider these can severely restrict the utility of an agent for

CNS disease. Herein, we describe the identification of AZD1390, a first in class orally available and CNS

penetrant ATM inhibitor suitable for the treatment of intracranial malignancies. This presentation will focus on

the Medicinal Chemistry strategies employed to optimize BBB-penetration, alongside the SAR for ATM

potency, selectivity and pharmacokinetic properties. AZD1390 is an exceptionally potent inhibitor of ATM in

cells (IC

50

 = 0.78 nM) with >10,000 fold selectivity over closely related members of the PIKK family of

enzymes and excellent selectivity across a broad panel of kinases. AZD1390 displays excellent oral

bioavailability in preclinical species (66% in rat and 74% in dog), is not a substrate for human efflux transporters

and has been shown to efficiently cross the BBB in Non-Human Primate PET studies. Profound tumor

regressions and increased animal survival (>50 days) have been observed in orthotopic xenograft models of

brain cancer following just 2 or 4 days combination treatment of AZD1390 with radiotherapy, compared to

radiotherapy treatment alone. These data support the potential of CNS penetrant ATM inhibitors to provide an

important new therapeutic agent for the treatment of intracranial malignancies. AZD1390 is currently

undergoing early clinical assessment.
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DISCOVERY OF NOVEL CLASS OF ALPHA SELECTIVE PI3K

INHIBITORS

Marie-Gabrielle Braun

Genentech, 1 DNA Way, South San Francisco, CA 94080, USA

The phosphatidylinositol 3‑kinase (PI3K) signaling pathway plays a critical role in regulating tumor cell growth,

proliferation and survival. Hotspot mutations in PIK3CA, the gene that encodes for the p110-alpha catalytic

subunit of phosphatidylinositol-3-kinase, are highly prevalent in cancer and thus PI3K-alpha is a promising

target for the treatment of cancer. Herein we report the discovery of a novel and highly potent series of

PI3K-alpha inhibitors that are highly selective over the other Class I isoforms as well as the broader kinome. A

scaffold hopping approach, followed by a structure based design approach using PI3K alpha structures allowed

the identification of highly potent compounds, which nevertheless suffer from poor permeability and poor oral

bioavailability. These challenges were addressed through the use of modulation of physicochemical properties

and in-silico ADME property modelling. Increasing permeability while maintaining solubility culminated in the

identification of a compound which was suitable for in vivo efficacy studies.  This compound shows a dose

dependent tumor growth inhibition and effectively suppressed growth of tumors in a mouse xenograft model.

Overall, the high potency and selectivity make this series of great interest, as selective inhibitors have the

potential to allow for treatment of P13K-alpha-driven cancers with a greater therapeutic index.
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SMALL MOLECULE INHIBITORS OF IRAK4
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The innate immune response enables cells to quickly respond to inflammatory cytokines by mounting the initial

protective response through the activation and downstream function of the interleukin-1 receptor activated kinase

(IRAK) family. Small molecule kinase inhibitors of IRAK4 have long been sought to block this response in

autoinflammatory diseases such as lupus. In an effort to block disease progression, several scaffolds of IRAK4

small molecule inhibitors were explored using structure-based drug design. These efforts lead to our lead IRAK4

small molecule scaffold of potent and stable molecules. The discovery of this scaffold along with how it was

influenced by other scaffolds will be presented including structural understanding of the binding site and in vivo

PK and PD.

264



P267

A ROADMAP FOR PI3Kγ SELECTIVITY DESIGN: DISCOVERY OF

CNS-PENETRANT PI3Kγ INHIBITORS FOR THE POTENTIAL

TREATMENT OF MULTIPLE SCLEROSIS

Philip Collier, Jon Come, Alex Aronov

Vertex Pharmaceuticals Inc., 50 Northern Avenue, Boston, MA 02210, USA

The lipid kinase PI3Kγ has attracted attention as a potential target to treat a variety of autoimmune disorders

including Multiple Sclerosis (MS). Herein, we describe the evolution of a pan-PI3K inhibitor into a family of

potent and selective benzothiazole inhibitors and detail the structural determinants of PI3K intra-family

selectivity. We also outline the design strategy that provided CNS-penetrant inhibitors, without the efflux

liabilities associated with our earlier scaffolds. Further optimization led to the discovery of a compound which

demonstrated efficacy in a mouse model of MS, providing support for the further evaluation of

the PI3Kγ pathway for this indication. 
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IDENTIFICATION OF SELECTIVE NF-KB KINASE (NIK)

INHIBITORS
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The NF-κB pathway is a validated target that influence multiple human diseases, including many cancers.

NF-κB is a ubiquitously expressed family of transcription factors known to be constitutively activated in a

variety of malignancies, resulting in uncontrolled apoptosis, cell cycle deregulation and metastatic growth.

NF-κB-inducing kinase (NIK) is a central signalling component of the non-canonical pathway that integrates

signals from a subset of TNF receptor family members. NIK may provide a means to directly inhibit the

non-classical NF-κB pathway and thus potentially influence cancer proliferation.

The present poster describes the identification of new chemotypes by a blind screening conducted on the four

kinases, IKKβ, IKKα, IKKε and NIK. An aminopyrazole showed weakly but selective inhibition on IKKβ and

was the starting point of a hit-to-lead optimization study. More than 40 aminopyrazole derivatives were

synthesized and evaluated and led to the identification of selective and micromolar NIK inhibitors.
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DISCOVERY OF AZD0364, A POTENT AND SELECTIVE ORAL

INHIBITOR OF ERK1/2 THAT IS EFFICACIOUS IN BOTH

MONOTHERAPY AND COMBINATION THERAPY IN MODELS OF

NSCLC
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The RAS/MAPK pathway is a major driver in oncogenesis and is dysregulated in approximately 30% of human

cancers, primarily by mutations in BRAF or RAS genes. The extracellular-signal-regulated kinases (ERK1 and

ERK2) serve as key central nodes within this pathway. The feasibility of targeting the RAS/MAPK pathway has

been demonstrated by the initial clinical responses observed to BRAF and MEK inhibitors in BRAF V600E/K

metastatic melanoma, however resistance frequently develops by reactivation of the pathway. Direct targeting of

ERK1/2, may provide another therapeutic option in tumours with mutations in BRAF or RAS genes.

Importantly, ERK1/2 inhibition may have clinical utility in overcoming acquired resistance to RAF and MEK

inhibitors where RAS/MAPK pathway reactivation has occurred, such as relapsed BRAF V600E/K melanoma.

 

Building on our published work,

1

 we will describe a scaffold hopping approach leading to the identification of

AZD0364, a pre-clinical ERK1/2 inhibitor candidate drug.  Driven by conformational modelling and

structure-based design, and by utilising novel sulfamidate ring opening chemistry, a high lipophilicity efficiency

core was identified.  Structure based, multi-parameter based optimisation of this improved core ultimately led to

AZD0364.  AZD0364 exhibits high cellular potency against a direct downstream substrate on the MAPK

pathway (e.g. inhibition of phospho-p90RSK1 in BRAFV600E mutant A375 cells, IC

50 

= 6 nM). The molecule

is a highly selective kinase inhibitor (10/329 kinases tested are inhibited at >50% at a 1 µM) and has long

residence time on the protein (as determined by SPR on human unphosphorylated-ERK2: pK
d

 = 10; t

1/2 

= 277

mins).  The good in vitro potency and selectivity is complemented by excellent physico-chemical properties and

good oral pharmacokinetics across species, leading to a low predicted dose to man.

 

In xenograft models, AZD0364 inhibits phospho-p90RSK1 in tumours in a dose-dependent manner. AZD0364

induces regressions in the KRAS mutant NSCLC Calu 6 xenograft model. AZD0364 can also be combined

safely and effectively with the MEK1/2 inhibitor selumetinib in KRAS mutant NSCLC xenograft models.
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DISCOVERY OF POTENT AND SELECTIVE COVALENT ITK

INHIBITORS
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Interleukin-2 inducible T-cell kinase (Itk) is thought to play a key role in T-cell and NK cell signaling. Itk

inhibitors may have utility in disorders such as inflammation and cancer. Itk features a cysteine in the ATP

binding pocket that allows for a targeted covalent approach. Our aim is to develop potent and selective Itk

inhibitors, utilizing the covalent binding technology.

We identified potent lead compounds with moderate to good selectivity over all kinases with a cysteine in the

same position as Itk. These leads significantly reduced anti-CD3-induced IL2-secretion in an in vivo PD mouse

model following 10 mg/kg intravenous administration.

Further optimization cycles resulted in a covalent Itk inhibitor with low nanomolar potency and an excellent

kinase selectivity profile.
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PLASMODIUM PI4K. THE DISCOVERY AND DEVELOPMENT OF

KINASE INHIBITORS AS ANTIMALARIAL DRUGS

James Duffy

Medicines for Malaria Venture (MMV), Route de Pré-Bois 20, 1215 Geneva, Switzerland

Despite substantial scientific progress since the start of the 21st century, new, affordable and safe malaria

medicines are urgently required to overcome increasing resistance against artemisinin based combination

treatments, treat vulnerable populations, interrupt the parasite life cycle by blocking transmission to the vectors,

prevent infection and target malaria species that transiently remain dormant in the liver.(1)

The Plasmodium lipid kinase, phosphatidylinositol 4-kinase type III beta (PI4K), has been validated with in vitro

and in vivo models as an antimalarial drug target (2),(3). Plasmodium PI4K is a ubiquitous eukaryotic enzyme

that phosphorylates lipids to regulate intracellular signaling and trafficking. Inhibitors of Plasmodium PI4K have

activity against all stages of the Plasmodium life-cycle, except liver-stage hypnozoites and can achieve high

selectivity over their mammalian orthologues.(4)

The most advanced PfPI4K inhibitor, MMV048, is currently in clinical development. Furthermore, in

partnership with Medicines for Malaria Venture (MMV) research groups from University of Cape Town (South

Africa) and the University of Campinas (Brazil) have identified potential back up series. This presentation will

summarize the current state of the field and highlight the best opportunities for the development of the next

generation of PfPI4K inhibitors with potential for clinical development.

References

1) Wells, T. N. C., van Huijsduijnen, R. H. & Van Voorhis, W. C. Malaria medicines: a glass half full? Nat. Rev. Drug

Discov. 14, 424–442 (2015).

2) McNamara CW, Lee MC, Lim CS, Lim SH, Roland J, Nagle A, et al. Targeting Plasmodium PI(4)K to eliminate malaria.

Nature. 504, 248–253 (2013).

3) Paquet T, Le Manach C, Cabrera DG, Younis Y, Henrich PP, Abraham TS, et al. Antimalarial efficacy of MMV390048,

an inhibitor of Plasmodium phosphatidylinositol 4-kinase. Sci Transl Med. 9:eaad9735 (2017).

4) Doerig C. Protein kinases as targets for anti-parasitic chemotherapy. BBA-Proteins Proteomics. 1697, 155–68 (2004).

P273

DEVELOPMENT OF HIGHLY POTENT AND SELECTIVE

PREVENTION OF ACTIVATION (POA) MK2 INHIBITORS

Emma Evertsson, Mickael Mogemark, Helena Käck, Monica Norberg, Magnus Munck af Rosenschöld,

Sara Lever, Peter Bold, Katerina Pardali, Ulf Hedström, Andy Davis

Respiratory, Inflammation & Autoimmunity, IMED Biotech Unit, AstraZeneca, Gothenburg, Sweden,
Emma.Evertsson@astrazeneca.com

Mitogen activated protein kinases such as p38 MAPK (p38) and MAPK-activated kinase-2(MK2) are attractive

targets for inflammatory diseases such as rheumatoid arthritis (RA), Crohn's disease, inflammatory bowel

syndrome (IBS) and chronic obstructive pulmonary disease (COPD).

P38α plays a dual role in the inflammation cascade, due to activation of MK2 and MSK1. Inhibition of p38α

should not only decrease the pro-inflammatory mediator TNFa which signals through MK2, but also the

anti-inflammatory mediator IL-10, through inhibition of the MSK1 pathway. Inhibiting MK2 on the other hand,

should block only the production of TNFa, whilst sparing the anti-inflammatory mediator IL-10.

In our MK2 program we conducted a high throughput screening, where we identified two series of compounds,

which inhibited the phosphorylation of non-activated MK2 by p38α via a prevention of activation (PoA)

mechanism. It was evident from X-ray structures, that the compounds bound to the ATP binding pocket of p38α,

but they had a higher affinity to the heterodimeric complex of  p38α-MK2 compared to p38α alone. The two

novel lead series were developed using structural chemistry and rational design to achieve compounds with

excellent potency, good physicochemical properties and kinase selectivity.
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TARGETING GLUCOSE METABOLISM FOR CANCER TREATMENT:

A STRUCTURE-BASED VIRTUAL SCREENING TOWARD
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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 involved in the first and most

determinant step of the process, catalysing the phosphorylation of glucose to glucose-6-phosphate, also involved

in the pentose phosphate pathway

2,3

. Therefore, the inhibition of the HK2 catalytic centre (Figure 1) is proposed

as a strategy to reduce the main source of energy to cancer cells, thus substantially decreasing cancer cell

proliferation. As an effort to find hit compounds able to interfere with the HK2 catalytic centre and thereby block

its activity, 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), Chemoteca (~800

molecules) and some specific natural products databases such as Inter Bio Screen Natural Products (~84 000

molecules), Human Metabolome Database Food (~40 000 molecules) and Enzyme Function Initiative -

Phosphate sugars (~100 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 several hit

compounds with the potential to act as new HK2 inhibitors that may progress to biological evaluation.

Figure 1 -Representation of the HK2 catalytic centre (C-terminus – dark blue) in interaction with a glucose

molecule (yellow) (PDB code: 2NZT).
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FLT3 tyrosine kinase is a potential drug target in acute myeloid leukemia (AML) because patients with

FLT3-ITD mutations respond poorly to standard cytotoxic agents and there is a clear link between the disease

and the oncogenic properties of FLT3. We prepared novel purine derivatives with potent FLT3 inhibitory

activity. Molecular docking to FLT3 suggests a type I binding mode and explains the structural determinants of

its potency. The lead compound displays nanomolar activity in biochemical assays and selectively blocks

proliferation of AML cell lines harboring FLT3-ITD mutations, whereas other transformed and normal human

cells are several orders of magnitude less sensitive. The treated MV4-11 cells suppressed the phosphorylation of

FLT3 and its downstream signaling pathways, with subsequent G1 cell cycle arrest and apoptosis. Additionally,

a single dose of the lead compound in mice with subcutaneous MV4-11 xenografts caused sustained inhibition of

FLT3 and STAT5 phosphorylation over 48 hours, in contrast to the shorter effect observed after administration

of the reference FLT3 inhibitor quizartinib. Experiments with subcutaneously implanted MV4-11 xenografts

confirmed that a single dose of the tested compound induced sustained inhibition of FLT3 in vivo. In conclusion,

we suggest this series to be followed for development of potent and specific FLT3 inhibitors for use as drug

candidates for treating AML.    

The work has been supported by the Ministry of Health of the Czech Republic (15-28951A).
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A recent publication describes the screening of a set of diverse drug-like kinase inhibitors.[1]  Several novel

DYRK1 inhibitor templates have been identified from this set.  Hit-validation and small-scale expansion of a

number of these templates has led to the synthesis of nanomolar inhibitors of DYRK1.  The open source

Knime® Analytics Platform is being used to mine ChEMBL in order to predict off-target activity and guide

inhibitor design.  Whilst some of the inhibitors are reported to exhibit off-target activity against other CMGC

(including cyclin-dependent kinases (CDKs), mitogen-activated protein kinases (MAP kinases), glycogen

synthase kinases (GSK) and CDK-like kinases) kinases, the aforementioned chemoinformatics and ligand-based

approach has successfully removed these liabilities.[2]  In combination with iterative high resolution X-ray

crystallography we are successfully furnishing more selective inhibitors of DYRK1. 

DYRK1 is over-expressed in the central nervous system (CNS) of individuals with Trisomy 21 (Down’s

Syndrome) and has been linked with early-onset Alzheimer’s disease observed in the Down’s Syndrome

population.  The drug-like properties of classical kinase inhibitors are inconsistent with those of marketed CNS

drugs and until recently there were no reports of CNS kinase inhibitors [3].  Knime® is being utilised to increase

the chances of target engagement in vivo through the use of workflows that predict properties such as central

nervous system multiparameter optimization (CNS MPO) score and overall drug likeness amongst others.  Using

this method we hope to furnish a selective, CNS penetrant tool from which further inhibitors can be derived.
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The pseudokinase Notch Activation Complex Kinase (NACK) was recently identified as a key player in

Notch-mediated tumorigenesis by Capobianco et al1, fashioning NACK an attractive novel target for the

treatment of esophageal adenocarcinoma. However, there is no co-crystal protein ligand structure in the Protein

Data Bank, and no reported biological data or known endogenous ligand, positioning NACK drug discovery

difficult from traditional approaches. To identify a hit compound for NACK inhibition, machine learning

classifiers for nineteen similar kinases were established, and over 6 million commercially available compounds

were screened against these classifiers. Nearly 8000 compounds were prioritized based on the predicted

probability of being active. A structure model of the NACK kinase domain was generated through homology

modeling and further optimized with molecular dynamics (MD) simulations, followed by virtual screening of

pre-prioritized compounds. Top-scoring compounds were purchased and screened in biochemical and

cell-based assays. Commercially available compound Z271-0326 (iNACK) displayed the best inhibitory activity

and was further validated in several xenograft mouse models. Recently, a robust novel chemical synthesis for

iNACK was accomplished in six steps with an overall yield of 26%. A preliminary library of 20 analogues was

synthesized and assayed, where analogue UM_004 displayed enhanced bioactivity and binding affinity over

iNACK. Currently, we continue to optimize iNACK into the first NACK molecular probe, with the ultimate goal

of creating an advanced pre-clinical lead compound. This is accomplished by improving the NACK kinase

domain structure model via extended molecular dynamics studies with known active and inactive compounds to

better understand binding interactions and increase model stability to inform our rational chemical library

design. Additionally, we are employing computationally-driven structure-activity relationship (SAR) studies to

improve inhibitory activity, as well as using interactive optimization platforms to increase affinity and favorable

ADMET.
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We have synthesized a new series of quinoline-sulfadoxine hybrids, planned by molecular hybridization between

the quinoline ring and the benzenesulfonamide moiety present in chloroquine and sulfadoxine. Compound I

exhibited selectivity index (SI) values (1102.2) and IC

50

 (0.09 mM) higher than chloroquine (834.74; 0.46 mM).

When evaluated against P. berghei malaria, it was inhibited the parasitemia by 49% on day 5 after inoculation,

contributing to the discovery of new prototype.

1

In order to obtain new compounds with anti-P. falciparum activity, we used the compound I to design the new 1

H-pyrazolo[3,4-d]pyrimidine-sulfonamide derivatives (1-9). The quinoline ring was replaced by the system 1H
-pyrazolo[3,4-d]pyrimidine by ring isosterism. An N-(4-aminobutyl)benzenesulfonamide moiety was attached at

the 4-position of the 1H-pyrazolo[3,4-d]pyrimidine ring (Figure 1).

The compounds 11a-c could be prepared from the reaction of suitable 5-amino-pyrazoles (10a-c) and formic

acid.

2

 The derivatives 11a-c were refluxed with POCl

3

 to produce 12a-c. The compounds 13a-c were

synthesized by the nucleophilic substitution reaction between 12a-c and butane-1,4-diamine. The reaction

1

between 13a-c and the appropriate sulfonyl chloride produced the target compounds 1-9 (Figure 2). 

[image]

Among the 1-phenyl-1H-pyrazolo[3,4-d]pyrimidines 1-9 synthesized none of these were toxic to BGM cells.

The compound 3 (R

1

 = F / R

2

 = CH

3

) presented SI value 62.90 and IC

50

 = 5.13 µM lower than the sulfadoxine

drug control (SI = 20.70; IC

50

 = 15.00 µM), in the anti-HRPII assay. The chloroquine and the prototype I is still

more potent than 1-9 derivatives. The pyrazolo[3,4-d]pyrimidine is promising for further studies of antimalarial.

The authors thank the CNPq, CAPES and FAPERJ for financial support.
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Inhibition of protein kinases is a validated concept of pharmacological intervention in cancers. We have

synthesized a collection of 23 novel 2,6,9-trisubstituted purine derivatives with nanomolar inhibitory activities

against receptor tyrosine kinase PDGFRA. The compounds demonstrated strong and selective cytotoxicity in

human eosinophilic leukemia cell line EOL-1, whereas several other cancer cell lines were noticeably less

sensitive. EOL-1 cell line expresses FIP1L1‐PDGFRA fusion oncogenic kinase and we found that the

cytotoxicity of compounds in this cell line correlates significantly with PDGFRA inhibition. We further studied

cellular effects in EOL-1 by immunoblotting and flow cytometry. Dose-dependent inhibition of PDGFRA

autophosphorylation and suppression of its downstream signaling pathways in treated EOL-1 cells confirmed the

cellular mechanism of action. The results suggest that trisubstituted purines can serve as a source of tyrosine

kinase inhibitors with specific activity towards eosinophilic leukemia and other cancers expressing constitutively

activated PDGFRA mutants.
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The pivotal role of CHK1 (Checkpoint Kinase 1) in maintaining genomic stability offers attractive opportunity

for increasing the selectivity, effectivity and reduced toxicity of chemotherapy. The attractiveness of targeting

CHK1 is illustrated by the number of pre clinically and clinically profiled inhibitors, typically progressed in

combination with standardly used antimetabolites.

1 

Herein, we report enantioselective synthesis and profiling of 

MU380, a non-trivial analog of clinically profiled compound SCH900776 possessing the highly unusual N
-trifluoromethylpyrazole motif, which was envisioned not to undergo metabolic oxidative dealkylation and

thereby provide greater robustness to the compound.

2

 

MU380 is a selective and potent inhibitor of CHK1 which significantly sensitizes a variety of tumor cell lines to

hydroxyurea or gemcitabine, shows extended inhibitory effects in the cell, and, unlike SCH900776, does not

undergo in vivo N-dealkylation to the significantly less selective metabolite MU379. Compared to SCH900776, 

MU380 in combination with gemcitabine is more efficacious in the A2780 xenograft mouse model.

2

Funding: CZOPENSCREEN: National Infrastructure for Chemical Biology (LM2015063) and European Union -
project ICRC-ERA-HumanBridge (316345).
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Glycogen synthase kinase 3β (GSK-3β) is a constitutively active serine/threonine protein kinase mediating

phosphorylation of several specific substrates.

1

GSK-3β is highly expressed in the central nervous system and is involved in the regulation of many signalling

pathways and cellular processes, such as cell cycle, inflammation, and cellular proliferation.

Importantly, aberrant GSK-3β activity has been linked to several disease conditions. Specifically, there is

growing evidence on the role of GSK-3β in the pathophysiology of mood disorders with special regard to bipolar

disease and depression.

2

On this basis, Angelini proprietary compound libraries were virtually screened in a 3D model of GSK-3β

enzyme to identify novel inhibitors as potentialmood stabilizers. In silico hits were then confirmed by human

GSK-3β biochemical assay, leading to a new class of 1H-indazole-3-carboxamide inhibitors active in low

micromolar range.

3

 Subsequent structure-based optimization efforts afforded a promising lead compound, which

showed a remarkably enhanced GSK-3β inhibitory potency (IC

50

 = 18 nM), interesting selective activity against

a focused kinase panel and a clean in vitro cytotoxic profile. It also presented encouraging plasma and brain

exposure levels in mouse PK studies, as well as in vivo efficacy in mouse models of depression.

4

Therefore, the identified lead was selected for further in vitro/in vivo pharmacological evaluation, to elucidate

the potential of GSK-3β inhibitors in the development of new treatments for mood disorders.
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RAS oncogenes have been implicated in >30% of human cancers, all representing high unmet medical need. The

exquisite dependency of CRAF kinase in RAS mutant tumors has been established in genetically engineered

mouse models and human tumor cells. To date, many small molecule approaches are under investigation to

target CRAF, yet kinase-selective and cellular potent inhibitors remain challenging to identify. Herein, we

present the discovery of LXH254, a selective B/C RAF inhibitor, which was developed through a

hypothesis-driven approach focusing on drug-like properties. We heavily utilized structure-based design

approach to improve potency.  Applying number of medicinal chemistry principles, we further optimized

compounds towards cellular potency, selectivity, efficacy and therapeutic index that led to the discovery of

LXH254.  It proved to be efficacious in multiple animal xenograft models, including N/KRAS, RAF mutant

models with excellent tolerability and favorable projected PK parameters, suitable for QD/BID administration in

humans. 
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Kinases are attractive drug targets due to their key role in various cellular activities including proliferation,

survival, apoptosis, metabolism and differentiation.

[1] 

Commonly small molecule inhibitors compete directly

with ATP and form vital H-bond interactions with the kinase hinge region. In Phosphoinositide 3-kinase (PI3K)

inhibitors this interaction is often made via an aryl- morpholine hinge binding moiety (1). Co-planarity between

these two rings is a requirement for activity and thus ring systems which adopt orthogonal conformations such as

aryl- tetrahydropyran (2) are ineffective as morpholine isosteres,

[2]

 whereas unsaturated systems (3) are often

considered undesirable.

We have identified 3-oxabicyclo[4.1.0]heptane (4) as the first example of a saturated carbon linked hinge

binding moiety for the PI3K family of kinases. Cyclopropyl carbon-carbon bonds are known to form stabilising

interactions with adjacent π-systems.

[3]

 DFT conformational studies suggested low energy co-planar

conformations for aryl- 3-oxabicyclo[4.1.0]heptane systems and we have subsequently synthesised a series of

tool compounds to aid investigation into the application and limitation of this potential morpholine isostere.

Figure 1: 2-pyridyl tool compound Small molecule XRC structures to investigate the conformational preference
of various hinge binding fragments.

We have utilised; predictive DFT calculations, X-ray crystallography (figure 1), NMR studies and biological

evaluation of these tool compounds to comprehensively investigate the conformational preference of

3-oxabicyclo[4.1.0]heptane when attached to a range of 6-membered heterocyclic rings. We will report our

findings which suggest a subtle stereoelectronic balance to conformation with a significant impact for

applicability of 3-oxabicyclo[4.1.0]heptane as a general morpholine isostere.
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The [60]fullerene molecule (C

60

) and its derivatives are attractive constructs for biomedical  applications.

Glycoconjugated C

60

 derivatives are of particular interest as potential cancer targeting agents due to an

upregulated metabolic glucose demand, especially in the case of pancreatic adenocarcinoma and its dense

stroma, which is known to be driven by a subset of pancreatic stellate cells (PSCs). Herein we describe the

synthesis and characterization of two D-glucosamine derivatives of [60]fullerene and their biological properties.

The [60]fullerenes are inherently non-toxic up to concentrations of 10 mg/ml and are  photoactive when

illuminated with blue and green LED light, allowing its use as a photodynamic therapy agent.

It was observed that all fullerenes form two aggregate fraction 20-30 nm and 400-500 nm. Initial dark

cytotoxicity studies on pancreatic cell lines PSCs and PANC-1 have been carried out using flow cytometry and

propidium iodide (PI) apoptosis staining. It has been shown that all two glycofullerenes are non-toxic even in

high concentrations (up to 10 mg/ml, incubation 3 and 24 hours). Moreover, synthesized  [60]fullerene

derivatives localizes preferentially in the nucleus of PSC cells, with some localization in the cell cytoplasm.

Additionally, designed nanotherapeutics were tested for SRC kinase inhibition. Conducted experiments have

shown that synthesized [60]fullerene derivatives selectively inhibited two kinases FYN A and LCK.

Figure 1 The structures of glycofullerene 1 and 2.

[image]
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In recent years, AXL kinase has emerged as a key facilitator of immune escape and drug-resistance by

eliminating intercellular antibodies and regulating the secretion, and release of cytokines. The AXL protein was

latter classified as a RTK belonging to the TAM (TYRO3, AXL, and MER) subfamily. AXL has been

implicated as a cancer driver and correlated with poor survival in numerous aggressive tumors including TNBC,

AML, NSCLC, pancreatic cancer, and ovarian cancer. Therefore, AXL has recently been proposed as an

attractive target for cancer therapeutics and a number of small molecule inhibitors have been developed.

The purpose of this study is to develop the potent inhibitors against AXL kinase. In this work, a novel series of

aminopyrimidinylisoindoline derivatives having an aminopyrimidine scaffold as a hinge region binding motif

were designed and synthesized. Among them, six compounds showed potent inhibitory activities against AXL

with IC

50

 values of sub-micromolar range. Especially, KIST 215121 possessing acetylpiperazinylphenylamino

moiety exhibited extremely excellent efficacy (IC

50

 = < 0.000508 μM). Their in vitro antiproliferative activities

were tested over five cancer cell lines. Most compounds showed good antiproliferative activities against HaLa

cell. The kinase panel profiling of 50 different kinases for the representative compound KIST 215121 and the

determination of IC

50

 values against selected protein kinases were carried out. KIST 215121 exhibited excellent

inhibitory activity with IC

50

 values of 0.0502 μM (TYRO3), < 0.000508 μM (AXL), and 0.0257 μM (MER),

respectively, against TAM subfamily. It can be used as a promising lead for the development of potent AXL

kinase inhibitors.
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Nowadays several techniques are routinely used to model and predict in silico drug target affinity and selectivity

indexes during lead optimization. On the contrary, the prediction of the duration of drug efficacy in vivo is still

elusive. This complex property depends on the rate of receptor-ligand association (on-rate, k

on

) and, most

critically, on the dissociation rate constant (off-rate, k

off

), which in turn can be translated into a dissociative

half-life (t

1/2

) for receptor-ligand complex as a direct measure of residence time [1]. Considering that the

duration of drug efficacy in vivo is a key parameter to be optimized during lead optimization, the availability of

robust computational approaches able to qualitatively predict or rank derivatives according to their residence

time at a target would accelerate candidate selection. At the same time the availability of robust experimental

methods would allow quantitation of these properties. Herein we present a computational protocol, based on

metadynamics, suitable to predict unbinding kinetics of kinase ligands [2]. Besides, we will provide highlights

regarding a non-radioactive method to detect the binding kinetics of kinase reference inhibitors [3].
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Protein kinases are essential regulators of cellular signalling and have been at the centre stage of drug discovery

for the past decade. The successful development of kinase inhibitors demonstrated that kinases were drugable

and triggered tremendous research effort in this area. However, inhibitors developed so far often target the

conserved ATP binding site of the protein and thus are lacking selectivity

1

, and the more selective ones are

targeting an inactive form of the protein. These features limit their use as chemical probes to sense kinase

activity. Herein we report a strategy based on two reacting probes

2

 targeting both nucleotide and substrate

binding sites

3

. The reaction used

4

 allows to use fluorescence readout to selectively sense Abl of Src kinase

activity both in biochemical and fixed whole cell experiments.
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The proteasome is a main protease in the ubiquitin-proteasome pathway responsible for degradation of majority

of intracellular proteins, such as damaged, mutated, oxidized and short-lived regulatory proteins. Dysfunction of

the proteasome is involved in development of diverse diseases including cancer, autoimmune, neurodegenerative

and rheumatoid disorders. These pathological states can be a result of uncontrolled degradation of functional

proteins or inhibition of degradation of the damaged proteins [1]. Tens of the proteasome inhibitors have been

developed so far. Three of them are already approved for clinical use in the treatment of hematologic

malignancies. In the contrast to proteasome inhibitors only few activators have been reported to date [2-3].

Proline and arginine rich peptides (PR) are established inhibitors of 20S proteasome that require a set of

positively charged N-terminal residues for their activity [4]. However, the role of other parts of PR peptides is

not clear. We tested the significance of a proline rich internal segment and the C-terminal sequence of PRs. We

found that extending PR sequence at the C-terminus with bulky tryptophan or phenylalanine residues

substantially improved inhibitory capacity of PRs with activated 20S proteasome, while peptides with a HbYX

motif (HbYX = hydrophobic, tyrosine, any residue) stimulated activity of the proteasome in a dose dependent

manner. HbYX peptide was also capable to activate proteasome in cultured fibroblasts. Besides, we observed by

means of atomic force microscopy that PR peptides influenced conformational dynamics of the proteasome and

affected the opening of a gate leading to the catalytic chamber. These observations indicate that compounds

designed based on PR peptide can be used as potential inhibitors or activators.
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The muscarinic M

1

 acetylcholine receptor (M

1

 AChR) has been recognized as a promising target for the

treatment of the cognitive symptoms observed in patients with Alzheimer’s disease and schizophrenia. However,

the design of selective orthosteric ligands of the M

1

 AChR has proven to be extremely challenging due to the

highly conserved orthosteric site of all the muscarinic receptor subtypes (M

1

-M

5

). Consequently, the concept of

targeting the less conserved allosteric region of the muscarinic receptors has gained more attention. Previously

our group has disclosed three novel families of M

1

 mAChR PAMs that are based on an arylpyrimidinone,

1

4-phenylpyridin-2-one and 6-phenylpyrimidin-4-one scaffold,

2,3

 respectively.

Herein, we report an extensive structure-activity relationship study of our previously established lead compounds

looking at modification to the top, core and pendant part of the scaffold (Figure 1, left). We developed a unique

pharmacological method allowing a higher throughput characterisation by comparing cooperativity with ACh

and intrinsic agonism plotting the delta pEC

50

 versus the delta baseline of the novel synthesized analogues

(Figure 1, right).

 4 

Furthermore, we have tested selected compounds for biased agonism,

3

 in pharmacokinetic and

toxicology studies as well as in mouse primary culture neurons, a more physiologically relevant systems.
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Cardiovascular disease is a severe health problem, especially in the Western world, and its primary cause is

atherosclerosis, which is characterized by the arterial wall thickening. Modern therapeutic strategies have

restricted efficacy and mortality still remains high

[1]

. Current research has supported the idea of targeting

disregulated endothelial cell (EC) metabolism as a novel therapeutic strategy

[2]

. In the scope of MSCA Moglynet

EJD, we aim to further explore the possibilities for an improved treatment of this life threatening disease.

EC glycolytic flux is up-regulated during angiogenesis and it is controlled by

6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase (PFKFB3)

[3]

, which is hence an innovative target for

atherosclerosis therapy. PFKFB3 is a homodimeric bifunctional enzyme that has a very high kinase to

phosphatase activity ratio. Its activity is controlled by the N-terminus autoregulatory domain in the kinase region

[4]

.

Virtual screening was performed on the targeted allosteric binding site and here we present the synthesis and

biological evaluation of the selected libraries of PFKFB3 phosphatase modulators deriving from two design

strategies. In vitro activity and binding assays were performed on the isolated recombinant enzyme. Phosphatase

activity method was developed in-house using LC-MS instrument and binding assay was performed using

Microscale thermophoresis.
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Nuclear Receptors (NRs) are a large family of transcription factors in the human body, controlling several

essential functions of the cell such as metabolism, development and reproduction. The retinoic acid

receptor-related orphan receptor (ROR) is a subclass of these NRs which demonstrates high therapeutic

potential, in particular the RORγt isoform. RORγt is expressed in lymphoid organs such as the thymus, where

active RORγt is required for the differentiation and proliferation of T helper 17 (Th17) cells.

1,2 

The inappropriate

activation of Th17 cells has been linked to the pathology of numerous autoimmune disorders. The inhibition of

RORγt by use of small molecules could therefore represent a promising strategy for the treatment of

autoimmune diseases.

3

   

Most of the reported modulators target the orthosteric binding site in the ligand binding domain (LBD) of

RORγt. However, recently a novel type of ligand (MRL-871) was explored, acting as an inverse agonist. As

observed in the co-crystal structure, this compound occupies an alternative, previously undisclosed binding site

in the LBD of RORγt, called allosteric site.

4

 Binding to this site results in repositioning of Helix 12 towards a

less stable state, preventing the binding of co-activators and therefore leading to inhibition, similar to orthosteric

inhibition. This allosteric modulation could be advantageous over orthosteric modulation in terms of selectivity

issues and mutation-induced resistance.

Following this, we have further explored the allosteric binding pocket of RORγt. We present the design and

synthesis of novel allosteric ligands with pharmaceutical potential, the possibility of an interplay between the

orthosteric and allosteric site, the physiological effect of allosteric inverse agonists in cells, and the design of

covalent orthosteric ligands that could be used to permanently block the orthosteric site.
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Protein kinase C (PKC) isoforms regulate numerous cellular functions, making them highly attractive drug

targets.

(1)

 Utilizing the crystal structure of the PKCδ C1B domain,

(2)

 we have developed hydrophobic isophthalic

acid derivatives which allosterically modulate PKC activity by targeting the C1 domain of the enzyme.

(3, 4)

 In

the present study,

(5)

 we aimed to improve the drug-like properties of the isophthalic acid derivatives by

increasing their solubility and enhancing the binding affinity. We synthesized a series of multisubstituted

pyrimidines as analogs of C1 domain–targeted isophthalates and characterized their binding affinities to the PKC

α isoform. In contrast to our computational predictions, the scaffold hopping from phenyl to pyrimidine core

diminished the binding affinity. However, the present results provide useful structure-activity relationship data

for further development of ligands targeted to the C1 domain of PKC.
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So far, known small molecule inhibitors of epigenetic proteins lack selectivity in affecting only tumour cells,

often resulting in acute damage to healthy and rapidly cycling cells. The specific targeting of tumor cells should

increase therapeutic effectiveness and decrease toxic side effects during treatment. A showcase model for the use

of bacterial Nitroreductase (NTR) in enzyme-prodrug systems for epigenetic targets, the lysine-specific

demethylase 1 (LSD1 or KDM1A) was selected.

To achieve target-specificity, pharmacologically inactive and nontoxic forms of known LSD1 inhibitors with a

nitro-aromatic system, so-called bioreductive prodrugs, are designed, synthesized and tested against LSD1

activity in-vitro and on cultured AML THP1 cells. The LSD1 inhibitors are protected by a carbamate linked to

the nitro-aryl bioreductive system which is reduced by the NTR, leading to subsequent release of the active drug.

We identified promising prodrug/drug pairs by measuring the expression of CD86 surface marker and by

performing colony-forming unit assays with THP1 cells.

1

 Several prodrugs are converted into the active parent

drug by the NTR, which is solely expressed in transduced tumour cells. Depending on the nitro-aryl system,

different activation patterns can be observed both in vitro and in vivo. By applying different targeting techniques

such as antibody-directed enzyme-prodrug therapy (ADEPT) and gene-directed enzyme-prodrug therapy

(GDEPT),

2

 these prodrugs provide a direction for more selective anti-cancer drugs.
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We report on a new series of structurally optimized (pyrrolo-pyridin-5-yl)benzamide derivatives, developed as

potential drug and radioligand candidates for the treatment and diagnosis of Parkinson's Disease (PD) and other

neurodegenerative diseases such as Alzheimer's Disease (AD). Recently, we reported on remarkably potent, 

selective MAO-B and dually active MAO-A/B inhibitors, acting through a different mechanism of action than

the standard treatment with levodopa [1,2]. As a consequence, we performed further exploration within

compounds with a privileged indazole template [3]. The most potent derivatives were compounds that belong to

the best-balanced and best-in-class MAO-B inhibitors reported to date.

The new series of benzamide derivatives are not only highly potent and reversible MAO-B inhibitors, but also

brain penetrant neuroprotectants. Compounds NTZ-2020 and NTZ-2027 can be highlighted because of their

remarkable in vitro MAO-B inhibitory activity and selectivity - combined with a well-balanced physicochemical

profile and BBB penetration ability. The reversible MAO-B inhibitor NTZ-2020 exhibits a neuroprotective

effect on cortical neuron survival and induces neurite network outgrowth. These effects are associated with a

good BBB penetration of NTZ-2020 that was confirmed in a triple cell neurovascular unit model co-culturing

with cortical neurons, primary human brain microvascular endothelial cells (HBMEC), and astrocytes. Thus, due

to their excellent pharmacological profile combined with acceptable physicochemical and drug-like properties,

compounds NTZ-2020 and NTZ-2027 are considered for advanced optimization and study in relevant AD and

PD models.

To rationalize the SAR detected and investigate further exploration steps, we analysed the binding mode of

selected benzamide derivatives within the binding pocket of the human MAO-B enzyme using the novel

SeeSAR [4]; basic concepts behind the estimations and visualizations will be reported in this contribution.
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Noscapine is a naturally-occuring phthalideisoquinoline alkaloid derived from the opium poppy, Papaver
somniferum. Since the discovery of its antitussive properties in the 1950s, noscapine has been widely used as a

cough suppressant. Four decades later, the anti-mitotic activity of noscapine was identified, unlocking the

potential of noscapine and its analogues as chemotherapeutic agents. Noscapine is orally bioavailable and is

effective against cancer, with no visible toxicities in vital organs of tumour-implanted mice.

1

 In addition, with

the gradual resistance development against current clinically available anti-mitotic agents, the low susceptibility

of noscapinoids against overexpression of drug-efflux pumps is of significant importance.

2

 Despite its weak

cytotoxic activity, several semi-synthetic noscapine derivatives have shown a vast improvement against various

cancer cell lines, indicating the potential of noscapine to be developed for clinical use.

2,3

The predominant focus of our research is on the dioxolane moiety, an unexplored region of noscapine. We

probed the region through ring expansion and introduction of hydrophobic aryl groups at the 1′-position. It has

previously been elucidated that the “southern” isobenzofuranone ring is not crucial for activity.

4

 Our synthetic

efforts led to the a series of noscapine-inspired 5-substituted tetrahydroisoquinoline (THIQ) with

methoxy-substituted phenyl and benzyl groups in place of isobenzofuranone. In continuation of previous work

conducted by Debono et al., we have also further explored substitution at the N6′-position.

3

 Through subsequent

pharmacology evaluation in cytotoxicity assays, we have discovered noscapinoids with significant improvement

in potency against human breast and pancreatic cell lines, in comparison to noscapine.
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CANDIDA AURIS.
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Candida auris is a diploid yeast and human fungal pathogen first documented in 2009, in Japan.

1 

This emergent

species, though new, poses a great risk to human health owing to its extensive drug-resistance profile, and high

mortality rates (~30-60%).

2-3

Previous work by our group has identified acetohydroxyacid synthase (AHAS), an enzyme responsible for de
novosynthesis of branched-chain amino acids (BCAA's) and currently used as a target for many commercial

herbicides, as a viable target for anti-fungal drug development.

4-5 

Here we have shown that commercially

available herbicides in the sulfonylurea and triazolopyrimidine family can act as potent inhibitors of a

drug-susceptible and drug-resistant strain of C. auris, with MIC

50

's as low as 97 nM.
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The world is moving into a new era at a very fast pace, with disruptive technologies rapidly changing everything

we do, from how we communicate with each other to how we shop, travel or drive. The pharmaceutical industry

is not an exception to these changes, and we already anticipate how the way we do research and develop drugs

can benefit from newly developed technologies.

Digitalization is one of the driving forces to these new processes, and in spite of its strong presence in our private

everyday lives, laboratory digitalization still finds itself at a very early experimentation phase. At Bayer, we see

this is as an opportunity for us to shape today how we envision laboratory work in the not so distant future.  

The Lab of the Future initiative is an in-house project that pursues - through rapid prototyping - the integration

of state of the art technologies in a scientist’s and laboratory technician’s daily laboratory life in order to 

optimize cost efficiency and throughput, safety, and quality of documentation. In this poster, we will

showcase our efforts towards making our laboratories “smarter” through the use of smart devices and the

creation of a Lab App that can integrate our current tools and databases in an easy to use and customizable

platform.
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When optimizing ligand binding to a target protein during the drug design process a macrocyclic structure of the

ligand can provide advantages. Macrocyclisation is an effective way to restrict a compound’s conformational

space compared to acyclic inhibitors with the potential to improve potency, selectivity and metabolic stability.

In the context of computationally-driven drug design this diverse class of chemical structures provides some

challenges when it comes to conformational flexibility. Here we will discuss a method for exploring macrocyclic

conformational space and the results of a benchmarking study

1

 for this algorithm. A dataset of 208 structures

was curated from the Cambridge Structural Database, the Protein Data Bank and the Biologically Interesting

Molecule Reference Dictionary. A conformational search algorithm using the program Prime reproduces the

crystal structure conformations in a highly accurate way and is fast compared to other published approaches. The

sampling algorithm is also used in the context of a membrane permeability prediction protocol for macrocyles.

Furthermore, results for binding affinity prediction using the FEP+ framework for macrocycles are presented.

2

We have applied the method to 7 pharmaceutically interesting data sets taken from recent drug discovery

projects including 33 macrocyclic ligands covering a diverse chemical space. The predicted binding free energies

are in excellent agreement with experimental data, with an overall root mean square error (RMSE) of the

predictions below 1 kcal/mol.
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The determination of free ligand conformations of small molecules in solution is becoming a vital contributor to

both ligand- and structure-based drug design. Measured solution conformations by NMR spectroscopy enhances

drug design programs by focusing hypotheses of  compound affinity and physical chemistry, reducing design

make test cycles, and ultimately reducing synthesis efforts.

Design advantages gained from knowledge of free ligand conformations also extends to emerging drug classes.

Synthetic macrocycles are increasingly considered as a source of potential drug molecules. However, their often

long and challenging synthesis can limit their broader exploitation in drug discovery programs.

Conformationally guided macrocycle design can improve this process; knowing when such a strategy will be

most beneficial, and ensuring accurate design for potency and physico-chemical property enhancements.

Another exciting drug class is the PROTACs approach - a proteolysis targeting chimera (PROTAC) is a

two-headed molecule capable of removing unwanted proteins by inducing selective intracellular proteolysis.

With the molecular weight falling in the 700-1000Da range, the delivery and bioavailability of PROTACs

remain the largest hurdles to their progress. In the absence of x-ray crystallography to guide design and

rationalise SAR, the utility of NMR free ligand conformations to optimise the linker design will be discussed.

In this presentation we will highlight, with examples of classical and emerging drug classes from the

AstraZeneca Oncology portfolio, how measured free ligand conformations can enhance the drug design process.
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Intrinsically disordered proteins (IDPs) are highly attractive drug targets

1

. However, targeting them is a major

challenge as their lack of defined secondary and tertiary structures hinders conventional structure-based drug

discovery.

Androgen Receptor (AR) is a hormone-activated transcription factor. AR N-terminal domain (AR-NTD) is

intrinsically disordered. Its function is to recruit the basal transcription machinery to express genes related to the

development of the male phenotype. AR over-activation leads to prostate cancer (PC) and, eventually,

castration-resistant prostate cancer (CRPC) for which there is currently no treatment

2

.

EPI-001 is the only small molecule inhibitor of the AR-NTD and was identified by phenotypic screening

3

. A

derivative of EPI-001 entered clinical trials for CRPC treatment. However, not much is known about its

mechanism of action. In this project we want to understand how EPI-001 can specifically interact with the

disordered AR-NTD. Also we are rationally building improved analogues and designing a screening assay to

find new small-molecule scaffolds with the same mechanism.

So far, by NMR spectroscopy we have showed that EPI-001 interacts with a region of the NTD called

Transactivation Unit-5, although with very low affinity

4

. In the symposium I will provide evidence that EPI-001

interacts with a specific conformational state of this domain that can be stabilized in vitro and closely resembles

the state that this domain adopts in its biological milieu. Our results help understand the mode of action of this

experimental drug and suggest general avenues for targeting proteins rich in intrinsic disorder such as

transcription factors.
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Over the past years, sigma-holes[1] (the localized electron deficiency of polarizable halogen atoms leading to

favorable electronic interactions with Lewis bases) have experienced vivid discussions and broad published

awareness. Some drug researchers have recently started to incorporate the halogen binding concept into their

rationalizing of lead optimization.[2]

In this presentation we will shine light on the fine difference between correlation versus causality, and — using a

multitude of examples — we will analyze the impact of these clearly physical, electronic effects on binding

affinity.

We will balance the effect of water versus sigma-holes onto substrate and drug binding using affinity

measurements that shall be compared to both an empirical, logP-based model [3] and advanced quantum

chemical computations. A broad geometric analysis of complexes in the PDB using a recently developed

academic tool [4] supports the assumption that the overall energetic contributions are almost negligible in an

aqueous environment, and that the expected geometries are only very rarely found in protein-ligand crystal

structures. Conclusions and consequences for rational design shall be discussed.

Whereas most electron structure calculations quantify sigma-hole interactions in an in vacuo context, it is

important to note that water plays an additional, very important role in the definition and thus calculation of

binding affinities in a drug design context.
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Lung cancer is the third most common cancer in the UK and the prognosis for sufferers is extremely poor. It is

treated with surgery, chemotherapy and radiotherapy, with both the latter treatments having dose limitations and

severe side effects.

1

 Photodynamic therapy (PDT) provides an attractive alternative for lung cancer treatment. It

involves the use of a photosensitive drug which, when activated by visible light, causes the formation of singlet

oxygen within cells. Singlet oxygen is highly toxic and causes cell death with minimal side effects.

2

Zinc phthalocyanines have been shown to be efficient photosensitisers. Attachment to PEGylated gold

nanoparticles has been shown to improve their potency by increasing their water solubility and therefore

increasing their bioavailability.

3

Figure 1: Structure of gold nanoparticle conjugates

 

We have designed and synthesised a series of gold nanoparticle-based photosensitisers, and actively targeted

these towards non-small cell lung cancer through antibodies and small molecules. The synthesis of these

conjugates will be discussed and preliminary biological studies will be disclosed. 
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It is well described in literature that many solid tumors exhibit altered metabolic pathway utilizing glucose by

glycolysis to produce energy,

1

 relative to normal tissues wherein glucose catabolism is mainly occurring by

oxidative phosphorylation.

2

 These differences represent attractive therapeutic opportunities to selectively target

tumor cells.

3

Human lactate dehydrogenase A (LDHA) among other enzymes and transporters plays a crucial role in the

promotion of glycolysis. LDHA uses NADH as a cofactor to transfer a hydride to the pyruvate ketone moiety,

converting pyruvate into lactate.

4

 Cancer cells experiencing glycolytic shift show elevated expression of LDHA

and higher lactate production. The resulting extracellular acidosis, facilitates tumor invasion, metastasis and

immune evasion.

5

 It has been shown that silencing of the LDHA expression results in proliferation inhibition of

tumor cell lines in vitro and TGI in in vivo xenograft models.

6

Herein we report the synthesis, biochemical evaluation and SAR of novel pyrazolidine-3,5-diones and

pyrolidin-2,4-diones developed as selective LDHA inhibitors. Docking studies were applied for rational structure

optimization that resulted in the identification of LDH inhibitors in the sub-micromolar range (IC

50

 0.65 µM).

Repression of biochemical LDHA activity in cancer cells resulted in effective inhibition of cellular lactate

production and reduced viability. Observed on-target efficacy in cancer cells warrants further development and

testing in vivo.
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One of the 20

th

 century's significant achievements is discovery of azithromycin and its development to a

commercial product for effective treatment of various infective diseases. Considering azithromycin’s beneficial

pharmacokinetic properties, our group have led the widespread modification of the azalide scaffold in a search

for new azalides active against resistant bacterial strains

 [1-5]

. In spite of a number of existing macrolide

antibiotics, the emerging multi-drug resistant microbial pathogens present serious and challenging problems in

medical treatment which demand novel and more effective antimicrobial agents to be discovered. Here we

present a short overview of the work that has led to discovery of novel thiosemicarbazones of 15-membered

azalides as a new class of compounds. The new compounds were evaluated in vitro against a panel of sensitive

and resistant Gram-positive and Gram-negative bacterial strains. Synthesized compounds have shown good

activity against macrolide sensitive Gram positive strains, comparable to azithromycin. Activity was also

observed against two Gram negative strains (Escherichia coli and Haemofilus influenzae). Among macrolide

resistant strains, compounds were modestly active only against efflux-mediated resistant Streptococcus
pneumoniae. In order to achieve better insight into the molecular interactions responsible for compounds binding

into the ribosome’s active site, docking study of chosen compounds was performed. This approach can afford

fast and effective preparation of a library of novel compounds with the goal of identifying new class bacterial

inhibitors. Although the limited number of compounds studied here cannot allow for a comprehensive SAR

analysis, they can serve as a good platform to explore the nature of bacterial resistance, especially against

resistant S. pneumoniae.

Figure 1. Route of synthesis for new macrolide thiosemicarbazone conjugates
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Histamine receptors are G protein-coupled receptors which are key regulators of a plethora of pathophysiological

processes ranging from inflammation and itching to obesity. The histamine H

3

 receptor (H

3

R) is highly

expressed in the central nervous system (CNS). It modulates the release of histamine and of other

neurotransmitters

[1]

 and has been identified as a potential target in diseases such as obesity, narcolepsy,

Alzheimer’s and ADHD.

[1]

 Despite advances in H

3

R medicinal chemistry and pharmacology, the complex H

3

R

signaling is still poorly understood and studies addressing this would benefit from molecules enabling temporal

and spatial control of signaling. Therefore we developed molecules which have the ability to reversibly switch

affinity and potency upon illumination for H

3

R. A variety of azobenzene-containing ligands has been prepared

by 3 to 5-step syntheses and characterized for both their photochemistry (NMR, LC-MS, UV-Vis) and

pharmacology. In this presentation, we will show our key compounds VUF14862 and VUF14738 which

represent a highly complementary bidirectional photo-antagonist toolbox.

[2]

 These key compounds show more

than 10-fold decrease or increase, respectively, in H

3

R binding affinity upon illumination, and ultimately allow

dynamic regulation of H

3

R in Xenopus oocytes. These photopharmacological tools can be of aid in

spatio-temporal studies to dissect the complex signaling cascade of H

3

R.

Figure 1: Characteristics of photoswitchable H

3

R antagonists
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The covalent drugs are compounds containing electrophile moiety that can form a covalent bond with

nucleophilic amino acid residues of proteins. Despite major concerns about toxicity including lack of specificity

and potential immunogenecity, covalent inhibitors offer a number of advantages over non-covalent compounds

1

.

High potency and prolonged duration of action may result in lower and less frequent dosing and reduced

off-target activity. Additionally, covalent compounds can even decrease risk for development of resistance,

which is extremely important in antibacterial drug discovery

2

. In the last years, a number of compounds with

covalent mode of action has increased significantly, resulting in several blockbuster drugs

3

.

We focused on UDP-N-acetylglucosamine enolpyruvyl transferase (MurA) that takes part in the early steps of

peptidoglycan biosynthesis and is essential for bacteria. MurA catalyses the transfer of enolpyruvate from

phosphoenolpyruvate to UDP-N-acetylglucosamine

4

. It is well-validated target for antibacterial drug discovery,

as it is inhibited by clinically used antibiotic fosfomycin, which forms a covalent adduct with the cysteine

residue within the active site of MurA

5

.

A covalent fragment library containing a large set of different warheads was assayed against MurA from E. coli
and S. aureus. First, the assays were performed in the presence and absence of dithiothreitol (DTT) to decouple

covalent binding from non-covalent interactions. The analysis of the results showed that the majority of

fragments bound covalently to the target. Additionally, for the active fragments IC

50

 values were determined,

followed by detailed enzyme kinetic evaluation that revealed exact mechanism of inhibition. We discovered

fragments that inhibit both MurAs in low micromolar and sub-micromolar concentrations. The best compounds

had the similar potency as clinically used MurA inhibitor fosfomycin.

The data presented in this study revealed the reactivity and specificity of various covalent warheads that bind to

MurA enzymes. This will allow us to select the appropriate warhead and optimize it to yield covalent inhibitor

with sufficient potency and selectivity.
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The development of effective and patient friendly antithrombotic agents, new anticoagulants as well antiplatelet

drugs remains a permanent challenge to medicinal chemists. The rational design of compounds with designed

multiple mode of action towards multiple targets is a widely used approach in drug design. In the field of

antithrombotic drugs several multiple ligands were published, however, they were mainly acting on the targets

(eg. fXa and thrombin), which had strong structural resemblance.

We developed for the first time compounds possessing thrombin inhibitory activity and fibrinogen receptor

antagonism as novel antithrombotic drugs, combining enzyme and receptor as molecular targets. Thrombin

inhibitors (e.g. D-Phe-Pro-Arg or dabigatran) possess basic centre, central scaffold and aromatic moiety, while

GPIIb/IIIa receptor antagonists (e.g. Arg-Gly-Asp tripeptide (RGD) or tirofiban) possess basic centre, linker and

acidic moiety.

Designed multiple ligands, novel antithrombotic compounds with dual activity targeting GPIIb/IIIa receptor and

thrombin and possessing anticoagulant and antiaggregatory activity in the same molecule combine basic centre,

central scaffold, aromatic moiety and acidic moiety. Benzamidine moiety was used for the P1 part of the

molecule; various heterocycles were used as central scaffold/linkers, aromatic P3 moiety was optimized using

various fluorine substituents on aromatic ring, and P4 carboxyl group moiety was optimized using optimal

substitution on heterocyclic ring and the length of the alkyl chain.

Animal studies were performed to demonstrate in vivo activity. Thus we are presenting compounds having

nanomolar thrombin inhibitory activity as well nanomolar fibrinogen receptor antagonistic activity as novel

antithrombotic compounds and potential drug candidates.
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The ability to harness adult stem cells for the treatment of human disease could revolutionise the field of medical

therapeutics. They are remarkable cells characterised by their capacity to divide and to differentiate into cell

types constituting adult tissue in the body. Moreover, many examples are now described where these cells

contribute to tissue repair in the event of injury. Such cells thus hold enormous promise both for use as in vitro

screening tools for drug efficacy and toxicity testing, but especially for their application in regenerative therapies

treating a wide range of disorders with high unmet medical need such as neurodegenerative diseases, diabetes,

heart disease, and vision loss.

1,2

Currently, most regenerative medicine therapies are based on manipulation of stem cells in vitro followed by

transplantation into the patient. Our approach is to stimulate the adult stem and precursor cells with small

molecules in situ, taking advantage of the endogenous repair mechanisms that already exist within the body. This

would have several advantages, such as avoiding manufacturing of cells in vitro. We are using phenotypic high

throughput screens based on cultures of tissue-specific cells to identify and optimise new classes of compounds

with novel mechanisms of action.

In the first instance, we are applying this unique approach to a number of debilitating conditions with significant

unmet medicinal need across several therapeutic areas. OxStem Neuro are identifying new classes of drug that

stimulate de novo neuron production from neural stem cells that can compensate for disease pathology in

neurodegenerative diseases and restore cognitive function; OxStem Cardio aims to stimulate resident cardiac

precursor cells using small molecules to increase cardiac muscle regeneration and improve functional recovery

following myocardial infarction (MI); OxStem Ocular is working on the stimulation of appropriate precursor

cells within the retina of patients with a range of retinopathies to activate retinal repair to restore vision. This

poster will highlight the cutting-edge approach of our work in this field, displaying an overview of each of the

four areas, with specific focus on the oncology project.

In Oncology, we are targeting the manipulation of ‘cancer stem-like cells’ (CSLCs) for the development of novel

cancer therapeutics. CSLCs are tumorigenic cells that have the ability to self-renew and differentiate to grow and

replenish the bulk tumour.

3

 The resistance of CSLCs to cytotoxic chemotherapy regimens, characterised in a

range of cancer types, is a key reason for the high rates of relapse and remission seen in numerous cancers. This

is very evident in Acute Myeloid Leukemia (AML), a cancer of the haematopoietic system, resulting in a

long-term survival rate of only 20-30%. Our aim is to use a small molecule approach to induce differentiation of

CSLCs to more benign states to improve clinical outcomes and prevent resistance/relapse. With this goal in

mind, we have developed a robust in vitro screening assay which has been used to identify a number of validated

hit compounds that show differentiation of AML cells in several subtypes. A lead generation campaign is

currently underway as well as in-depth RNA sequencing experiments to shed light on the target pathways in this

process.

3
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Ischemic heart disease leads to irreversible cell loss and is characterized by unmet medical need. Cardiac

transcription factors, such as GATA4 and NKX2-5, regulate both physiological and pathophysiological

processes in the heart. For example,  a physical interaction of these two TFs leads to stretch-induced

cardiomyocyte hypertrophy.

1

 In our previous studies we have demonstrated that inhibition of this protein-protein

interaction (PPI) with a small molecule compound inhibits cardiomyocyte hypertrophy in vitro and improves

cardiac function in vivo in experimental models of myocardial infarction and hypertension.

2,3

In this study, we continued optimization of the original isoxazole hit compound by modifying its northern,

central and southern parts. The new compounds were tested in the luciferase assay to examine the inhibition of

the transcriptional synergy of the GATA4 and NKX2-5. Additionally, the most potent compounds were tested in

luciferase assays for NKX2-5 and GATA4 separately. The generated three-dimensional activity data was

analyzed by using hierarchical clustering to identify compounds capable of inhibiting PPI but not interfering

with GATA4 or NKX2-5 DNA binding. Furthermore, toxicity of the compounds was studied with MTT and

LDH assays in the COS-1 cell line.

In summary, we have synthesized and identified a group of non-toxic compounds, which inhibit transcriptional

synergy of GATA4 and NKX2-5 without interfering with GATA4 transcriptional activity.
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G-protein coupled receptors (GPCRs) are the most common targets for currently available therapeutics. GPCRs

without an identified endogenous ligand are considered “orphan receptors” and may represent novel therapeutic

targets. GPR18 is an example of such an orphan receptor. On the basis of mRNA transcripts, there is evidence of

GPR18 expression in immune cells and tissues, gastrointestinal and testicular tissues, human sperm, cancer cells,

in particular cells associated with the immune system as well in various brain tissues (mainly hypothalamus,

cerebellum, brain stem) and microglial cells [1,2]. Since the cannabinoid agonist Δ

9

-THC is an agonist at

GPR18, it was suggested that GPR18 could be considered a third cannabinoid (apart from CB

1

 and CB

2

)

receptor subtype. Cannabinoid receptors, a part of the endocannabinoid system, are involved in a variety of

physiological and pathophysiological processes such as appetite regulation, and energy homeostasis, cognitive

and mental functions, drugs addiction, effects on pain transmission and inflammation. GPR18 with yet unknown

biological function may be considered as a potential novel drug target. In our studies bicyclic imidazole-4-one

derivatives were discovered as the first synthetic scaffolds active that block GPR18 receptor function as detected

in b-arrestin assays. [3]. Structure-activity relationships were analyzed leading to the development of PSB-CB-5

((Z)-2-(3-(4-chlorobenzyloxy)benzylidene)-6,7-dihydro-2H-imidazo[2,1-b][1,3]thiazin-3(5H)-one)and

PSB-CB-27, ((Z)-2-(3-(6-(4-chlorophenoxy)hexyloxy)benzy-lidene)-6,7-dihydro-2H-imidazo[2,1-b
][1,3]thiazin-3(5H)-one)  showing the best potency and selectivity profile (IC

50

=0.279 µM and 0.650 µM,

respectively). Their selectivity against GPR55 (another orphan receptor that interacts with cannabinoids) and

cannabinoid CB

1

 and CB

2

 receptors was confirmed. In in vitro assays these compounds displayed

antiproliferative activity in  several cancer cells (Hec-1B; HuT102, M10, BLM, SH-SY5Y and HT-1080) at 10

μM concentration. The compounds display drug-like properties (e.g. interaction with CYP3A4, no mutagenicity

Ames test, metabolic stability). Pharmacokinetic studies of PSB-CB-5 indicatedits penetration into brain tissue. 

In vivo tests confirmed their effect on food intake (PSB-CB-5) and antinociceptive properties (hot plate test)

(PSB-CB-27).
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The co-crystallized ligands in Protein Data Bank (PDB) represent a great quantity of information about protein

binding sites. There are more than 100,000 ligands all-together and more than 20,000 unique ligands in the PDB

in 2017; however, this information is not used explicitly in the existing docking algorithms. Docking has had

persistent problems in predicting binding free energies and related to that scoring and ranking of docked poses is

still an open problem.

We developed ProBiSdock, a docking algorithm that scores the docked poses using unique new scoring function

in which the pose’s score depends on its overlap with the existing ligands' atom field. This force field is

generated for each query protein specifically from existing co-crystallized ligands in other protein structures in

the PDB transposed to the query protein using ProBiS binding sites alignment algorithm. To account for

conformational changes in protein upon ligand binding, both compounds and proteins are treated as flexible.

ProBiSdock enables fast docking of large databases containing millions of compounds and has been successfully

validated on the DUD-E benchmark and on cross-docking examples where the treatment of protein flexibility is

required. It was already used to perform proteome-scale docking as well as to discover new experimentally

confirmed inhibitors of IDO-1 enzyme, an attractive target in cancer therapy. ProBiSdock enables researchers to

quickly search for new active compounds or, inversely, for new target proteins of existing drugs taking into

account knowledge in the PDB and has been successfully validated in silico and in vitro.
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Thermostable enzymes are in widespread use for a broad range of applications. The global market for industrial

enzymes has surpassed the USD 7.1 billion. Most than 75% of the enzymes used commercially are coming from

the hydrolase family. Apart from its use in food, detergents, starch and others, hydrolases are also intensely used

in organic synthesis, such as:

� Acylases for the production of 6-aminopenicillinanic acid, use for semisynthetic penicillins

� Lipases for the resolution of enantiopure carboxylic acids,

� Nitrilases for the synthesis of chiral amionoacids

Extremophilic colonies are rich sources of new biocatalysts for the industry. One of the main objective of the

Marie Curie HOTDROPS project was to look for new thermostable esterases and lipases. Once they were

isolated, a specific library of compounds was designed and synthesized in order to screen and characterize their

activity. Therefore a serie of compounds were prepared based on the following structure:
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In human, G protein-coupled receptors (GPCRs) constitute the largest family of receptors and one of the largest

families of proteins in general. They are responsible for a vast part of signal transmission within organism, as

well as for sensing external stimuli such as light or odour. Their function was once thought to be plain and

straightforward, being considered as simple one-function relays,  recognizing particular stimulus and responding

to it with one particular intracellular signal. Today it is known, however, that nature designed GPCR structures

for complex signal processing, with one single receptor molecule capable of inducing different signalling

cascades in response to different ligands – particular ligands can ‘bias’ signalling toward particular effector.

Understanding this complexity is crucial for design of modern drugs selective toward selected signalling

pathway rather than receptor only, which is believed to bring less side effects. Engineering such drugs is

problematic for many reasons, including probe dependence (modulators affect different transmitters in a very

different way) and species selectivity (drug candidate performing well in rodent models may behave differently

in humans).

Opioid receptors are among the most intensively investigated GPCRs in allosteric and/or biased drug design.

Such drugs could greatly improve current therapies, cursed with dangerous side effects. In recent years, some

prototypical biased compounds were reported, e.g. TRV-130, PZM21 or SHR9352. To understand their

mechanisms and allow for rational design of further analogues, we created a native-like in silico environment,

including µ opioid receptor in complex with G protein, immersed in a raft-like asymmetric membrane. The

system was then set in motion with molecular dynamics simulations. Number of simulations with different G

protein-biased or β-arrestin-biased derivatives bound to the receptor were performed. Subsequently, Principal

Component Analysis was then used to sift relevant information on the underlying principles of functional

selectivity. Importantly, our simulations were performed on the human receptor model in a native-like

environment, so the results may eventually help to overcome difficulties related to differences in properties of

drug candidates in mouse models and humans.
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Neurodegenerative diseases exert a vast physical, emotional and economic cost on patients and society, and with

an aging population their prevalence is rapidly increasing. There are currently estimated to be 47m people living

with dementia globally, costing over $800b each year, but this is predicted to rise nearly three-fold by 2050.

1

The

only treatments currently available for these conditions are symptomatic, with none targeting underlying causes;

thus there is an enormous unmet medical need.

We aim to activate neuroregeneration by targeting the endogenous neural stem cells (NSCs) already present

within the adult brain and stimulating natural repair mechanisms. This could be utilised as a novel treatment for

a range of conditions such as Alzheimer’s disease, Parkinson’s disease, and traumatic brain injury. NSCs are

found within two main neurogenic niches; the subgranular zone (SGZ) of the hippocampal dentate gyrus, and the

subventricular zone (SVZ) of the lateral ventricles. 

2–4

 These cells are known to become activated upon injury,

and their progeny to then migrate toward the damaged area, but only to a very limited extent. Enhancement of

this process has been observed during treatment with a range of drugs, molecules and genetic manipulations this

provides precedent that our approach is feasible.

5

We have developed a semi-automated in vitro phenotypic assay, using a monolayer of primary murine NSCs

(isolated from SGZ or SVZ) and measuring the appearance of mature neurons. We have used this assay to

perform a pilot screen of 1500 compounds, from which we identified 30 compounds which induced a significant

increases in neurogenesis. The use of a phenotypic assay gives us the opportunity to utilise a hypothesis-free and

target agnostic approach, whilst also allowing a more direct translation of results into in vivo studies. Following

preliminary pharmacokinetic evaluation, early in vivo efficacy work was conducted, wherein one lead compound

was found to give a significant enhancement in SGZ neurogenesis after oral administration to wild-type mice. As

a result, this compound has now been progressed to Alzheimer’s disease models. Work is ongoing to optimise

the ADME / PK and efficacy properties of this and other series, and in parallel to identify and study their

mechanism(s) of action.
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Calcium oxalate accumulation provokes generalized life‐threatening tissue damage in primary hyperoxaluria

type 1 (PH1) patients. This genetic rare disease is caused by the diminished function of the enzyme

alanine‐glyoxylate aminotransferase (AGT), which is in charge of glyoxylate detoxification.

1

 These conditions

promote glyoxylate accumulation and its oxidation to oxalate by other enzymes, like glycolate oxidase (GO).

2

Substrate reduction therapy (SRT) in PH1 is currently being studied as a strategy for preventing glyoxylate

accumulation by inhibiting those enzymes involved in its formation.

3,4

 In this sense, recent studies point at

glycolate oxidase (GO) as one of those promising targets for SRT in PH1.

2

We have recently found that furylsalicylates are moderate GO-inhibitors and efficient agents reducing oxalate

output on hyperoxaluric mouse hepatocytes culture, which represents a novel aspect to be added to the biological

profile of salicylic acids.

5

 Our hit compound, with an EC

50

 at the low micromolar range for oxalate decrease,

presents a polar salicylate head which is directly attached to a moiety consisting on a furan ring. So as to identify

the ideal distance between the polar functionalities and the furan ring, structural analogs have been designed,

synthesized and tested on mGO and hyperoxaluric mouse hepatocytes. Both flexible and rigid nitrogen‐based

linkers have been introduced in order to space the two different moieties of our molecules and to increase water

solubility, what constitutes an important feature of useful drug candidates. In addition, docking studies have been

carried out in order to gain advantageous information about the suitable orientation of the binding groups.
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Aim. The CCK

2

/gastrin receptor (CCK

2

R) is expressed in high densities in several tumour types. These tumours

can thus be visualized with nuclear medicine imaging techniques, such as PET and SPECT, by using

radiolabelled CCK

2

/gastrin receptor binding ligands. Currently, CCK

2

R binding radioligands are either

minigastrin or cholecystokinin (CCK) analogues with agonistic properties, thus exhibiting pentagastrine test-like

adverse effects even in quantities below those required for targeted peptide receptor radionuclide therapy

(PRRT). On the other side, it was recently shown in the SSTR/somatostatin system that internalization is not

prerequisite for high tumour uptake and retention. Switching from agonists to antagonists led to higher tumour

uptake due to higher number of binding sites

1

. The aim of the present study was to design and synthesize novel

CCK

2

R antagonists suitable for further radiolabelling with different radiometals for SPECT, PET and PRRT.

Methods. First step of the development of the novel CCK

2

R antagonists was in silico structure-based drug

design. The homology modelling approach was used and the crystal structure of β

2

 adrenergic receptor (PDB

code: 2RH1) served as the template. The best model with the lowest DOPE score and PDF energy score was

selected for further optimization, and already known CCK

2

R antagonists were docked into the modelled CCK

2

R

on the basis of previous mutagenesis data enabling refinement of the model. Docking of energy minimized

structures of the molecules, comprised of known antagonist Z-360 and different linkers, was performed using

GOLD 5.5 (The Cambridge Crystallographic Data Centre). Best scored potential DOTA-conjugated antagonists

were synthesized using standard Fmoc based solid phase peptide synthesis. The products were purified using

semi preparative high-performance liquid chromatography (HPLC) and evaluated with HRMS.

Results. Based on the values of GoldScore scoring function and visual inspection of docked structures, we have

determined the minimal number of amino acids that are necessary for the unhindered binding of

DOTA-conjugated molecules and linker to exit the binding gap, and selected the potential DOTA‑conjugated

antagonists that showed additional interactions in the spacer region for synthesis. All synthesized conjugates

showed purities over 95% as confirmed by reversed-phase HPLC. The characterization was performed by

electrospray ionization mass spectrometry (ESI-MS), high resolution mass spectrometry (HRMS), and

RP-HPLC.

Conclusion. Several novel potential CCK2R antagonists were synthesized and will be radiolabelled and further

evaluated for their binding and agonistic/antagonistic properties.

References

1) Ginj, M. et al. Radiolabeled somatostatin receptor antagonists are preferable to agonists for in vivo peptide receptor

targeting of tumors. Proc. Natl. Acad. Sci. U. S. A. 103, 16436–41 (2006).

P327

3-FLAVONOLS AS NOVEL QUORUM SENSING INHIBITORS

Jayendra Patel (1), Tina Seifert (2), Malena Skogman (3), Kirsi Savijoki (3), Fallarero Fallarero (3),

Kristina Luthman (2), Jari Yli-Kauhaluoma (1)

1) Drug Research Program, Division of Pharmaceutical Chemistry and Technology, Drug Research Program, Division of
Pharmaceutical Biosciences, Faculty of Pharmacy, PL 56, Viikinkaari 5, FI-00014 University of Helsinki, Finland
2) Department of Chemistry and Molecular Biology, Medicinal Chemistry, University of Gothenburg, SE-412 96,

Gothenburg, Sweden
3) Drug Research Program, Division of Pharmaceutical Biosciences, Faculty of Pharmacy, PL 56, Viikinkaari 5, FI-00014

University of Helsinki, Finland

Bacterial biofilms are a major obstacle in the treatment of severe infections, especially cystic fibrosis and urinary

tract infections.

1

 The low membrane permeability of antibiotics through bacterial biofilm results in enhanced

resistance and ineffective treatment.

2

 Since bacterial cell-to-cell communication network, termed as quorum

sensing (QS), plays a major role in the biofilm formation as well as pathogenicity and virulence, targeting QS

will be more beneficial to tackle these bacteria.

3,4

 The goal of this Jane and Aatos Erkkos foundation-supported

project is to develop novel QS inhibitors (QSIs). Earlier, our colleagues have reported identification of

3-flavonols as low micromolar quorum-sensing inhibitors (QSIs).

5

 Here in, we present our recent findings

related to key structural features of 3-flavonols (Fig. 1, general structure I) required to maintain anti-quorum

sensing activity. Our work show potential of 3-flavonols as potential QSIs.
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Parkinson’s disease (PD) is the second most common progressive neurodegenerative disorder worldwide,

affecting approximately 1.5% of the population above 60 years old and 4% of the population at the age of 80 [1].

Although PD is primarily a sporadic disorder of unclear aetiology, it is now clear that genetic factors contribute

to the pathogenesis of the disease. For example, mutations in the parkin gene, which encodes Parkin protein, are

a relatively frequent cause of autosomal recessive early-onset forms of PD [1].

Parkin is a ring-in-between-ring (RBR) E3 ubiquitin ligase, composed by six distinct domains. The catalytic

module of PARKIN has a multidomain architecture consisting of RING1, IBR and RING2 domains (the latter

harbouring the catalytic cysteine), and is responsible for the ubiquitination and consecutive proteasome

degradation of a number of protein substrates [2,3].

The ubiquitination-proteasome system is fundamental to several cellular events and its malfunction induces

impairment in mitophagy and accumulation of dysfunctional mitochondria, indicating that loss-of-function of

Parkin protein may be a key to the neurodegeneration process and to the pathogenesis of PD. Therefore,

restoring Parkin function using rationally designed peptides and small molecules has been emerging as a

potential therapy for Parkin-linked PD.

However, medicinal chemistry approaches to regulate this pathway have always been hindered by the lack of

suitable robust methodologies for screening endeavours [2,3].

To address this challenge, a series of activity-based probes for profiling Parkin activity is being developed.

Concurrently, a yeast-based phenotypic assay [4] is being implemented and the biological activity of selected

probes evaluated.

These novel chemical tools hold promise as innovative biomarkers for Parkin activation, providing the bases for

Parkin high-throughput screening campaigns.
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DNA-Encoded Library (DEL) technology is an elegant method for rapidly probing a large chemical space for

binding moieties to a target protein in a single experiment. The DEL consists of a collection of small organic

molecules, each conjugated to a unique oligonucleotide strand which functions as an identifying barcode. A

simple workflow consisting of incubating the immobilized target with the library, washing off the non-binding

members and then eluting and PCR amplifying the DNA tags for sequencing and deconvolution allows the

simultaneous interrogation of massive (>10^9) amounts of substances. Compared to a traditional

high-throughput screening approach, a DEL campaign can operate at about ten times the speed, with one-tenth

the running costs.

Though this technology has been promising in both academic and industrial use over the last decade, a number

of inherent flaws have held back the data quality, reliability and maximum speed of the method. For example,

the common split-and-pool methods applied for library synthesis prevent any sort of meaningful quality control,

often resulting in mixtures containing truncates and side products, where a single DNA tag can encode multiple

compounds. Likewise, differing synthetic yields can generate misleading artifacts which appear to suggest

structure-activity relationship data where there is none. The process is slowed down by the hit validation phase,

where hundreds of hit compounds are typically resynthesized off-DNA for individual kinetic analysis, a process

which can take many months and incur significant expenses.

Here we present a new DEL platform of technologies designed to significantly increase the data quality,

reliability and speed of the method while also preserving access to a large chemical space. The first component,

the Dynamic Library architecture, consists of two DNA sublibraries, which unstably interact and reshuffle, to

randomly present two chemical structures to the target, until stabilized by binding.

1

 In this way, diversity is

preserved while permitting meaningful quality control, with additional benefits to the signal-to-noise ratio from

the dynamic generation of stronger binding pairs. The schematic of the technology principle is shown in the

figure. This technology is supported by a novel algorithmic encoding/decoding method that offers built-in error

proofing of the DNA sequencing and a hit validation technology that precludes the necessity for the vast

majority of resynthesis, allowing hit full kinetic profiles to come back in days instead of months.

2

Here we show how the combination of these technologies presents a new, powerful platform for drug discovery

and hit optimization. The performance of our system is first benchmarked against more traditional DEL

approaches, before applications in drug discovery, including de novo hit discovery and affinity maturation are

shown against multiple targets. Carbonic anhydrase II (CAII) is used to demonstrate how an affinity maturation

approach with our system can improve the performance of known binding moieties. Tumor necrosis factor alpha

(TNFa) is used to demonstrate our capacities for finding hits against difficult targets, while Sirtuins 1 and 3 are

used to demonstrate how counterscreens can select for specificity within a protein family.
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Cystic Fibrosis (CF) is a lethal genetic disease caused by mutations in the CF Transmembrane conductance R

egulator (CFTR) chloride channel, resulting in reduced anion conductance on epithelial cells of multiple organs.

Nearly 2000 mutations of the CFTR gene have been identified [1]; the most frequent is the deletion of

phenylalanine at position 508 (F508-del). This mutation causes a severe defect in protein folding and stability,

and affects the gating behavior. An effective treatment for F508-del CF patients requires at least two CFTR

modulators: a corrector to increase CFTR levels at the cell surface, and a potentiator to increase the opening

frequency of the mutant CFTR channel [2,3]. At the moment only two correctors for the treatment of CF patients

bearing the F508del-CFTR mutation have been approved, i.e. lumacaftor (VX-809) and tezacaftor (VX-661), in

combination with a potentiator, ivacaftor (VX-770). The therapeutic benefit of these combinations is however

still unsatisfactory. There is, therefore, the need of new, more effective correctors [4].

Following a HTS approach, we screened a collection of about 15,000 maximally diverse commercial

small-molecule compounds, in two different cell types (FRT and CFBE41o-) stably expressing F508del-CFTR,

using high-throughput functional phenotypic assays based on the Halide-Sensitive Yellow Fluorescent Protein

(HS-YFP) [5].  This activity yielded some primary hits, belonging to different chemical classes. One of these

chemo-types was investigated extensively. Rounds of chemical modifications of the hit and functional evaluation

in different secondary assays provided the information to build the Structure-Activity Relationships (SARs)

within the class. Hit-to-Lead and Lead-Optimization campaigns led to compounds with high potency and

efficacy in rescuing the activity of F508del-CFTR in bronchial epithelial cells from CF patients homozygous for

the F508del mutation, as measured by electrophysiological assays. The best correctors showed potency in the

low nanomolar range, retaining very good efficacy in the single-digit nanomolar range. Several compounds

showed drug-like properties suitable for further development upon evaluation in in vitro DMPK assays. The data

generated on the most promising correctors will be presented and discussed.

This work was supported by the Italian Foundation for Cystic Fibrosis (FFC) as part of the “Task Force for
Cystic Fibrosis” project.
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In recent years several research groups have tried to exploit the catalytic properties of non-biological transition

metals to mediate bioorthogonal organometallic (BOOM) reactions.

1

 Despite the challenge that implies to

achieve such kind of chemistry in living systems, abiotic metals have been successfully used for different

applications in, on and outside cells, e.g. for the synthesis of small molecules (e.g. fluorophores), the

functionalization and uncaging of enzymes and in situ prodrug activation.

2

 Regarding the latter, our group has

explored new chemistries and deactivation strategies to develop novel caged chemotherapeutic agents that are

specifically released via heterogeneous metal catalysis in order to minimize adverse effects associated to

chemotherapy.

3,4

One of the most promising approaches to address cancer heterogeneity is the use of combination therapy, which

is based on the simultaneous use of drugs with different mode of actions and synergistic effect. In this

communication, we will present the design and development of an unprecedented class of bioorthogonal prodrug

able to release two drugs in biological settings via biocompatible Au-functionalized resins. This bioorthogonal

activation method would offer a safer way to treat locally-advanced cancers through drug combinations and

potentially, overcome chemoresistance.
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Human NUDT22 belongs to the diverse NUDIX family of proteins, but has, until now, remained

uncharacterized. NUDIX family proteins play an important role in the regulation of diverse nucleotide-linked

moieties involved in cellular signaling and homeostasis.

Herein, we disclose new roles of NUDT22, the crystal structure of NUDT22 in complex with the substrate

UDP-glucose and development of new sub micro-molar inhibitors.
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The perception of bitterness is of particular importance in order to prevent the unintentional uptake of toxic food

components that often have bitter taste.

1

 Responsible for this are a group of 25 G-protein-coupled receptors

(GPCRs), called bitter taste receptors (TAS2Rs).

2

 Intriguingly, TAS2Rs are also expressed in extra-oral tissues,

such as human airway smooth muscle and the heart, making them a potential novel drug target.

3,4

 TAS2R14 is

one of the most broadly tuned receptors, as it is activated by natural and synthetic compounds which vary greatly

in their structure.

5

In this work, flufenamic acid, one of the most potent and selective agonists for TAS2R14

1

, served as lead

structure for the synthesis of new derivatives, using methods of computational docking, bioisosteric exchange

and rigidization, to gain further information on the receptors binding pocket. In vitro testing of the synthesized

molecules revealed a few compounds with similar or higher potency compared to the parent compound.

Interestingly, 5-substituted tetrazoles were identified as bioisosteres serving as a novel lead compounds for the

development of high affinity TAS2R14 ligands.
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The endogenous cannabinoid system (ECS) is a complex system including: 1) the two “canonical” cannabinoid

receptor subtypes 1 (CB1R) and 2 (CB2R), belonging to the GPCRs family; 2) the endocannabinoids

anandamide and 2-arachidonoylglycerol; 3) the enzymes involved in the biosynthesis and degradation of the

endocannabinoids (e.g., FAAH and MAGL); 4) the “ionotropic cannabinoid receptors” (TRP channels); 5) other

GPCRs, such as GPR55; 6) some receptors belonging to the PPAR family (e.g., PPARα); and 7) protein

transporters, such as FABP family.

1,2

The CB1R is the most abundant GPCR expressed in the CNS, in neurons and glial cells, where it modulates

several functions such as memory and cognition, emotion and pain control.

3 

On the other side, the CB2R is

mainly localized in the peripheral immune system (e.g., spleen and macrophages), and recent studies

demonstrated its selective upregulation in response to inflammatory insults, as seen during neurodegeneration

and in several types of cancers.

2,3

 In order to better define the CB2R-mediated pathways in the different types of

diseases characterized by inflammation, we designed several fluorescent ligands linking two different fluorescent

tags (the nitrobenzoxadiazole and the 4-dimethylamminophthalimide) to a well-known CB2R active scaffold (N
-adamantil-4-oxo-1-alkyl-1,4-dihydroquinoline-3-carboxamide) (Figure 1).

3

 Studies are currently ongoing in

term of both binding affinity and fluorescent properties aiming to find the best ligand, that will be consequently

tested through cytofluorimetric and BRET (bioluminescent resonance energy transfer) analyses, potentially

giving more insights into the CB2R signaling pathways in physiological and pathological conditions. Moreover,

these new tools may also serve as fluoligands in a fluorescence binding assay replacing the less safe radioligand

binding study.
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Alzheimer’s Disease (AD) is the most common form of dementia, accounting for about 60% of cases. All drugs

approved for the treatment of AD modulate neurotransmitters, trying to counterbalance the neurotransmitter

disturbances of the disease, but they do not tackle the neuroinflammation process associated with AD. Today, 19

% of the focus of R&D investment in AD is devoted to neuroinflammation.

1

 One relevant enzyme in the

inflammation response is the soluble epoxide hydrolase (sEH). The sEH, widely expressed in relatively high

abundance in the human brain, converts epoxyeicosatrienoic acids (EETs) to their corresponding

dihydroxyeicosatrienoic acids, whereby diminishing, eliminating, or altering the beneficial anti-inflammatory,

angiogenic and antiatherosclerotic effects of the natural EETs.

2

 Taking into account that several lines of

evidences underline a broad involvement of EETs signaling in central nervous system (CNS) function and

disease, we hypothesized that brain penetrant sEH inhibitors would stabilize EETs in the brain, resulting in

reduction of reactive oxygen species, diminished inflammation and neurodegeneration, leading to a positive

outcome in AD.

We have evaluated the cognitive impairment and the pathological hallmarks in two models of neurodegeneration

and AD (SAMP8 and 5xFAD) using three structurally different sEH inhibitors, including UB-EV52, a novel

inhibitor. Our results confirmed our expectations on the beneficial effects of central sEH inhibition, improving

cognitive decline, reducing neuroinflammation and leading to a reduction in Aβ plaque and neurofibrillary

tangles accumulation. Moreover, we have demonstrated, using CETSA,

3

 compound-induced target stabilization 

in vivo.
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Flavin-dependent oxidoreductases monoamine oxidase A (MAO-A) and monoamine oxidase B (MAO-B) are

validated targets in the therapy of several neurological disorders, e.g. depression, Parkinson’s disease,

Alzheimer’s disease.

1,2

 As a part of our screening program devoted to discovery of new compounds targeting

neurodegenerative diseases, styrilpiperidines were found to inhibit MAO-A and MAO-B. A comprehensive

series of over 90 novel styrilpiperidines was therefore synthesized by applying systematic structural

modifications on the benzene ring and by replacing piperidine with other saturated rings. Interestingly,

1,4-disubstituted N-propargylstyrilpiperidines with trans-vinyl linker connecting piperidine and benzene ring

irreversibly inhibit human (h)MAO-B with low nanomolar IC

50

 values. On the other hand, cis isomers

irreversibly inhibit human (h)MAO-A with high selectivity over hMAO-B (Figure 1A). In contrast, derivatives

with prolonged substituents (butinyl/pentinyl) on piperidine nitrogen displayed reversible inhibition of hMAO-B,

as demonstrated by 100-fold dilution assay. To characterize the mechanism of MAO inactivation, UV/visible

spectroscopy and co-crystallization experiments were performed. Crystal structures of several N-
propargylstyrilpiperidines in complex with human MAO-B were resolved, further confirming irreversible

covalent modification of FAD cofactor (Figure 1B).

Compounds are not cytotoxic to neuroblastoma SH-SY5Y cell line (EC

50

 > 100 μM) and display neuroprotective

properties in cell based 6-hydroxydopamine model of Parkinson’s disease. They also display favorable in vitro
pharmacokinetic parameters in terms of oral bioavailability and BBB permeability. Ex vivo experiments further

on demonstrate MAO-A and MAO-B inhibition after i.p. administration in mice brain homogenates.

Importantly, selective hMAO-A inhibitor 3 (Figure 1A) shows antidepressant activity in mice after i.p.

administration (0.3 mg/kg) in chronic 10-day treatment regime.
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A large number of semisynthetic derivatives of opioid compounds have been developed over the years with

many of them resulting from derivatization at positions 3, 6 and 17 of the opioid core. Modifications on the

7,8-double bond have been scarcely reported in the literature, and have mostly consisted of double bond

reduction.

1

 Oxidations of opioids are generally challenging and they have focused on the production of

14-hydroxy derivatives from thebaine and oripavine, in route to the preparation of drugs such as naloxone and

naltrexone.

2-3

To study the effect of modifying the 7,8-double bond of opioids, we have developed a convenient, one-step,

heterogeneous oxidation method for conversion of Δ

7,8

-opioids into the corresponding 7β-hydroxy-8-ketones

with potassium permanganate supported on iron(II) sulfate heptahydrate.

4

 We have demonstrated that the

oxidation reaction can be performed in the presence of various protecting groups, and studied the effect of the

C6-substituent on the reaction outcome. 7β-Hydroxy-8-ketone opioids can be regarded as versatile intermediates

for the synthesis of other opioids of interest.

The binding to and activation of opioid mu, delta and kappa receptors by the synthesized opioid hydroxy ketones

was evaluated. The compounds acted as antagonists at the mu- and delta-receptors. Docking simulations and

structure-activity analysis suggest that the newly introduced 7β-hydroxy-8-ketone functionality results in gain of

activity towards the delta opioid receptor.
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ROLE OF THE FIRST TRANSMEMBRANE HELIX OF THE OPIOID

RECEPTOR IN RESPONSE TO FULL AND PARTIAL AGONISTS
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G protein-coupled receptors (GPCRs) are a broad and diverse family of receptor proteins. Despite the variety of

perceived stimuli, they all share the same scaffold of seven transmembrane helices. Such conservation of the

fold, together with a number of very conserved sequence motifs would suggest important role of the complete

scaffold in signalling. However, there are known examples of six-transmembrane variants of GPCRs, deprived

of the first helix (1TM). Therefore, the role of 1TM becomes ambiguous.

In this study, we employed molecular dynamics simulations to investigate behaviour of the 1TM of the human

mu opioid receptor in presence of different ligands – full agonist, partial agonists and an antagonist. Structure of

the receptor was co-modelled with G protein and immersed in raft-like membrane to ensure native conditions.

Subsequently, Gromacs tools were used to analyse relative motions of transmembrane helices. Our results

suggest, that behaviour of 1TM is connected to efficacy of the ligand. Interestingly, antagonist seems to induce

similar effects as full agonist, but these behaviors differ from those observed in signalling induced by partial

agonists.

302



P342

PROBING THE STRUCTURE OF FRENTIZOLE-LIKE 17ß-HSD10

INHIBITORS TO INCREASE THEIR POTENCY

Ondrej Benek (1,2,3), Lucie Vinklarova (1,2), Monika Schmidt (1,2), Lukas Hroch (2), Laura Aitken (4),

Terry K. Smith (4), Frank Gunn-Moore (4), Kamil Musilek (1,2)

1) University Hospital in Hradec Kralove, Sokolska 581, 500 05 Hradec Kralove, Czech Republic
2) University of Hradec Kralove, Faculty of Science, Department of Chemistry, Rokitanskeho 62, 500 03 Hradec Kralove,

Czech Republic
3) National Institute of Mental Health, Topolova 748, 250 67 Klecany, Czech Republic

4) University of St. Andrews, School of Biology, Medical and Biological Sciences Building, North Haugh, St. Andrews KY16
9TF, United Kingdom

Amyloid-beta peptide (Aß), considered the main causative factor for the development of Alzheimer’s disease,

has been shown to interact with the mitochondrial 17beta-hydroxysteroid dehydrogenase type 10 (17ß-HSD10),

also known as amyloid-binding alcohol dehydrogenase (ABAD) [1]. In vitro experiments have suggested that

this interaction is cytotoxic and that enzyme activity is necessary for the cytotoxicity to be observed [2]. Thus,

the inhibition of the 17ß-HSD10 may be of therapeutic merit for treatment of Alzheimer’s disease.

Based on the structure of recently identified benzothiazolyl urea inhibitors [3] we have designed, synthesized

and evaluated a plenty of novel compounds (Fig. 1). The SAR study indicated the key structural motifs

responsible for inhibitory ability. Several compounds were found more potent inhibitors of 17ß-HSD10

compared to the parent molecules.

Figure 1: General structure of prepared 17ß-HSD10 inhibitors.

This work was supported by the Ministry of Health of the Czech Republic (no. NV15-28967A), Biotechnology

and Biological Sciences Research Council (BBSRC; no. BB/J01446X/1), the Alzheimer’s Society UK and the

Barcopel Foundation.
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The human DNA topoisomerase IIα (human topo IIα) is one of the major anticancer targets due to its role in the

cell proliferative process. It catalyses topological changes of the DNA molecule, and plays an important role in

biological processes, such as DNA replication, transcription and chromosome segregation, and its concentration

is higher in rapidly dividing cells [1]. Because of its complex catalytic mechanism, several possibilities exist

how to tackle this established anticancer target. Active agents targeting the human topo IIα are divided into two

large groups; the established topoisomerase poisons [2] and an emerging group of catalytic inhibitors [3]. In our

research we are using available structural information of the human topo IIα ATPase domain to rationally design

new catalytic human topo IIα inhibitors that target the ATP-binding site on its ATPase domain. Such inhibitors

prevent the native ATP ligand from binding, consequently stopping its catalytic cycle [2-4].

The starting point of this study comprised our discovered 4,5’-bithiazole compounds that were discovered to

bind to the ATP binding site of the DNA Gyrase from E. Coli, the bacterial analogue of the human topo IIα [5].

By aligning the ATPase domains of the human topo IIα and that of the DNA Gyrase we determined the

structural differences between their corresponding ATP binding sites. Based on these results a small focused

library of 4,5’-bithiazoles was selected and screened against the human topo IIα ATP binding site. Analysis

using obtained binding modes coupled with LigandScout-generated pharmacophores resulted in a selection of

small series of compounds that were evaluated for its in vitro inhibitory activity. The best compounds showed

activity in the lower micromolar range. In subsequent investigation we confirmed that these compounds do not

act as topoisomerase poisons and further functional and biophysical assays suggested that they bind to the topo

IIα ATPase domain. Compounds also displayed promising cytotoxicity and are a promising class for further

development.
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GABA

A

 receptors are the major inhibitory neurotransmitter receptors in the central nervous system. These

GABA-gated chloride channels are composed of five subunits that can belong to different subunit classes.

Several pyrazoloquinolinone ligands have already been described as high affinity ligands of the benzodiazepine

(Bz) binding site but also, they exert a positive modulatory effect at the alpha

+

beta- interfaces.

1,2 

Previously, it

was shown that some pyrazoloquinolinone derivatives showed preference towards beta1 containing receptors in

terms of potency. Further studies in homology models and mutant receptors confirm that the amino acid located

in position 41 of segment G in the beta1 and beta3 subunits strongly influences the potency and efficacy of the

tested ligands.

3

 In the present study, further pyrazoloquinolinone derivatives were studied and results showed

that they possess improved functional selectivity. The results of this study are herein presented and the properties

of these compounds will be further investigated.
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Enaminones as a class of compounds containing conjugated N–C=C–C=O system represent a promising group

of potential therapeutics showing anticonvulsant, antimicrobial, antioxidant, antitumor and cytogenetic

biological activity. Due to their lipophilicity, sensitivity to minor structural changes in the N–C=C–C=O

backbone and stability in solution under physiological conditions they are used as suitable starting material for

the synthesis of bioactive molecules in the field of medicinal chemistry. These tridentate ONO donors also

represent a significant group of ligands in the coordination chemistry of transition metals.

Trying to give more insight into the correlation between chemical structure and biological activity, six

non-symmetric acyclic enaminones, 4-[(2-hydroxy-5-methylphenyl)amino]pent-3-en-2-one (H

2

L

1

),

4-[(2-hydroxy-4-methylphenyl)amino]pent-3-en-2-one (H

2

L

2

),

4-[(4-hydroxy-2-methylphenyl)amino)]pent-3-en-2-one (H

2

L

3

),

3-[(2-hydroxy-5-methylphenyl)amino]-1-phenylbut-2-en-1-one (H

2

L

4

),

3-[(2-hydroxy-4-methylphenyl)amino]-1-phenylbut-2-en-1-one (H

2

L

5

) and

3-[(4-hydroxy-2-methylphenyl)amino]-1-phenylbut-2-en-1-one (H

2

L

6

), have been synthesized and characterized

(Fig. 1). The cytotoxicity of enaminones was investigated against THP-1 and HepG2 cells in vitro and

corresponding IC

50

 values were determined by MTS assay. The antibacterial activity was tested by microdilution

method against Staphylococcus aureus, Enterococcus faecalis, Escherichia coli and Moraxella catarrhalis
bacterial strains to assess their MIC values. To investigate the coordination ability and influence of metal ion

complexation on cytotoxicity and antibacterial activity of prepared enaminones, twelve molybdenum(VI)

complexes of different nuclearity containing enaminone ligands H

2

L

4

 or H

2

L

5

 were prepared. The obtained

complexes, [MoO

2

(L

5 or 4

)(MeOH)]×MeOH (1×MeOH and 2×MeOH), [MoO

2

(L

5 or 4

)(D)] [D = pyridine, (1a

and 2a), 3-methylpyridine, (1b and 2b) and 4-methylpyridine, (1c and 2c)], [{MoO

2

(L

5 or 4

)}

2

(D)] [D =

4,4'-bipyridine (1d and 2d)], and complexes [MoO

2

(L

5 or 4

)]n (3 and 4) were characterized and tested for

cytotoxic and antibacterial activities. Enaminones and their Mo(VI) complexes were characterized by thermal

analysis, IR spectroscopy and X-ray diffraction.

Figure 1. Structural formulas of enaminones H

2

L

1 

– H

2

L

6
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Activity of the histone deacetylases (HDACs) has an essential influence on histone posttranslational

modifications. Therefore, alterations in the structure and expression of HDACs isoforms are strongly related to

the pathogenesis of inflammation, cancer, and neurodegeneration. The HDACs became extensively examined

targets in novel drug discovery. The HDAC6 isoform is a non-histone cytoplasmic deacetylase, manly involved

in deacetylation of α-tubulin, cortactin, and heat shock protein 90 (Hsp90) [1]. Our rational drug design study

was focused on identification of selective histone deacetylase 6 (HDAC6) inhibitors by use of combined ligand

and structure based methodologies. Based on the 3D-QSAR (Quantitative Structure Activity Relationship)

modeling of HDAC6 inhibitors were defined specific molecular determinants for selective HDAC6 inhibition

and further applied for fragment based design of selective HDAC6 inhibitors. Recently resolved crystal structure

of second human catalytic domain of HDAC-6 enzyme (5EDU) [2] was used in virtual docking study of the

examined inhibitors.
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Sirtuins are highly conserved class of NAD+-dependent lysine deacetylases. Altered function of sirtuin 2 (Sirt2)

is related to pathogenesis of cancer, inflammation and neurodegeneration, which makes Sirt2 very attractive drug

target in novel epigenetic research [1]. A number of Sirt2 inhibitors have been recently developed, but for most

of them are missing structural information of their interaction with the enzyme [2, 3]. Our molecular dynamic

(MD) study was performed on recently resolved crystal structures of selective ligand-Sirt2 complexes [1]. In the

MD study were defined significant interactions with novel inhibitors, one of key residues responsible for

conformational stability of cofactor-binding pocket, and residue acting as gate-keeper for cofactor-binding loop.

Some residues completely changed orientation after the MD simulation, compared to the starting crystal

structures. This result indicates on the errors in the X-ray structures that may have influence on structure-based

design of novel inhibitors. After clustering of MD trajectory, 20 conformations (centroids) from 20 clusters of

Sirt2 have been selected as representative conformations for retrospective structure based virtual screening. The

virtual screening performances were significantly improved by use of the ensemble of conformations, selected

with this MD methodology, compared to screening against available X-ray structures.
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During the past years, we have identified a decrease in the ability of the students of Pharmacy and of Medicinal

chemistry Masters to remember the chemical structure of drugs. As a consequence, the students try to learn by

heart the structures as meaningless drawings and show difficulties to recognize (not only learn) the structures

and their functions, to sort the drugs into the right pharmacologic class, to identify sets of properties that are

professionally relevant and to associate the International Nonproprietary Name (INN) with structure.

This results in an opportunity loss to aggregate the properties of drugs that are embedded in their chemical

structure, like binding and potency, ADME properties, side-effects… Indeed, the structures are very important

vertices that help to consolidate a multidisciplinary learning and knowledge, as exemplified in drug-discovery.

We designed a free e-learning tool to support the medicinal chemistry and pharmacology face-to-face courses in

a blended learning approach. The innovative pedagogic project entitled “MedChem Structures Genius” available

on mobile stores and also on web. So far, more than 400 drugs and 100 pharmacological classes have been

implemented in the database and available for students and medicinal chemistry professionals to review and test

themselves.
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DNA gyrase and topoisomerase IV are validated targets for discovery of antibacterial drugs. They are

heterotetrameric enzymes composed of two catalytic GyrA/ParC subunits and two GyrB/ParE subunits with

ATPase activity. The latter have become attractive targets in many drug discovery projects in pharmaceutical

industry, especially after successful introduction of the novobiocin into the therapy. However, novobiocin was

later withdrawn from the clinic due to its toxicity and development of bacterial resistance. In recent decades,

several new GyrB and ParE inhibitors with antibacterial activity, mainly against Gram-positive bacteria, have

been discovered. Although some of these new inhibitors have advanced to phase I trials, none have so far

reached clinical practice.

Recently, we have discovered and optimized several structural classes of potent DNA gyrase and topoisomerase

IV inhibitors with activity mainly against Gram-positive pathogens.

1-4

 Our latest optimization efforts resulted in

the benzothiazole class of potent dual DNA gyrase and topoisomerase IV inhibitors with activities in the low

nanomolar range (5-20 nM) against GyrB, which is the primary target of compounds in bacteria. The most potent

compounds possess antibacterial activity with MIC values lower than 1 µg/mL against many Gram-positive

strains (e.g. Staphylococcus aureus, methicillin-resistant S. aureus, Enterococcus faecalis) and low µg/mL values

against Gram-negative strains (e.g. Escherichia coli, Klebsiella pneumoniae, Shigella sonnei, Pseudomonas
aeruginosa). The best compounds display activity also against plasmid-mediated quinolone resistant E. coli
strains, therefore, showing no cross-resistance with the fluoroquinolones. In addition, resistance potential in E.
coli was determined and mutations were mapped to the residues in the ATPase domain of GyrB.
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WNT/β-catenin signaling regulates key cellular functions including proliferation, differentiation, migration,

apoptosis, stem cell renewal and immune system modulation. Abberrant WNT/ β-catenin signaling is found in

multiple cancers. In particular, the recently described role of the WNT/β-catenin pathway in regulating immune

cell infiltration in the tumor micro-environment suggests an impact of the pathway on immunotherapy [1].

Hence, WNT-directed therapeutic intervention represents an area of significant developmental focus.

The Poly-ADP-ribosylases tankyrase 1 and 2 are cental biotargets in the WNT/β-catenin signaling pathway,

regulating the turnover of the protein complex that controls β-catenin stability and in adition impacting the hippo

signaling pathway. Several small molecules have been identified that inhibit tankyrases 1 and 2 [2], and we have

earlier shown efficacy of tankyrase inhibitors in WNT dependent adenoma and tumor models [3, 4].

Here we describe the successful discovery of a selective tankyrase inhibitor from a hit stage to a late lead stage

with potential as a preclinical candidate [5, 6]. In addition, we show proof of concept for our tankyrase inhibitor

as an immune modulatory agent.

Crystal structure of G007-LK in complex with tankyrase 2 (PDB-code 4HYF)
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Polyamines are essential biological compounds in eukaryotes, participating in a variety of cellular processes such

as cell growth, proliferation, and differentiation. These effects are caused by various specific molecular

interactions with polynucleotides, proteins, metals ions, ionic channels, membranes and cytoskeletal structures

among others.

1

 Consequently, they represent a universal template in drug design, particularly to afford new

anticancer agents.

2

According to recent efforts in the polyamine-based drug design focused on anticancer compounds, we designed

and synthesized a series of 4-N-substitued 1,4,7-triazaheptane compounds symmetrically substituted with picolyl

groups. Among the compounds, L1a and L5a showed noteworthy low micromolar potency against a panel

cancer cell lines. These lead compounds promoted G0/G1 arrest of cell cycle, which was followed by cellular

senescence as indicated by the detection of senescence-associated β-galactosidase (SA-β-gal) in L1a and L5a

-treated cells. For large treatments, they also activated strong apoptotic response, as indicated by externalization

of phosphatidylserine, caspases 3/7 induction and a decrease in mitochondrial membrane potential.

Structure–Activity Relationship of polyamines L1a and L5a agrees with the well-known apoptosis-inducing

ability and metal affinity of zinc chelating agents.

3

 Thus, we investigated, as a potential target of compounds 

L1a and L5a, the modulation of intracellular zinc homeostasis by fluorescence in vitro studies with the

zinc-specific probe Zinquin. L1a and L5a reduced the intracellular labile zinc ions in LN229 glioma cancer cells

in contrast with the inactive compounds. Additionally, the intracellular zinc depletion was in a dose-dependent

manner.

These results support the development of new zinc-chelating agents as a potential strategy for the treatment of

several cancer types and represent a promising new class of antitumor agents. 
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Statins (inhibitors of the hydroxy-methylglutaryl-coenzyme A reductase) have various anticancer effects and

potentially they could be used in the treatment of tumor diseases. However, it is important to ascertain their

possible side effects on non-cancerous cells, e.g. on stem cells, since cancer- and stem cells have similar

properties that include the ability of the unlimited dividing. In the past we screened the changes in expression of

48 000 genes induced by all commercially available statins on pancreatic cancer cells MiaPaCa-2. Recently we

have applicated the microarray experiment on adipose-derived mesenchymal stem cells. We analyzed, compared

and interpreted the significance of the effects of statins on expression of individual genes as well as the effect on

complete metabolic and signaling cascades. Predicted functional association networks are shown in figure.

Individual nodes represent drug and genes products. Individual node colors indicate the type of the interaction:

binding - blue ball, activation - green arrow, inhibition - red bar, catalysis - magenta ball, same activity - cyan,

reaction - black ball.

This work was supported by the projects APVV-15-0217, VEGA1/0168/18 and RVO: 68378050.
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The most widely used antifungal agents in clinical medicine and agriculture are azoles that act as reversible

inhibitors of sterol 14α-demethylase (CYP51), the key enzyme in the sterol biosynthetic pathway. The basis for

azole efficacy is their selective inhibition of fungal CYP51 over the human ortholog. However, worldwide

increase in the incidence of opportunistic fungal infections and emergence of resistance to available antifungal

drugs, raise the need to develop new, more selective, and efficient inhibitors of fungal CYP51.

The aim of our studies is to provide new directions for the design of compounds that would selectively inhibit

CYP51 from a yeast C. albicans, a major human fungal pathogen. We investigated the binding of a group of

synthesised pyridylethanol(phenylethyl)amine derivatives to CYP51 orthologs. We expressed wild-type human

and C. albicans CYP51 proteins in E. coli and purified both recombinant proteins. We also optimized eukaryotic

CYP51s expression in E. coli. Spectrophotometric titrations of both othologs with a group of these derivatives

showed that the length of amine nitrogen alkyl chain is important for the binding strenght to CYP51 and that the

phenyl ring substitutions are important for the selective binding to C. albicans CYP51. We confirmed the

selectivity of compounds by half maximal inhibitory concentration (IC50) determinations to human and C.
albicans CYP51. Using a combination of the solution-state NMR spectroscopy and molecular modeling methods

the binding mode of selected derivatives was determined at the atomic level. This is the first determination of the

location and interactions of any of these derivatives in the CYP51 active site at the atomic level. Previous

attempts to determine the crystal structure of these compounds in complex with CYP51 were unsuccessful,

probably because of their dynamic nature. Our results reveal the unique binding properties of the investigated

derivatives in comparison to the azoles. Most importantly the halogenated phenyl ring is located in the substrate

access channel forming a unique set of interactions with the hydrophobic side chains. Especially informative are

the interactions of chlorine atoms with the unconserved residue Met381 in human CYP51, which corresponds to

Phe380 in C. albicans CYP51. These can explain the structural requirements for selectivity of the examined

pyridylethanol(phenylethyl)amine derivatives and provide novel directions for the design of selective fungal

inhibitors.

This work was supported by the Slovenian Research Agency (Grant numbers P1-0010 and J1-8145) and

EN-FIST Centre of Excellence.
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Cysteine cathepsins are a family of proteolytic enzymes which have fundamental roles in the degradation of

proteins in (endo)lysosomes. Some of them, including cathepsins K and S, are also promising drug targets. In

bone tissue, cathepsin K participates in the process of bone resorption and its elevated enzyme activity is

associated with bone diseases. On the other hand, cathepsin S plays an important role in the immune response

and represents a target for the treatment of rheumatoid arthritis, psoriasis and cancer [1]. Multiple orthosteric

inhibitors targeting the active sites of cathepsins K and S are being developed as drugs for the treatment of

several diseases and a few of them have already reached clinical trials, however none of them have yet been

approved. Allosteric regulation is an alternative way to regulate enzyme activity. It is emerging as an important

strategy for drug discovery and development since allosteric drugs bind to evolutionary less conserved sites,

making them more specific compared to orthosteric drugs [2]. Furthermore several allosteric drugs in

development have already been approved for the treatment.

Cathepsin K is a model enzyme for allosteric regulation in cysteine cathepsins. Apart from its natural effectors

glycosaminoglycans two synthetic effectors NSC13345 and NSC94914 are known to bind to an allosteric site of

cathepsin K [3, 4]. We recently synthesized and characterized a novel allosteric effector of cathepsin K,

Su-Gly-OMe (methyl (R)-(2,5-dioxopyrrolidine-3-il)glycinate), which has a mode of action consistent with the

aforementioned effectors NSC13345 and NSC94914. We confirmed that it binds to the same allosteric site and

showed that it partially inhibits not only cathepsin K but also cathepsin S. We hypothesize that it binds to the

same site on cathepsin S and that on the basis of structural differences between both sites we can develop

compounds specific for each enzyme. For this purpose, we prepared compound libraries with three sites of

diversification on the Su-Gly-OMe scaffold. We tested the effects of the synthesized compounds on the activity

of cathepsins K and S and determined the affinities of those compounds which acted as inhibitors. Thus far we

have shown that one site of diversification can be used to increase the affinity of the effector for cathepsin K and

another site to optimize its specificity. Both of them can also be used to optimize the specificity of the effector

for cathepsin S, whereas all three sites of diversification can be used to increase affinity for cathepsin S.
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GSK3008348 is currently in clinical trials for the treatment of idiopathic pulmonary fibrosis (IPF), a disease

which leads to aberrant scarring in the lung, resulting in shortness of breath, persistent coughing and eventually

death.

1

 A key target for this treatment is the αvβ6 integrin, which activates profibrotic cytokine transforming

growth factor (TGF-β). Selectivity towards αvβ6 over other integrins is believed to be important to regulate

TGF-β inhibition. GSK3008348 (Figure 1) delivers excellent potency at αvβ6 in cell adhesion and radioligand

binding assays, with >100-fold selectivity over the other RGD integrins in the latter (Table 1).

2

Figure 1. Structure of GSK3008348.

Table 1. Potency of GSK3008348 against RGD integrins.2

This work aims to investigate the excellent selectivity of GSK3008348 for αvβ6 over the other RGD integrins.

The key intermolecular interactions when GSK3008348 is docked into a crystal structure of αvβ6 will be

explored.

3

 The difference in potencies at αvβ6 and αvβ3 will be rationalised by comparison of the amino acid

residues in the receptor binding pockets. The binding of GSK3008348 in protein homology models of other

integrin receptors will also be investigated, and the key interactions described to explain the excellent selectivity

of GSK3008348, which is hoped will ultimately deliver a more efficacious medicine to patients.
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INTRODUCTION. Receptor-ligand molecular docking is a structure-based drug design approach widely used

by the scientific community in Medicinal Chemistry [1]. The main objective is to assist the process of drug

discovery, searching for new lead compounds against relevant therapeutic targets with known three-dimensional

structures. The program DockThor [2], developed by our group GMMSB/LNCC, has obtained promising results

in comparative studies with other well established docking programs for predicting experimental binding modes,

considering diverse molecular targets and chemical classes of compounds. The DockThor Portal was developed

to enable the use of the docking program by the scientific community using the computational facilities provided

by the SINAPAD Brazilian high-performance platform and the supercomputer Santos Dumont. Furthermore, we

recently developed several scoring functions with protein-ligand interaction-driven features trained with machine

learning techniques for predicting binding affinities of protein-ligand complexes. Such new scoring functions

will be available on the free portal for large-scale virtual screening experiments, the DockThor-VS. 

METHODS. The DockThor program has implemented a grid-based method that employs a steady-state genetic

algorithm for multiple solutions as the search engine and the MMFF94S force field as the scoring function for

pose prediction. The DockThor-VS portal provides the major steps for ligand and protein preparation, being

possible to change the residues protonation states and to define the degree of flexibility of the ligand. The user

can also customize the main parameters of the grid box and the genetic algorithm. Recently, we developed

general and specific scoring functions for target-classes, the last to account for binding characteristics associated

with a target class of interest, focusing on proteases, kinases and protein-protein interactions complexes (PPIs).

The scoring functions were derived using linear regression (MLR) and more sophisticated machine learning

techniques for nonlinear problems using the PDBbind refined set 2013 (N = 2959) for training and testing.

Currently, the affinity prediction implemented in the DockThor-VS portal is given by the linear general scoring

function. Guest users are able to submit virtual screening experiments within a limit of 100 compounds, while

registered users with approved projects are able to submit up to 1000 compounds per job.  

DISCUSSION AND RESULTS. In the DockThor-VS portal, the docking results are automatically analyzed

and clustered by an internal analysis tool. The parameters of the analysis step may be also customized by the

user, such as the number of binding poses shown and comparing them with a reference conformation of the

ligand through the RMSD calculation. The DockThor program obtained very satisfactory results in redocking

experiments using benchmarking datasets, achieving performances of 78%, 83.33% and 78% in the Astex

diverse (N = 85), Iridium-HT (N = 120) and PDBbind 2013 core set (N = 195) for the top-ranked energy pose,

respectively. Furthermore, our scoring functions obtained promising performances when evaluated in both

experimental and docked structures, with the best one achieving a high correlation with measured binding data

(R = 0.705), and the linear-general model obtaining a competitive performance (R = 0.602) when compared with

the state-of-the-art linear scoring functions.

CONCLUSION. The competitive performance of the DockThor program for binding mode prediction and the

accuracy of the affinity functions recently developed encouraged us to develop the portal DockThor-VS as a free

and reliable tool for virtual screening. The portal utilizes the computational facilities provided by the SINAPAD

Brazilian high-performance platform and the petaflop supercomputer Santos Dumont. The DockThor-VS portal

is freely available for the scientific community at the address www.dockthor.lncc.br.
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Mutations in the Ras family of proto-oncogenes resulting in constitutively active Ras are implicated in 20-30%

of human cancers.Inhibition of Ras maturation is therefore considered to be a potential anticancer strategy. The

Ras converting enzyme (Rce1), an integral membrane protein, mediates CaaX proteolysis, a key modifying step

required for Ras maturation and localization. There has been limited development of Rce1 inhibitors, which

would greatly aid in the investigation of the physiological role of Rce1 in Ras regulation. NSC1011, a previously

reported inhibitor of Rce1, identified in a medium throughput assay, was used as a starting point to develop a

small library of new compounds. These exhibit moderate potency and improved selectivity against the human

Rce1 (HsRce1) and were shown to induce EGFP-Ras isoform mislocalisation from the plasma membrane in a

human colon carcinoma cell line. Importantly, several of these analogues were also shown to mislocalise

EGFP-K-Ras more effectively than a known farnesyl transferase inhibitor (FTI). To identify new scaffolds, we

are using computational methods to virtually screen chemical libraries to identify alternate starting points. These

may be used to further develop new analogues and further increase the potency of inhibitors towards HsRce1.
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Bacterial biofilms represent a major threat due to their remarkable resistance to conventional antibiotics and

involvement in hospital-acquired infections (HAIs).

1

 For example, hospital-acquired pneumonia has been related

to a mortality rate of 70% and above, either directly or by contributing to other factors. In addition, other HAIs

lead to 7-9 additional days of hospitalization which causes a worldwide financial burden.

Given the facts, it is necessary to synthesize new effective anti-biofilm agents that can inhibit biofilm formation

and/or kill established biofilms. Recently, our group discovered a new class of hybrid compounds using

dehydroabietic acid, a diterpenoid from coniferous trees, as a starting material. Two of the designed compounds

are the most potent abietane-type anti-biofilm agents reported so far in literature (Figure. 1), targeting

staphylococci including Staphylococcus aureus.

2

The results discovered showed that diterpenoids from coniferous trees represent an excellent starting material for

anti-biofilm agents. The ongoing research in our lab focuses on exploring and optimizing more diterpenoid

derivatives to target bacterial biofilms. Standard structural elucidation techniques are used to confirm the

structure of the synthesized compounds.

Figure 1.The two most potent anti-biofilm and antimicrobial abietane-type derivatives reported so far in

literature.

2
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Mcl-1 is a Bcl-2 family member and critical negative regulator of apoptosis. Mcl-1 is overexpressed in many

cancers and contributes to tumor progression and chemo-resistance by binding to and sequestering pro-apoptotic

BH3 domain-containing proteins. Disrupting Mcl-1/BH3 protein interactions with a small molecule is predicted

to initiate apoptosis or sensitize cancer cells to cytotoxic inducers of apoptosis.

While a number of Mcl-1 inhibitors have been described,

1

 new chemical matter is still needed. Here we describe

the discovery of a new series of Mcl-1 ligands and their structure-based optimization to sub-micromolar potency.

References

1) J. P. Taygerly, D. W. Robbins, Med. Chem. Reviews 2017, 52, 263-277.

311



P360

SYNTHESIS AND IN VITRO EVALUATION OF HYDROXYFATTY

ACIDS AND SYNTHETIC ANALOGUES ON GPR84

Mads Holmgaard Kaspersen (1,3), Laura Jenkins (2), Julia Dunlop (2), Graeme Milligan (2), Trond Ulven

(1,3)

1) Department of Physics, Chemistry and Pharmacy, University of Southern Denmark, Campusvej 55, DK-5230 Odense M,
Denmark

2) Centre for Translational Pharmacology, Institute of Molecular, Cell and Systems Biology, College of Medical, Veterinary
and Life Sciences, University of Glasgow, Glasgow, UK

3) Department of Drug Design and Pharmacology, University of Copenhagen, Universitetsparken 2, DK-2100 Copenhagen,
Denmark

The orphan G protein-coupled receptor 84 (GPR84) was discovered over a decade ago but has only recently been

linked to a variety of inflammatory diseases and Alzheimer-type dementia.

1

 GPR84 is a receptor for

medium-length fatty acids (MCFAs) and to a greater extent their 2- and 3-hydroxylated counterparts but its

pathophysiological roles have not yet been fully clarified. 

2,3

 Despite reported agonists, modulators and

antagonists for GPR84, the current research in the field is at an early stage.

4

 Here we present the synthesis of

hydroxyfatty acids and synthetic analogues of these and their activity on GPR84.
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Combination of salicylic moiety, amino acids and basic anilines form specific type of compounds are able to

induce apoptosis in cancer cell lines in vitro1

 as well as sensitizes cancer cells to metabolic stress by disrupting

actin cytoskeleton and inhibiting autophagic flux.

2

 Under base of this results a new salicylamide dipeptides were

designed, synthesized and fully characterized. The biological screening of antiproliferative and cytotoxic

activities in cancer cell lines in vitro for targeted molecules as well as for chosen intermediates was provided.

Biological evaluation shown interesting results for antiproliferative properties. Several intermediates were

modified to obtain new compounds with various functional groups. These compounds were tested for their

inhibition of protesomal activity. Chosen members shown significant inhibition of proteasome.

3

 This group was

further extended with novel functional groups, which were tested. Results will be discussed in presented poster.
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Hydrogen sulfide (H

2

S), an important gasotransmitter, vasodilator and neuromodulator agent, is generated by

cystathionine-gamma-lyase (CSE), cystathionine-β-synthase (CBS), and 3-mercaptopyruvate sulphurtransferase

(MPST) enzymes in mammals 

1, 2

. The mitochondrial enzyme MPST is an endogenous source of H

2

S in various

cells and tissues. Previously, we showed resveratrol’s (3,5,4’-trihydroxy-trans-stilbene) effect on H

2

S formation

under oxidative stress

3

. The biological activity of resveratrol may be limited by poor absorption and first-pass

metabolism: only low plasma concentrations of resveratrol are seen following oral administration, and

metabolism to glucuronide and sulfate conjugates is rapid.

In the view of this data, synthetic analogs and isosteres are the subjects of research for increased bioavailability

of resveratrol derivatives. For this purpose, we tested a compound (H2) from our previous studies on chalcone

family; with a linker bond that connects the two benzenes (as a results of scaffold hopping approaches) and their

triazolopyrimidine derivative (H1; restricted turnover of the benzene rings with cyclization and increased

heteroatoms for the possible interactions)

4

.

We confirmed that the addition of substrate L-cysteine (10 mM) together with cofactor pyridoxal phosphate (10

mM) causes an increase in endogenous H

2

S formation in mice lung homogenates. Further,  we showed that

aminooxyacetic acid (AOAA)(10 mM) the inhibitor of H

2

S synthesis enzymes CSE and CBS inhibits

endogenous H

2

S formation in lung homogenates significantly by Unisense H

2

S microsensor time dependently.

Finally, we found that incubation of resveratrol derivative H1 (100 μM, 30 minutes) stimulates

L-cysteine-induced endogenous H

2

S formation (p2S inhibitor AOAA confirmed that the increase in H

2

S

produced by H1 with L-cysteine was endogenous(p2S synthesis in lung.

These results reveal the activity potential of the thiazolopyrimidine scaffold and it is necessary to focus on this

scaffold; more derivatives will be synthesized and detailed SAR will be generated.
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Glechoma hederacea var. longituba (Labiatae), a perennial vine plant, has been used for centuries in traditional

oriental medicine for the treatment of cholelithiasis, urolithiasis, dropsy, asthma, bronchitis, cold and

inflammation (1). Moreover, it has been reported that its extract produces weight loss and reduction in blood

sugar and lipid levels (2). Since the inhibition of 3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR) is

known to be one of the most effective approaches for treating hypercholesterolemia and eventually

cardiovascular diseases (3), the present study was aimed to search for HMGCR inhibitory constituents from G.
hederacea var. longituba. The methanolic extract from the stems and leaves of the plant was fractionated with

CH

2

Cl

2

, ethyl acetate, n-butanol and H

2

O. Only the ethyl acetate soluble fraction showed potent inhibitory effect

on HMGCR (IC

50

 = 37.7 μg/mL). To identify HMGCR inhibitory components, various chromatographic

separations of the ethyl acetate soluble fraction led to the isolation of four known rosmarinic acid derivatives,

two flavonoids, nine triterpenes and a sterol. All isolated substances were evaluated for their inhibitory activities

on HMGCR. Among them, rosmarinic acid methyl ester and ursolic acid, a major component, showed the most

potent inhibitory activities with IC

50

 values less than 100 μM. In addition, pygenic acid A, pygenic acid B and 

maslinic acid showed relatively weak inhibitory activities. The results suggest that G. hederacea var. longituba 
has potential to be a new source of agents for controlling cholesterol biosynthesis.
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Our previous studies revealed that 2-hydroxy-N-(arylalkyl)benzamides induce potently apoptosis in cancer cell

lines [1,2,3,4]. Chemically, these compounds consist of a short dipeptide or tripeptide chain bonded to O-benzyl

salicylic acid on the N-terminus and carrying various functional groups on the C-terminus; therefore we

designate them as pseudopeptides. Because their mechanism of proapoptotic activity was unknown, we applied

several independent approaches (including chemoinformatics and small scale phenotypic high content screening)

with the aim to identify molecular targets in cancer cells. We have shown that some compounds disrupt the

dynamics of actin cytoskeleton, affecting processes essential for the maintenance and expansion of tumours such

as cell adhesion, motility, proliferation, vesicular transport, and autophagic flux [3]. Newly, we prepared 32

salicylamides and screened them for antiproliferative activity in 4 cancer cell lines in vitro. Eight compounds

showed single-digit micromolar GI

50

 and we chose the most potent candidate that was evaluated in more detail.

Our candidate reduced proliferation and induced apoptosis in the melanoma cell line G361 in a dose-dependent

manner, as shown by decrease in 5-bromo-2'-deoxyuridine incorporation and increase in several apoptotic

markers, including subdiploid population increase, activation of caspases and site-specific

poly-(ADP-ribose)polymerase (PARP) cleavage. Here, we describe an innovative synthesis of novel

salicylamides and their anticancer activities in vitro.

This research was supported by the Czech Science Foundation (GA 18-03847S) and further by grants No.

LO1204 (Sustainable development of research in the Centre of the Region Haná) from the National Program of

Sustainability I, MEYS, IGA_PrF_2017_013 and IGA_PrF_2018_006.
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Developing a brand-new drug takes an enormous amount of time, money and efforts. However, there is a wide

consensus that new drugs in many therapeutic areas are urgently needed meaning that it is crucial to advance

strategies to reduce time frame, decrease costs and improve success rates.

Sir James Black, winner of the 1988 Nobel Prize in Physiology and Medicine, famously stated that: “the most

fruitful basis for the discovery of a new drug is to start with an old drug”. Disillusioned with HTS and struggling

to bring new chemical entities to market, many companies are turning back to Sir James’ wisdom.

1

 In this

perspective, a range of valuable tools based on marketed drugs have been developed at Prestwick to support

strategies such as:

�
Drug repurposing

 

�
Fragment-Based Drug Discovery (FBDD)

 

�
Selective Optimization of a Side Activity (SOSA approach)

  

The design, properties and advantages of Prestwick tools are presented and discussed in the present poster
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The progressive evolution of bacterial multi-drug resistance (MDR) to the most available antibiotics is the

significant worldspread health problem. One of the approaches is to find new chemosensitizers able to inactivate

PBP2 and PBP2a proteins which display essential role in resistance of S.aureus strains. These compounds, also

called adjuvants, should not have antibacterial activity itself. In previous studies several 5-arylidenoimidazolones

were obtained that displayed significant action in other potential antibiotic adjuvant target [1]. Following the

aforementioned concept, the purpose of these studies included: (i) computer-aided design of new potential

adjuvants, (ii) chemical synthesis, (iii) crystallographic studies, (iv) biological assays, (v) docking and molecular

dynamic simulations. New arylidenoimidazolones with amine at position 3 were synthesized in the 4-step

synthesis pathway, i.e. Knoevenagel condensation, S-methylation, condensation with

methylpiperazinepropylamine and Dimroth rearrangement, which was confirmed in crystallographic studies.

Final products were investigated in the microbiological studies, in two methicillin susceptible S.aureus (MSSA)

and seven methicillin resistance S.aureus strains. Their adjuvant activity was investigated in 1/4 of their intrinsic

minimal inhibitory concentration (MIC) to avoid their antibacterial activity. Compound 1 displayed significant

(up to 64-fold) reduction of oxacillin MIC in MRSA strains. The highest (192-fold) reduction of oxacillin MIC

showed compound 2 in MM-O021 (MRSA) strain. Reduction of MIC for ampicillin was lower than for oxacillin

and up to 24-fold. Compound 3 did not display potent antibiotic adjuvant action. None of new compounds

displayed significant action with erythromycin, ciprofloxacin and vancomycin in S.aureus strains. All the

compounds were docked to the crystal structure of PBP2a protein in two modes: (I) both to the active and

allosteric site, (II) to allosteric site and to the active site, where there was oxacillin fitted. Docking studies

confirmed that 3 did not form pi-pi interaction, which is present with remaining products. Molecular dynamic

simulations demonstrate that active compounds (1 and 2) were more stable in the active site. These results give

hope to find an arylidenoimidazolone adjuvant for antibiotics therapy. Partly supported by grant of Polish

Ministry of Science no 0169/DIA/2017/46.
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Up to now, great progress has been made in cancer therapy and several breakthroughs have been recorded in

recent years.

1

 Nevertheless, some types of cancer can still not be cured successfully. Therefore, the development

of new chemotherapeutics is still of great importance.

Since many natural products show a wide range of pharmacological properties, including antiviral, antimalarial,

anti-inflammatory and antitumor activity, they are considered as ideal lead structures for the development of new

bioactive substances. One class of pharmacologically interesting natural products are triterpenes, which also

exhibit cytotoxic properties among several other biological activities.

2

In the following we used the easily accessible, natural occurring triterpenoid, betulinic acid as starting material

for the synthesis of novel cytotoxic agents. More than 10 different betulinic carboxamides were prepared and

biologically screened to evaluate their cytotoxic activity against several human tumor cell lines using

SRB-assays. Some derivatives showed remarkable cytotoxic properties, as indicated by EC

50

 values lower than 1

μM.
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Differently from the closely related enzymes Dnmt1 and Dnmt3, Dnmt2 is not a DNA but an RNA methylt

ransferase that catalyzes the transfer of a methyl group from the cofactor S-adenosylmethionine (SAM) to its

substrates. In human beings it has a high specificity for cytosine 38 of tRNA

Asp

 (m

5

C), but further RNA (and

DNA) substrates were found in other organisms. Recent publications identified altered expression levels of

tRNA methyltransferase activity and an upregulation of Dnmt2 (mutants) in various tumor cells. Therefore,

Dnmt2 is not only relevant for the understanding of the epigenetic role of RNA methylation, but also a potential

target for cancer treatment.

1

In the development of Dnmt2 inhibitors, we use different approaches of structure based design. Bisubstrate

inhibitors,

2

 that were designed for closely related Dnmt1 and Dnmt3A, adress both binding pockets of RNA and

the cofactor and were selected as a starting point for Dnmt2 inhibitor design. Another approach focuses on

SAM-site inhibitors of the Catechol-O-´Methyltransferase (COMT).

3

 Additionally to these drug repurposing

strategies, a virtual screening of the commercial chemical space was conducted to identify completely novel

scaffolds. The subsequent optimization aims on the combination of these different inhibitor classes and the

introduction of an electrophilic warhead to increase affinity and residence time by covalent(-reversible) binding

to the catalytic cysteine 79 of the target.

4
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3) Pahang University of Science and Technology (POSTECH), Pohang, Republic of Korea

GungHepatitis C virus (HCV) infection is a leading cause of acute and chronic liver disease. About 180 million

people worldwide are infected with HCV, which can lead to liver cirrhosis, hepatocellular carcinoma and

consequently death. In addition to NS5B and NS3/4A protease inhibitor, NS5A which is a multifunctional

protein essential for HCV replication was proved to be and a promising target for the treatment of HCV.

1

 Several

NS5A inhibitors such as BMS-790052 were launched recently and some were under clinical trials. We prepared

a series of symmetric and non-symmetric heterocyclic NS5A inhibitors possessing new scaffold and evaluated

their activities against HCV cell lines. Among them, several compounds showed potent anti-proliferative activity

against HCV cell lines, less than 5 pM EC

50

.Non-symmetric analogues showed broader genotype activity, and

higher activity against resistant strains. Herein, we will present anti-HCV activity of the non-symmetric hit

compounds against various HCV genotypes and resistant strains mutated at L31V, Y93H of NS5A.

References

1) Meanwell, N. A. J. Med. Chem., 2016, 59, 16, 7311–7351

316



P373

A NOVEL ORALLY ACTIVE INVERSE AGONIST OF

ESTROGEN-RELATED RECEPTOR GAMMA (ERRγ), DN200434,

ENHANCES SODIUM IODIDE SYMPOTER FUNCTION
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New strategies to restore sodium iodide symporter (NIS) expression and function in anaplastic thyroid cancers

(ATCs) that are refractory to radioiodine therapy are urgently required. Based on the structural motifs of

GSK5182, we have successfully demonstrated the synthesis of compound libraries that are more selective

against ERRγ inverse agonists with improved absorption, distribution, metabolism, excretion, and toxicity

(ADMET) profiles. Moreover, we have broadened the therapeutic scope of these compounds based on our

findings that GSK5182 facilitates the responsiveness to radioiodine therapy by modulating NIS function in ATC

cells via ERRγ and MAP kinase signaling pathway. Herein, we have validated the most promising ERRγ inverse

agonist, DN200434, from our previous studies for its ability to enhance NIS protein function, which is a key

protein for radioiodine therapy, and improve susceptibility to the therapy in in vitro/vivo ATC models.
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DISCOVERY OF BENZOPYRAN DERIVATIVES AS A NOVEL CLASS

OF 11BETA-HYDROXYSTEROID DEHYDROGENASE

TYPE1(11BETA-HSD1) FOR THE TREATMENT OF DIABETES

Shinae Kim (1,2), Sujeong Kim (1), YeEun Noh (1), Taeho Lee (1)

1) College of Pharmacy, Research Institute of Pharmaceutical Sciences, Kyungpook National University, 80 Daehak-ro,
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11beta-hydroxysteroid dehydrogenase type 1 (11beta-HSD1) has attracted considerable attention as a promising

therapeutic target for the treatment of Type 2 diabetes. We discovered a novel class of 11beta-HSD1 inhibitors

bearing benzopyran scaffold by high-throughput screening. The initial hit exhibited a good in vitro and selective

inhibitory activity against 11beta-HSD1. Further optimization was performed in an effort to identify various

potent compounds. Compound 1 is discovered as a very potent with an IC

50

 value of 42.6 nM.
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NOVEL TOOLS IN DRUG DISCOVERY: LISICA AND BOBER

Samo Lešnik, Blaž Škrlj, Nika Eržen, Janez Konc

National Institute of Chemistry, Hajdrihova 19, 1000 Ljubljana, Slovenia

We developed two novel tools useful in the process of drug discovery. LiSiCA is a ligand-based virtual

screening software implemented as a freely available user friendly PyMOL plugin. BoBER is a method for

identifying and implementing bioisosteric and scaffold hopping replacements, also freely available as a web tool.

LiSiCA was successful in obtaining novel compounds with diverse scaffolds which are active upon the

butyrylcholinesterase enzyme and tool-like receptor 7. With BoBER we successfully optimized a covalent

inhibitor of the monoamine oxidase B enzyme. Both tools are available at http://insilab.org.
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CARBON MONOXIDE-RELEASING MOLECULES AS AN

ALTERNATIVE APPROACH TOWARDS THE THERAPY OF

TRIPLE-NEGATIVE BREAST CANCER
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Triple-negative breast cancer (TNBC) is defined by the lack of expression of the oestrogen and progesterone

receptors and the overexpression of HER-2

1

. Recently, carbon monoxide (CO) was found to behave as an

important endogenous signalling molecule and interestingly, to suppress VEGF receptor-2 (VEGFR-2) and

protein kinase B (Akt) phosphorylation

2

. Given that anti-angiogenic drugs exist as one of the few available

targeted therapies against TNBC, we want to enhance their activity by combining them with new CO-releasing

molecules (CORMs), in order to reduce the cancer-driven angiogenesis. Therefore, the aim of this project is to

study the effects of CORMs on TNBC cell lines and reveal any potential anti-angiogenic properties of these

molecules. New analogues will then be synthesized and evaluated in similar assays.

Four commercially available CORMs were screened for their effects against TNBC by means of cytotoxicity,

cell metabolism, migration, VEGF expression, tube formation and VEGFR-2 activation assays. The results were

crucial for the selection of one leading compound, which was subjected to structural modifications in order to

produce 15 new analogues. A panel of two breast cancer cell lines served as a model of TNBC, namely

MDA-MB-231 and MDA-MB-436, alongside the non-cancerous human epithelial breast cells MCF-10A and the

human endothelial cells (ECs) HECV. 

The results so far indicate that the four commercial CORMs are slightly cytotoxic against the TNBC cell lines in

the µM concentration range. More specifically, 100µM of CORM-1 seem to be the most active, reducing cell

viability by 60% and 40% for MDA-MB-231 and MDA-MB-436, respectively. Glycolysis levels of cancer cells

are reduced, for example 100µM of CORM-3 reduce the ECAR/pg protein level of MDA-MB-231 cells up to

40% compared to control DMSO-treated cells, suggesting an interesting impairment of the cellular metabolism

due to the presence of CORMs. Another interesting observation indicates the reduction of VEGF levels

expressed from CORM-treated TNBC cells. This proposes a potential decrease in the angiogenic signal sent

towards ECs, in order to stimulate angiogenesis. This reduction in excreted VEGF reached 61% after treatment

of MDA-MB-231 with CORM-2 for 24h. Inhibition of the migratory activity of CORM-treated ECs was also

observed, especially after CORM-2 and CORM-1 treatments. Finally, activation of VEGFR-2 was also shown to

be affected by treatment with CORMs, especially with 100µM CORM-2 and CORM-3.

Ongoing studies need to evaluate the ability of CORMs to alter the potential of ECs to form tubes and the in

vitro testing of the new analogues will be also finalized soon. From these studies, one final leading compound

will be suggested and can be subsequently used for further research. 
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POTENT MDM2/P53 SMALL MOLECULE INHIBITORS
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Every year the number of cases detected and the death rate from cancer are increasing, which leads to a wave of

research in the medical chemistry. The wrestle with cancer, there are many approaches, however more and more

popular is becoming targeted therapy that can fight oncology with much less side effects. One of the targets for

this kind of therapy is the protein-protein interaction of p53-MDM2 presented in about 50% of tumors, the

violation of which leads to the release of p53, which triggers to apoptosis of the tumor cells. In the course of

studying this protein-protein interaction, it was found that compounds having in their structure a spiroindolinone

fragment are able to show good affinity to the binding site of these proteins, which leads to activation of the

target p53 [1].

In our study, we propose approaches to the synthesis of three different classes of spiroindolinones from

commercially available reagents according to the reactions of 1,3-dipolar cycloaddition [2]:

as well as for different variations of Staudinger reactions:

The structure of all target molecules is proved by X-Ray data. In addition, the obtained compounds were tested

on the HCT116 p53

(+/+)

, HCT116 p53

(-/-)

, LNCap and PC3 cell lines, and spiro-β-lactams also on BW25113 and

dtolC, which led to conclusions about the structure-activity relationship.

The work was supported by the RFBR, grant number 16-33-60166
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STRUCTURE-ACTIVITY RELATIONSHIPS OF NOVEL

BENZOFURO[3,2-b]PYRIDIN-7-OLS AS DNA TOPOISOMERASE II

INHIBITORS AND ANTIPROLIFERATIVE AGENTS
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DNA topoisomerases are important biological target that solve the topological problems occurred during cellular

processes. Topoisomerase inhibitors still remain frontline interventions for the treatment of cancer. For the

development of new anticancer agents with improved activity, we have been working on pyridine derivatives

which showed topo I and II inhibitory activity, and antiproliferative activity. Herein we systematically designed

and synthesized a new series of sixteen, benzofuro[3,2- b]pyridin-7-ol derivatives containing hydroxyl moiety in

2- and/or 4-phenyl position of central pyridine and evaluated for their topo I and II inhibitory activity, and

antiproliferative activity. Structure-activity relationships revealed the position of ortho- and para-hydroxyl group

at 2-phenyl ring, and meta-hydroxyl group at 4-phenyl ring of benzofuro[3,2-b]pyridin-7-ol are important for

potent and selective topo II inhibitory activity. Compound 11 which contains hydroxyl group at meta- position of

2- and 4- phenyl ring of benzofuropyridin-7-ol showed the most potent and selective topo II inhibition (100%

inhibition at 100 µM) and antiproliferative activity (IC

50

 = 0.86 µM) in HeLa cell as compared to all the tested

positive controls. Further mechanistic study on compound 11 is underway, and the results will be presented.
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Irreversible ligands have been proven to be useful pharmacological tools in the study of structural and functional

features in drug receptor pharmacology of G protein-coupled receptors (GPCRs).

[1]

 Recent advances in the field,

which made it possible to obtain ligand-bound X-ray structures by co-crystallizing GPCRs with covalently

bound probes, have been one of the major drivers behind the increased interest in the development of novel

irreversible probes targeting GPCRs. Here, we will present our quest to solve the first X-ray structure of the

adenosine A

1

 receptor. This includes our efforts to obtain the first X-ray structure of the adenosine A

1

 receptor,

which was stabilized using DU-172, an irreversible antagonist (Figure 1).

[2]

 Furthermore, we have successfully

designed, synthesized and evaluated novel irreversible agonists of the adenosine A

1

 receptor  (Figure 2).

[3]

 Four

of these compounds, were shown to possess similar potency and efficacy to the reference high efficacy agonist,

NECA, in an assay of ERK1/2 phosphorylation assay and two irreversible agonists demonstrated an ability to

stabilize purified, detergent-solubilised adenosine A

1

 receptors in a ThermoFluor assay to a significantly higher

degree than NECA. Thus, these results offer an attractive starting point for a range of experiments including our

quest to solve the first active-state X-ray structure of the adenosine A

1

 receptor.
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CRA13, originally developed by Novartis Pharma, elicits an effective agonistic activity on both of peripheral CB

1

 and CB

2 

receptors. It was advanced to clinical trials as a pain killer that does not stimulate the central

cannabinoid receptors responsible for the undesirable psychotropic and addictive effects (1). Nevertheless, when

administered in high dose, it could cross the blood brain barrier resulting in potentially unwanted effects. A more

polar compound might be a safer candidate. We describe in this work our efforts to develop more polar

analogues of CRA13 as potential cannabinoid receptor ligands with less probability to produce unwanted central

effects. The developed molecules incorporate polar functional groups to increase the total polar surface area

without impairing binding to cannabinoid receptor.

References

1) Gardin A, Kucher K, Kiese B, Appel-Dingemanse S. Cannabinoid receptor agonist 13, a novel cannabinoid agonist: First

in human pharmacokinetics and safety. Drug Metab Dispos 2009;37:827-833.

320



P381

AZULENE-BASED COMPOUNDS TARGETING OREXIN RECEPTORS

Teppo O. Leino (1), Ainoleena Turku (1,2), Jari Yli-Kauhaluoma (1), Jyrki P. Kukkonen (2,3), Henri

Xhaard (1), Erik A. A. Wallén (1)

1) Drug Research Program, Division of Pharmaceutical Chemistry and Technology, Faculty of Pharmacy, P.O. Box 56,
FIN-00014 University of Helsinki, Finland

2) Department of Veterinary Biosciences, Faculty of Veterinary Medicine, P.O. Box 66, FIN-00014 University of Helsinki,
Finland

3) Department of Physiology, Faculty of Medicine, University of Helsinki, P.O. Box 63, FI-00014 University of Helsinki,
Finland

Orexin-A and orexin-B are the activating peptide ligands of G protein-coupled orexin receptors, OX

1

R and OX

2

R.

1

 The orexin signaling system has a central role in sleep-wake regulation. Therefore the orexin receptors could

provide a clinical target for antagonism and agonism, to treat insomnia and narcolepsy, respectively.

2

 In recent

years, the orexin receptor antagonists have been successfully developed, but the agonists have gained minor

attention. Still most of the existing agonists are peptides, which are well known to be unsuitable therapeutic

molecules and only one series of effective non-peptide orexin receptor agonists has been published to date.

3

In order to discover novel ligands for orexin receptors, we designed a virtual library consisting of 70 000

azulene-based compounds with substituents in the 1-, 3- and 6-position, which can be synthesized by our

efficient synthetic methods for 1,3,6-trisubstituted azulenes.

5,6

 After docking the database to OX

2

R

4 

and visual

examination of the top-scoring compounds, we selected a series of compounds for synthesis. With this approach,

we identified novel orexin receptor ligands: both antagonists with K
i

 values in the low micromolar range and

weak agonists.

7

 In addition, we discovered compounds that potentiated the orexin-A response to OX

1

 receptors

two-fold at 10 µM.
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Electrospinning is a simple and versatile technique used for the fabrication of continuous micro and nanofibers.

This approach is inexpensive, scalable, reliable and mainly used from polymer solutions and polymer melts.

[1]

Nonpolymeric molecules can usually not be electrospun, as only polymer solutions or melts are sufficiently

viscous to provide the required degree of molecular entanglement.

[2]

 However, recent studies have demonstrated

that high molar mass polymers are not essential for production of uniform electrospun fibers but that sufficient

intermolecular interactions acting as chain entanglements is the primary criterion.

[3]

 Recently it was

demonstrated that the dipeptide phenylalanine-phenylalanine (FF), and two Fmoc derivatives, i.e. Fmoc glycine

(Fmoc-Gly) and Fmoc-phenylalanyl-glycine (Fmoc-Phe-Gly), in spite of their small size, can assemble by

electrospinning to nanofibers basing solely on noncovalent interactions.

[2,4]

Starting from this observation we

focused on the exploitation of sulfur/nitrogen containing heterocycles having particular features that can improve

the self-assembling propensity of the system. Several compounds containing natural amino acids (Gly, Ala, Leu,

Val) together with a heterocyclic scaffold properly functionalized, were synthesized and a study on their

electrospinnability was developed. The compounds were dissolved in high concentration in HFIP and the

experiments executed on a
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FATTY ACIDS
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An improved standard of living and falling mortality rates lead to an increase in the number of people suffering

from aging-associated diseases, such as atherosclerosis, hypertension and age-related dementia. Today, the

number of persons with clinically diagnosted Alzheimer’s disease (AD) is greater than ever. Worldwide, 47

million people live with dementia, and this number is expected to increase to more than 131 million by 2050.

1

AD is a progressive neurodegenerative disease, characterized by the irreversible decline in cognitive functions.
According to the “cholinergic hypothesis”, impairment in the cholinergic function is of crucial importance in

AD. The level of neurotransmitter acetylcholine, which is responsible for the conduction of electrical impulses

between nerve cells, is decreased due to its rapid enzymatic hydrolysis.

2

 Alzheimer’s disease can't be cured, but

treatment with cholinesterase inhibitors can slow the course of the malady and improve the patient’s quality of

life.

In this study, the inhibitory potency and selectivity of (E)-2-mono-unsaturated fatty acids (MUFAs) are tested.

Therefore, a series of (E)-2-MUFAs differing in chain length was synthesized and screened for their inhibitory

action against acetylcholinesterase (AChE, from electric eel) und butyrylcholinesterase (BChE, from equine

serum). Trans-2-eicosenoic acid was shown to be a selective and efficient mixed-type inhibitor for

acetylcholinesterase (K

i

 = 1.51 ± 0.09 µM, K

i

’ = 7.15 ± 0.55 µM).
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The last year, statistical output was greatly unfavorable and sad since prostate carcinoma (PCa) was the most

spread malignant tumor commonly diagnosed around the world and as a leading cause of cancer-related lethal

outcomes registered among men in the US with an estimated 233K diagnoses and 30K deaths.[1]

Glutamate carboxypeptidase II (GCPII), also known as prostate specific membrane antigen (PSMA) has recently

emerged as a prominent biomarker of this pathological state and as an attractive protein trap for drug targeting.

[2, 3]

In present work we synthesized the series paclitaxel/docetaxel conjugates, modified with residues of 5-hexynoic

acid with different PSMA ligands. As PSMA ligand different ε-Lys substituted or non-substituted residues with

long hydrophobic linker of Glu-urea-Lys (DCL) ligands were synthesized. Synthesis of final conjugates was

performed via [3+2] azide alkyne cycloaddition reaction (click reaction). All ligands and conjugates in this work

were isolated individually and described with 

1

H and 

13

C NMR methods, high resolution mass-spectrometry,

purity was confirmed by LC/MS.

Cytotoxic effect of these conjugates was estimated on prostate cancer cells (LNCaP, 22Rv1 and PC-3 cell lines)

and non-prostate cell lines (HEK-293, Va-3, MCF-7, A549) structure-activity relationships were studied. On the

basis of in vitro studies 3 PSMA targeted conjugates were selected for subsequent studies.

PSMA targeted conjugates demonstrated the same tumor growth inhibition as for paclitaxel, in this experiment.

Synthetic approaches and biological evaluation of synthesized structures would be minutely discussed in the

report.

This work was kindly supported by Ministry of Education and Science of the Russian Federation №

IP-MSU/10-14 (NKR 185/17) and Russian scientific fund № 17-14-01316
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Cancer in one of the main health problems faced for the medical community. The search of new compounds with

promising activities in oncology represents one of the main goals of the pharmaceutical industry in our days.

Embelin (1) is a natural benzoquinone isolated as the active principle of the medicinal plant Oxalis erythrorhiza 
(Oxalidaceae) which displays many biological activities remarking its antitumor effect. This molecule is able to

interact with multiple biological targets such as XIAP, STAT3, CK2 or Akt, etc. All of this make embelin an

interesting scaffold for synthesizing new therapeutic agents with increased molecular complexity that could led

to more selective compounds against specific biological targets. Herein we present the synthesis of new

dihydro-1H-pyrazolo[1,3-b]pyridine embelin derivatives through MCRs under microwave irradiation with potent

cytotoxic activity against several hematological and non-hematological cancer cell lines.
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γ –Aminobutyric acid 1 (GABA) is the major inhibitory neurotransmitter in the brain, where it exerts its

physiological action through the interaction with specific receptors called: GABA

A

, GABA

B

 and GABA

C

.

1

GABA

B

 receptors have an important function in the neuronal physiology of many central nervous system

diseases and disorders including anxiety, depression, epilepsy, autism spectrum disorder, stroke, drug addiction,

and the neurodegenerative disorders as Huntington’s, Parkinson’s, and Alzheimer’s diseases.

2-4 

Actually, the only

FDA-approved drug to target the GABA

B

 receptor is Baclofen 2, a drug used as a muscle relaxant.

5

The aim of this work is the rational designed and synthesis of Baclofen analogues by molecular modelling.

Analyzing the crystal structure of the GABA

B

 receptor with Baclofen (PDB:4MS4), we observed that the

aromatic ring, the amino and the carboxylic groups are part of the pharmacophore of the Baclofen molecule. In

this context, we make some structural modifications that do not alter the pharmacophore. The proposed

modifications are shown in figure 1. The nitrogen in γ position was included within heterocyclic systems such as

Isoxazole and Oxadiazole. Additionally, bioisosteric replacements of the aromatic ring were made.

These Baclofen analogues were submitted to a QSAR model- previously constructed- concluding that analogues

whose R

1 

substituent should be cyclopropyl, propyl and thiophene, to be active as GABA

B

 agonists. 
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Alzheimer's Disease (AD) is a severe neurodegenerative disorder that remains without effective therapies

available to prevent the advance of the disease. The main neuropathological features of AD consist in

extracellular Amyloid-β (Aβ) plaques deposition and aggregates of intracellular Neurofibrillary Tangles (NFTs).

Understanding the pathophysiological mechanisms that underlie neurodegeneration in AD is essential for

rational design of therapies to slow or halt disease progression. A critical molecular event in the pathogenesis of

AD is the accumulation of Aβ peptide, which is produced by sequential Amyloid Precursor Protein (APP)

proteolytic cleavage by β- and γ-secretase. The β-secretase responsible for the proteolytic processing of APP in

the brain is the β-site APP-cleaving enzyme 1 (BACE1).

1 

Since processing of APP by BACE1 is the

rate-limiting step in the production of Aβ, BACE1 is considered a major therapeutic target to tackle AD.

2,3

Therefore, the last two decades witnessed intensive efforts to discover inhibitors that can reach the brain and

effectively block BACE1.

4,5

 Furthermore, different classes of inhibitors have been described and some of them

are currently being tested in clinical trials.

6

The main goal of this research project is the discovery of new small molecules that effectively inhibit BACE1.

The project has been conducted by using different Computer-Aided Drug Design (CADD) methodologies, such

as pharmacophore modeling, virtual screening and molecular docking. First, both structure-based and

ligand-based pharmacophores models were designed to identify novel and potent BACE1 inhibitors. The former

structure-based approach was based on receptor-ligand key interactions, while ligand-based pharmacophore

allows mapping the essential features of a set of known active compounds against BACE1. The pharmacophore

models were further applied for virtual screening of large druglike compound databases, in order to identify the

most promising hit compounds. Afterwards, molecular docking studies enabled the selection of the best

candidates for in vitro and in vivo evaluation. 
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Poly(ADP-ribosyl)ation is a post-translational modification in which an ADP-ribose unit from nicotinamide

adenine dinucleotide (NAD

+

) is transferred to specific amino acids of its target proteins. This modification

influences protein–protein interactions and regulates various cellular processes including DNA repair and cell

death. The synthesis and degradation of poly(ADP-ribose) (PAR) are catalyzed by two types of enzymes: PAR

polymerase (PARP) family of proteins and PAR glycohydrolase (PARG), respectively. It is established that

PARP inhibitor could be anticancer agent through the success of olaparib. Also, dysfunction of PARG in

particular cancer cells leads to enhanced cell death with inducing PAR accumulation after treatments with DNA

alkylating agents or irradiation, suggesting that PARG or PAR accumulation would be a potential target for

cancer therapy. 

We identified MO2455 with significant PAR accumulation and cytotoxicity to various cancer cell lines through

our screening campaign for in-house chemical libraries and further structural optimizations. In this symposium,

identification of MO2455 as novel PAR accumulator and the biological effects will be presented.
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Narcolepsy is a chronic neurologic disorder characterized by excessive daytime sleepiness and other symptoms

such as cataplexy, vivid hallucinations and paralysis.[1] Narcolepsy is considered as the rare disease affecting

approximately 1 in 3000 people.[2] It is believed that narcolepsy is based on autoimmune response mediated by

loss of a specific hypothalamic neuropeptide, orexin (also called hypocretin).[3,4] Two orexins have been

described – orexin A and orexin B. Accordingly, there are two specific receptors for the orexin peptides, orexin

receptor tape 1 (OX1R) and orexin receptor type 2 (OX2R). However, patients with narcolepsy are currently

treated only symptomatically. Compounds such as modafinil (non-amphetamine wake promoting compound for

excessive daytime sleepiness) and sodium oxybate (short-acting sedative for fragmented nighttime sleep and

cataplexy) are preferentially used.[1] An alternative to the symptomatic treatment of narcolepsy with cataplexy

would be a direct orexigenic system-targeted therapy in the form of non-peptide small-molecule orexin agonists

able to cross the blood brain barrier.

The aim of this work was to design, synthetize and biologically evaluate a novel class of the orexin receptor 2

type agonists. From the group of proposed novel structures, we selected those that fulfill several criteria

including CNS multiparameter optimization desirability with predicted proper interaction with OX2R as shown

by in silico methods.[5,6] Solubility profile was also one considered as one of the key parameters with logS

values higher than -4. Within our contribution, all the achieved results in syntheses and biological evaluations of

prepared derivatives will be presented.

This study was supported by grant GA CR No. 17-08596S given by Grant Agency CR. Authors declare no

conflict of interest.

References

1) Wurtmann RJ. Narcolepsy and the hypocretins. Metabolism. 55, S36-S39 (2006).

2) Leschziner G. Narcolepsy: a clinical review. Pract. Neurol. 14(5), 323-331 (2014).

3) Dauvilliers Y, Billiard M; Montplaisir J. Clinical aspects and pathophysiology of narcolepsy. Clin. Neurophysiol. 114(11),

2000-2017 (2003).

4) Kornum BR, Faraco J, Mignot E. Narcolepsy with hypocretin/orexin deficiency, infections and autoimmunity of the brain.

Curr. Opin. Neurobiol. 21(6), 897-903 (2011).

5) Wager TT, Hou X, Verhoest PR, Villalobos A. Moving beyond Rules: The Development of a Central Nervous System

Multiparameter Optimalization (CNS MPO) Approach To Enable Aligment of Druglike Properties. ACS Chem. Neurosci.

1(6), 435-449 (2010).

6) Wager TT, Hou X, Verhoest PR, Villalobos A. Central Nervous System Multiparameter Optimalization Desirability:

Application in Drug Discovery. ACS Chem. Neurosci. 7(6), 767-775 (2016).

P390

KINETIC AND THERMODYNAMIC CHARACTERIZATION OF

PI-CATION INTERACTIONS FOR GALECTIN-3 BY VARIOUS

BIOPHYSICAL TOOLS

Cédric Atmanene, Céline Ronin, Emmanuel Klein, Dominique Roecklin, Christina Muller, Nathalie

Weidner, Thomas Neumann, Fabrice Ciesielski, Valérie Vivat, Cyrille Grandjean

NovAliX, Bld Sébastien Brant, Bioparc, 67405 Illkirch Cedex, France

Combination of biophysical and structural techniques allowed characterizing and uncovering the mechanisms

underlying increased binding affinity of lactosamine derivatives for galectin 3. In particular, complementing

information gathered from X-ray crystallography, native mass spectrometry, isothermal microcalorimetry,

Biacore SPR, MST, NanoDSF and others is compared to each other.

Our studies showed favorable enthalpic contribution of cation-pi interaction between lactosamine aryl

substitutions and arginine residues from the carbohydrate recognition domain, which resulted in two log increase

in compound binding affinity. This incrementing strategy allowed individual contribution of galectin inhibitor

moieties to be dissected. Altogether, our results suggest that core and substituents of these saccharide-based

inhibitors can be optimized separately, providing valuable tools to study the role of galectins in diseases.

325



P391

BIVALENT LIGANDS TARGETING THE CANNABINOID RECEPTOR

TYPE 2

Paula Morales (1), Gemma Brugal (2), Laura Redondo-Gallego (1), Maria Gomez-Cañas (3), Ruth Pazos

(3), Pilar Goya (1), Javier Fernandez-Ruiz (3), Rafael Franco (2), Nadine Jagerovic (1)

1) Instituto de Química Médica, CSIC, Juan de la Cierva 3, Madrid, Spain
2) Departament de Bioquímica i Biologia Molecular, Facultat de Biologia, Universitat de Barcelona, Barcelona, Spain

3) Departamento Bioquímica y Biología Molecular, CIBERNED, IRICYS, Facultad de Medicina, Universidad Complutense
de Madrid, Spain

G-protein-coupled cannabinoid receptors, CB

1

 and CB

2

, have emerged as promising therapeutic targets with a

high potential for the treatment of cancer, pain or neurological disorders among others. As other GPCRs, CB

1

and CB

2 

present a rather complex molecular pharmacology. The existence of distinct binding sites, different

effector-coupling proteins, biased modulation, or oligomerization processes govern their intricate functionality.

In this context, bivalent ligands may allow the study of multifunctional receptor activy and can provide receptor

type-selectivity.

Few bivalent ligands have been described for the cannabinoid receptors; most of them target the CB

1

 receptor.

Heterobivalent ligands targeting CB

1

 and opioid receptors have previously been developed by us.

1

 Herein we

report the identification of CB

2

 selective bivalent ligands based on the chromenopyrazole scaffold previously

described by us as cannabinoid ligand.

2

A series of homobivalent chromenopyrazoles containing alkyl chains as spacers and their respective univalent

9-alkoxychromenopyrazole analogs have been synthesized. Their ability to bind to cannabinoid receptors was

measured through radioligand assays observing full selectivity towards the CB

2

 type eliminating the

psychotropic effects related to the CB

1

 type. Functional cAMP assays performed in HEK293 cells

overexpressing recombinant human CB

2

 receptors showed their CB

2

 agonist profile. Interestingly, their

univalent analogs were not able to orthosterically displace[

3

H]-CP55940 in radioligand binding assays.

However, functional studies are currently ongoing to assess their potential allosterism. To further investigate if

the bivalent ligands act as dualsteric/bitopic CB

2

 agonists modeling and mutational studies are being undertaken.
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Background

Many diseases and disease agents that were once controlled by antibiotics have evolved into new resistant forms

which are no longer susceptible to the original antimicrobial therapy [1]. The global emergence of

multidrug-resistant forms of bacteria continues to limit the efficacy of current therapeutics, resulting in treatment

failure and infection recurrence [2]. Bacterial resistance to current therapeutics continue to increase, hence,

alternative antimicrobial agents derived from natural sources are being targeted. Plants produce different types of

biologically active compounds, many of which have been shown to have antimicrobial effects [3]. These

bioactive compounds may form new therapeutic agents which can be used as a source of antibacterial,

anti-inflammatory and wound-healing treatments [4] .

Methods

Ground dried leaves of an Australian native plant (denoted species 8484) were extracted with different solvents.

The extracts were screened against nineteen wound-colonising bacteria using the well diffusion assay. Sterile

Milli-Q water was used as the negative control and standard antibiotic discs acted as the positive control. Each

assay was performed in triplicate and final values were expressed as mean values ± SEM. The minimum

inhibitory concentration (MIC), the minimum bactericidal concentration (MBC) and the effects of plant extracts

on the formation of monomicrobial and polymicrobial biofilms were also determined. Further, extracted

compounds were separated by reverse phase high performance liquid chromatography (HPLC) which were then

identified and evaluated by nuclear magnetic resonance (NMR) and mass spectrometry (MS).

Discussion

 The extracts obtained from the selected plant (100 mg/mL) showed an antimicrobial activity against

wound-colonising bacteria. The ethyl acetate extract (100 mg/mL) was superior with regards to producing

antimicrobial activity compared with other solvents at the same concentration.  Of the 19 bacteria screened,

MRSA clinical isolates and vancomycin-resistant E. faecalis, E. gallinarum and E. casseliflavus, were shown to

be especially susceptible to the plant extracts as all exhibited greater zones of inhibition subsequent to treatment

when compared to their cognate control. The methanolic extract of plant species 8484 had a MIC of 2µg/mL

against E. faecalis. In contrast, a MBC of 20 mg/mL from the methanolic extract was shown to exert the greatest

bactericidal effect against S. pyogenes. Results of both the monomicrobial and polymicrobial biofilms showed

that with increasing concentrations (0, 20, 30 and 40 mg/mL) of the methanolic plant extract, the formation of

monomicrobial (E.coli) and polymicrobial (MRSA and P. aeruginosa) biofilms significantly decreased. The

isolation and identification of bioactive compounds is currently in the preliminary phase.
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The previous research from our laboratory have demonstrated the various anticonvulsant activity among the

derivatives of pyrrolidine-2,5-dione with different substituents at position-3. In this series the most active were

compounds with phenyl group at position-3 of the imide ring and with 4-phenylpiperazines or morpholine at

position-1 (Fig. 1A).

2

 Taking into consideration these results, in the present studies we have obtained a new

series of compounds in which phenyl ring was replaced by the 3-methyl-tiophene substituent (Fig. 1B). Notably,

this heterocyclic ring is one of the essential structural fragments of known AED – tiagabine.

The starting material 2-(3-methylthiophen-2-yl)-succinic acid (1) was prepared according to the method

described previously.

3

 In the next step, the condensation reaction of 1 with 2-amineacetic acid yielded the

3-(3-methyl-thiophen-2-yl)-2,5-dioxo-pyrrolidin-1-yl-acetic acid. This intermediate was converted to final

compounds in the coupling reaction with appropriate 4-phenylpiperazines or morpholine in the presence of

carbonyldiimidazole. In the second step the 3-(3-methyl-thiophen-2-yl)-pyrrolidine-2,5-dione (2) was obtained

in the cyclization reaction of 1 with 25% ammonia. Intermediate 2 was used in the aminoalkylation reaction with

formaldehyde, and morpholine to obtain target Mannich-type compounds. Ethylene or propylene derivatives

were synthesized using the cyclization reaction of the starting acid (1) with appropriate

amino-alkyl-morpholines.

All synthesized compounds were evaluated for their anticonvulsant activity in the maximal electroshock (MES),

subcutaneous pentylenetetrazole (scPTZ) and 6 Hz seizure tests in mice after ip. administration. With the aim of

explaining the possible mechanism of action, for selected molecules, their influence on sodium and calcium

channels will be evaluate in the in vitro assays.
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Rac1, also known as Ras-related C3 botulinus toxin substrate 1, is a member of the Rho family of GTPases.

Rac1 is a pleiotropic regulator of many cellular processes, including the cell cycle, cell-cell adhesion, motility

and epithelial differentiation. Aberrant activation of Rac1 is associated with tumorigenesis, cancer progression,

invasion and metastasis. Importantly, a part of this aberrant signaling is driven by alterations in its regulatory

proteins, guanine nucleotide exchange factors (GEFs). Thus, the interaction between Rac1 and GEFs appears to

be a promising and relevant target for the development of novel anticancer drugs. In this study, we aimed to

identify novel inhibitors targeted to protein-protein interaction (PPI) between Rac1 and GEFs, by virtual

screening based on our in silico fragment mapping method.

First, small fragments derived from the ligands in the protein-ligand complexes of the PDBbind database were

mapped onto the GEF binding site of apo Rac1 (PDB : 2P2L) based on the similarity of the subsites. Compounds

conforming to the three-dimensional (3D) pharmacophore model constructed from the mapped fragments were

then retrieved from several commercial databases (containing approximately 15 million compounds). Next, we

performed docking calculation of the compounds, and then molecular dynamics (MD) simulations were

conducted for the top-ranked compounds to examine the stability of the binding poses of them. As a result, four

compounds were selected and subjected to the nucleotide exchange assay of GDP for mant-GTP in the presence

of Rac1 and its GEF, Tiam1. Among them, two compounds showed 30-40% inhibition of Rac1-Tiam1

interaction at the concentration of 100 μM. Currently we are carrying out a structural optimization of the

compounds in order to design more potent PPI inhibitors of Rac1 and GEFs.
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In several papers published by our research group, we have described the preparation of various primaquine (PQ)

derivatives and reported their antiproliferative, antioxidative, antimalarial, antimicrobial and/or antiviral activities

[1]

. A great number of compounds, members of different classes of PQ derivatives, namely amides, ureas, bis
-ureas, acylsemicarbazides, showed prominent antiproliferative activities, with acylsemicarbazides and bis-ureas

being more active than corresponding amides and ureas. Among synthesized PQ derivatives, urea with

5-hydroxypentyl substituent exerted remarkable antiproliferative activity against human colon adenocarcinoma

SW620 cell line (IC
50

 = 0.2 µM). Having in mind all the above mentioned facts, we have designed and

synthesized a second generation of bis-urea PQ derivatives where PQ core and a spacer type are preserved, but

aminoalcohol part of the molecule is replaced by (a) more rigid aminoalcohols bearing small cycloalkane

moieties, (b) fluoro substituted aminoalcohols or (c) aminophenol. In particular, organofluorine compounds are

very interesting candidates in drug discovery since they tend to have improved metabolic stability,

physicochemical properties, bioavailability and/or biological activity

[2]

.

In the first reaction step, PQ-benzotriazolide 2 was synthesized in the reaction of PQ and 1-benzotriazole

carboxylic acid chloride (BtcCl, 1). Following our previously described procedure, PQ semicarbazide 3 was

prepared from compound 2 and hydrazine. Compound 3 reacted with BtcCl giving benzotriazolide 4 which was

used without further purification in the next reaction step with aminoalcohols/aminophenol yielding bis-ureas 

5a-f. This reaction was performed in dioxane in the presence of an equimolar amount of triethylamine (TEA) if

the reaction included aminoalcohol or aminophenol, or two equivalents of TEA if aminoalcohol was in the form

of a salt. Structures of all new compounds were confirmed by standard methods (IR, 

1

H, 

13

C NMR, MS).

Evaluation of their antiproliferative and antimalarial activity is in progress.

 

 This work has been fully supported by the Croatian Science Foundation under the project number
IP-09-2014-1501.
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A cysteine peptidase cathepsin X is a carboxymonopeptidase found mainly in immune cells, where it regulates

migration, adhesion, proliferation, maturation, phagocytosis and signal transduction. In the last 10 years several

of its molecular targets were identified and characterized including beta-chain of integrin receptors,

gamma-enolase, chemokine CXCL-12, bradykinin, kallidin, huntingtin and profilin 1. Besides, cathepsin X is

highly elevated in certain types of cancer, neurodegenerative disorders, inflammatory diseases and other and it

became an object of interest as a possible therapeutic target. Till now, an epoxysuccinyl-based inhibitor AMS36

was the only one that showed selectivity toward cathepsin X. It is an irreversible inhibitor that also inhibits

cathepsin B in prolonged incubation times. For treatment of various pathologic conditions associated with

excessive proteolytic cleavage, reversible small molecular inhibitors are usually the preferred option.

In our study 579 compounds from the in-house library were tested for the relative inhibition of cathepsin X. Ki

value was determined for a group of several compounds exhibiting the highest relative inhibition. Binding type,

determined by the washout experiment, showed reversible inhibition of cathepsin X for all new inhibitors.

Inhibitors with the lowest Ki values were further tested for the cathepsin specificity (cathepsins L, H, S and B

exo- and endo-peptidase activity). A reversible and cathepsin X specific inhibitor Z9 with Ki 2.45 ± 0.05 uM

was validated on PC-3 prostate cancer cells and PC-12 pheochromocytoma cells. It showed significant inhibition

of PC-3 migration and PC-12 neurite outgrowth, two processes that are under the control of cathepsin X

carboxypeptidase activity.

 

 

328



P397

SYNTHESIS OF NOVEL

7-(1-AMINOALKYL)PYRAZOLO[1,5-a]PYRIMIDINES AS POTENTIAL

INHIBITORS OF CATHEPSIN K

Nejc Petek, Jurij Svete, Marko Novinec, Bogdan Štefane, Franc Požgan, Uroš Grošelj

Faculty of Chemistry and Chemical Technology, University of Ljubljana, Večna pot 113, SI-1000 Ljubljana, Slovenia

Cathepsin K is a collagenase secreted by osteoclasts, which plays an important role in bone resorption and

therefore in degenerative bone diseases such as osteoporosis. Selective reduction of bone resorption rather than

both resorption and formation is possible by inhibition of cathepsin K. A number of inhibitors have already been

successfully tested as potential drugs for treatment of osteoporosis, with some specificity problems as other

cathepsins can also be inhibited

1

.

Novel pyrazolo[1,5-a]pyrimidines were synthesized and tested for inhibition of cathepsin K. As starting

materials (S)‑amino acids were used, namely glycine, alanine and phenylalanine. Their amine group was

protected with tert-butyloxycarbonyl (Boc) protecting group. They were converted to Weinreb amides and

1,3‑dielectrophilic ynones

2

. 5‑Aminopyrazoles were prepared by cyclisation of ketonitriles with hydrazine

hydrate

3

. Subsequent cyclization of 5‑aminopyrazoles and ynones in methanol at room temperature afforded

pyrazolo[1,5-a]pyrimidines. The products were purified by column chromatography or simple filtration. The

diversity of starting compounds led to pyrazolo[1,5-a]pyrimidines with different side chains. Pyrazolo[1,5‑a
]pyrimidine with an ester group on position 3 was of particular interest. It was hydrolyzed under basic conditions

to carboxylic acid and then transformed into different carboxamides. In some cyclization products Boc

protecting group was removed by acidolysis with HCl in ethyl acetate.

Molecular docking was carried out for all synthesized compounds. Potential binding to the active site of

cathepsin K was found and some of the compounds were tested for inhibition of cathepsin K by

spectrofotometrically measuring the activity of cathepsin K in the presence of substrate and synthesized

pyrazolo[1,5-a]pyrimidines. The resulting data were analyzed and inhibition constants for some compounds

were calculated. The mechanism of action was found to be competitive for all tested pyrazolo[1,5-a]pyrimidines.

The best inhibition was measured for a compound with a free amine group with Ki = 77±5 µM. It represents a

promising lead compound for further development of cathepsin K inhibitors with such structure.
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G protein-coupled receptor GPR84, a G

i

 protein-coupled class A, δ-branch GPCRs that is activated by medium

chain (hydroxy)fatty acids, has gained much attraction due to its significant role in immunological functions.

1

GPCR84 is expressed on leukocytes and its expression in markedly enhanced under various inflammatory

conditions. Thus, it appears to be a promising drug target for inflammatory diseases, and diseases associated with

a dysregulation of immunological processes, such as sepsis, neurodegenerative diseases and cancer.

3,3’-Diindolylmethane (1, DIM)

2

 and 6-octylaminouracil (6-OAU, 2)

3

 were previously identified as small

molecule GPR84 agonists.

2,3

 We have extensively studied the structure-activity relationships (SARs) of both

chemical classes, which interact with different binding sites on the receptor protein.

4,5

To explore the SARs of DIM derivatives at GPR84, we developed an efficient green synthesis for

(un)symmetrically substituted 3,3’-diindolylmethanes derivatives, which allowed a broad variation of the

scaffold.

4,6,7

 Starting from 6-octylaminouracil (2) as a lead molecule, broad structural modification was

performed to improve potency, selectivity and metabolic stability, and develop G

i

 protein-biased agonists.

5

 The

products were evaluated at the human GPR84 in cAMP (a) and β-arrestin (b) assays. For DIMs, the SARs were

steep. DIM bearing small lipophilic residues at the 5- and/or 7-position of the indole rings displayed the highest

activity in cAMP assays, the most potent agonist being di-(5,7-difluoro-1H-indole-3-yl)methane (PSB-16671,

EC

50 

41.3 nM). In β-arrestin assays, SARs were different, indicating biased agonism.

For uracil derivatives, which represent a lipid-like structure, the length of the lipophilic tail attached at the

6-position of the uracil core determined their potency.

5 

Further introduction of an aromatic residue into the

lipophilic tail improved potency. 6-Hexylamino-2,4(1H,3H)-pyrimidinedione (PSB-1584, EC

50 

5.0 nM (a), 3.2

nM (b)) and 6-((p-bromo-phenylethyl)amino)-2,4(1H,3H)-pyrimidinedione (PSB-17365, EC

50

 2.5 nM (a), 100

nM (b)) was found to be the most potent GPR84 agonist showing high efficacy. The new compounds from both

chemical classes (DIMs and uracils) were selective versus related fatty acid receptors and showed high metabolic

stability in comparison to the lead structures.

Based on the uracil core, we developed the first radioligand ([

3

H]PSB-1584) for GPR84, which has allowed

evaluation of the binding affinity of ligands.

8

 Radioligand binding studies clearly showed that DIM derivatives

behave as ago-allosteric ligands, increasing the affinity of the lipid-like uracil derivative and also activating the

receptor by themselves in the absence of a lipid-like agonist.
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The β

1

-adrenergic receptor (β

1

-AR) exists in at least two different agonist conformations:

       1) A primary conformation where endogenous catecholamine agonists and β-blockers bind. Agonist

responses from this conformation are blocked by low concentrations of antagonists.

       2) A secondary conformation, for which the precise nature is unknown. Agonist responses from this

conformation are more resistant to blockade by conventional primary conformation antagonists. (1)

Conventional agonists (e.g. isoprenaline and cimaterol) stimulate a response mainly through the primary

conformation. However, some ligands, such as alprenolol can stimulate agonist responses through both

conformations of the β

1

-AR, though the response mediated through the secondary conformation requires a

higher concentration of ligand. (2) CGP12177 (a prototypical secondary conformation agonist) acts as a high

affinity antagonist at the primary conformation, but mediates an agonist response through the secondary

conformation at higher concentrations. (3)

In order to identify the molecular features that influence the interaction/functional response at both

conformations of the β

1

-AR, a set of alprenolol analogues were synthesised and pharmacologically evaluated. In

this communication, we report the affinity of these analogues for each conformation of the β

1

-AR, determined

via inhibition of cimaterol and CGP12177 responses in CRE-SPAP reporter gene assays using CHO cells stably

expressing the human β

1

-AR.
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Human enterovirus A71 (EV71) belongs to the genus Enterovirus within the family Picornaviridae. EV71 is one

of the major causative agents of hand-foot-and-mouth disease, a generally mild childhood disease, however

particularly for children under the age of six severe cases of the infection can result in fatal neurological

complications. No approved, specific antiviral is available against EV71 to date, although several small

molecules have shown inhibitory activity.

[1]

Heparan sulfate (HS) is a glycosaminoglycan polymer characterized by highly anionic regions that can be found

on the cell surface and in the extracellular matrix of mammals. HS has been suggested to be an attachment

receptor for EV71 on the cell surface.

[2]

 To block the host-cell interaction with the virus, HS and HS mimetic

compounds (polysulfated small molecules) were investigated and found to be active against EV71 infection. A

recent study found that Suramin, an already approved drug with polysulfonated regions, also shows significant

EV71 inhibition by binding the viral capsid protein at its anionic site.

[3]

 These findings suggested that

polyanionic, in particular polysulfated, carbohydrate-based, small molecules could have a strong potential to

block the attachment of EV71 to the host cell surface. 

In our work in this area, a number of polysulfated disaccharides with various functionalities at the anomeric

position have been synthesized and their inhibitory activity against EV71 evaluated in a viral infection assay.

Results show that some compounds have promising activity with improved inhibition compared to Suramin.
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Preeclampsia is multifactorial disorder affecting pregnant women all-around the world. Main symptoms are

hypertension (> 140/90 mmHg) and proteinuria (> 0.3 mg). Pathogenesis of preeclampsia has not been fully

elucidated. There are numeral hypothesis about aetiology. Deficient spiral artery remodelling and abnormal

production and differentiation of trophoblast are surely first steps in development of preeclampsia. Direct

consequence of these failed processes is oxidative stress in placenta.

Placental oxidative stress has a major part in the pathophysiology of gestational syndromes. Oxidative stress

leads to secretion of antiangiogenic factors that mediate maternal endothelial dysfunction and subsequent

preeclampsia symptoms. Gestational hypertensive disorders share many similarities with cardiovascular disease

(endothelial dysfunction and inflammation). Based on these observations, some drugs and treatments for

cardiovascular diseases have been tested in preeclampsia.

Statins, 3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG-CoA) reductase inhibitors are the most frequently

prescribed drugs for prevention of cardiovascular morbidity and mortality via inhibition of de novo cholesterol

synthesis. Additionally statins have pleiotropic effects, including endothelial protection, antioxidant properties,

anti-inflammatory, antithrombotic and proangiogenic. Pravastatin can restore angiogenic balance in rodent

animal model. Usability of pravastatin to restore angiogenic balance (reduction of circulating antiangiogenic

factors) in human and alleviate the severity of preeclampsia have been currently tested in the StAmP trial

(Statins to ameliorate early onset preeclampsia) in the UK.

In our work we tested seven commercially available statins (concentrations 0, 20 and 40 μmol/l) on

mesenchymal stem cells derivated from adipose tissue (AD-MSC) and on cancerous pancreatic cell lines

(BxPC-3, Capan-2, MiaPaCa-2) with goal to set IC50 for tested cell lines (Figure 1). In subsequent experiments,

we are going to test statins on BeWo cells with aim to assess effect of statins on oxidative stress in placenta

during pathological conditions. BeWo cells are a placental cell line that has been widely used as an in vitro 
model for the placenta and for simulation of pathological gestational symptoms, like preeclampsia.

Statins with pleiotropic effects might be efficient therapy to prevent preeclampsia. Prescription of any

medication in pregnancy is undoubtedly risky, hence any therapeutic pharmacological approaches have to be

extensively tested.

This work was supported by the projects UK/95/2018, APVV-15-0217 and VEGA 1/0168/18.
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SAHAquines represent hybrid drugs, developed as a combination of SAHA, an anticancer drug with weak

antiplasmodial activity, and an antiplasmodial agent bearing 8-aminoquinoline or 4-aminoquinoline motifs with

low anticancer activity, i.e. primaquine (PQ), chloroquine (CQ) or mefloquine (MQ). Two generations of

SAHAquines were designed, prepared and biologically evaluated.

In the 1

st

 generation SAHA motif was combined with PQ. The designed hybrid drugs differ in linker length/type

and/or functional groups: compounds 1 are esters, 2 are carboxylic acids, 4 are unsubstituted and 3 and 5 are O
-benzyl and O-methyl substituted hydroxamic acids.

2

nd

 generation of SAHAquines, fumaric acid diamides 6−8 were designed as Michael acceptors. One of the

amide bonds was achieved with a terminal amino group of PQ, CQ or MQ, while the other amide bond was

realized with halogen anilines.

To fully explore the biological potential of SAHAquines, an extensive screening was performed:

antiproliferative (a panel of cancer cell lines), antiplasmodial (both erythrocytic and hepatic stages), antibacterial

(G(+) and G(−) bacteria and several Mycobacterium species) and antiviral (a series of DNA and RNA viruses)

activity was evaluated. So far, results have shown that SAHAquines of the 1

st

 generation exert antiproliferative

and antiplasmodial activity on both erythrocytic and hepatic stages, while the 2

nd

 generation SAHAquines

exhibit significant biofilm eradication capacity. Further testing is in progress.

This work has been fully supported by the Croatian Science Foundation under the project number

IP-09-2014-1501.
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Non-thermal plasma can be applied to live tissues and cells directly and indirectly, and its anticancer effect and

potential selectivity are the subject of many current studies. We tested the effects of the plasma-activated

medium (PAM) on non-cancer and cancer cells in vitro. We used two experimental models; human epithelial

melanoma cells A375 and non cancer human embryonic epithelial kidney cells HEK293T. We studied the effect

of two types of cold atmospheric plasma discharge; streamer corona and transient spark with two different

exposure times (0.5 min/ml and 2 min/ml) to activate the medium. We applied the PAM on cells two hours after

exposure of medium to plasma. We investigated the effects of PAM on cells by metabolic MTT assay and we

studied microscopic changes of the cells confluence, size and shape of cells using light microscopy. The

measurements were made 24 hours and 72 hours after the application of PAM on cells. The results are shown in

figure.

Key words: non-thermal plasma, plasma-activated medium, cancerous cells, non-cancerous cells
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The succinate receptor GPR91 is a metabolite receptor activated by the citric acid intermediate succinate at

micromolar concentrations

1

.  GPR91 is highly expressed in liver, kidney and adipose tissue and mediates

metabolic stress signaling

1-2

, but selective and potent tool compounds are necessary for further investigations of

GPR91 as a potential therapeutic target.

We have previously reported the discovery of non-metabolite GPR91 agonists with excellent selectivity and

moderate activity

3

. We here report our structure-activity investigations and optimizations that have led to

development of nanomolar potent GPR91 agonists.
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The mitochondrial amidoxime reducing component (mARC) is a recently discovered molybdenum-containing

enzyme in mammals. In the presence of NADH and in conjunction with the two electron transport proteins

cytochrome b5 type B (CYB5B) and NADH cytochrome b5 reductase (CYB5R), it catalyzes the reduction of

various N-hydroxylated compounds such as amidoxime prodrugs

[1],[2]

. As the mARC-containing enzyme system

is involved in N-reductive pathways, we expected significantly decreased reductive activity in mice, where the

mARC gene is inactivated. Therefore mARC2 knockout (KO) mice (-/-), generated by the International

Knockout Mice Consortium (IKMC), were characterized by in vivo and in vitro studies. For in vivo studies the

established model substrate benzamidoxime (BAO) was given i.v. to KO and wildtype (WT) mice (+/+). BAO

was proven to act very similar to all so far investigated amidoxime prodrugs (e.g. of pentamidine

[3]

, melagatran

[4]

). For in vitro studies murine tissue homogenates were incubated with different N-hydroxylated and N
-oxygenated compounds. Our in vivo results clearly show that murine mARC2 is mainly responsible for the N
‑reduction of BAO. Additionally, the in vitro studies revealed a significantly decreased reduction of BAO, the N
‑hydroxylated nucleoside N‑hydroxycytidine, an endogenous metabolite, and the N‑hydroxyaminohydrazone

guanoxabenz in the murine KO tissues. Nevertheless, a remaining N‑reductive activity of the KO tissues could

be observed in vivo as well as in vitro. mARC1 might be responsible for these findings, indicating that one

mARC protein can function as a backup enzyme if the dominant protein, which in mice is mARC2, should be

inactive.
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ATAD2 is an epigenetic regulator that binds to chromatin through its bromodomain. It’s overexpression has been

associated with the progression of tumors and poor patient prognosis in various cancer types. However, ATAD2

has been considered as a difficult target, due to a predicted low druggability, and consequently, only a few

inhibitors have been described to date.

(1)

Here we report our medicinal chemistry approach that ultimately led to the discovery of BAY-850, a potent (IC

50

= 166 nM), selective and cell active inhibitor of ATAD2.

(2)

Extensive SAR study allowed the identification of a

cyclohexyl diamine substituent, leading to a substantial potency improvement. The introduction of MeO

substituent on the central phenyl ring was found to improve permeability.
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The main inhibitory neurotransmitter in the mammalian brain is g-aminobutyric acid (GABA, 1)

1

. GABA is

synthesized via decarboxylation of L-glutamic acid by a process catalyzed by the glutamic acid decarboxylase

(GAD)

2

 and metabolized by the GABA-aminotransferase (GABA-AT) enzyme. A decrease in the concentration

of GABA has been associated with several neurological disorders such as Alzheimer's disease

3

, Parkinson's

disease

4

, Huntington´s chroea

5

 and epilepsy

6

.

Administration of GABA peripherally is not effective because GABA, cannot cross the blood-brain barrier

7

, due

to its low lipophilic character. Therefore, several research groups around the world, have been designed GABA

analogues with improved lipophilic character to raise GABA concentration in the brain. (S)-Pregabalin 2, (R
)-Baclofen 3 and Vigabatrin 4 are examples of GABA analogues used in the clinic.

 

Here, we describe the design and synthesis of some new heterocyclic GABA analogs, where the nitrogen atom at

the γ-position forms part of a heterocyclic ring system such as 5a-f, 6a-f, and 7a-f. 

 

All synthesized compounds were evaluated in vitro against the GABA-aminotransferase (GABA-AT) enzyme. 

We found that compound 6b and 7f display 73% and 40% inhibition over the GABA-AT enzyme as compared

with Vigabatrin 4 and sodium valproate 6.
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Backgrounds: Neolignans are a large group polyphenols found in plants and exhibit a wide-range of

bioactivities including cytotoxic, apoptosis inducer, antimalarial, antifungal, acetylcholinesterase, tyrosinase, and

α-glucosidase enzymes inhibitory effects [1].

Aims: In this study we tested acetylcholinesterase (AChE), butyrylcholinesterase (BuChE), tyrosinase, and

α-glucosidase enzymes inhibitory effect of a rare neolignan, (-)-4-O-methyldehydrodiconiyferyl alcohol 9´-O
-β-glucopyranoside (1) in search for new pharmaceutical effects of 1. Enzyme kinetics and molecular modelling

were performed to understand its tyrosinase inhibition mechanism.

Methods: IC

50

 determination and enzyme kinetics studies of 1 were conducted according to the literature

methods [2-4]. Galantamine, kojic acid, and acarbose were used as positive controls, respectively. Possible

allosteric binding sites of mushroom tyrosinase (PDB ID: 2Y9X [5]) were identified using SiteMap and

molecular docking was performed using Glide on extra precision mode (Schrödinger, LLC, NY, 2018) [6].

Results and Conclusions: 1 showed weak inhibition against acetylcholinesterase, butyrylcholinesterase, and

α-glucosidase. However, its inhibitor effect on tyrosinase was as strong as kojic acid, the positive control. An

enzyme kinetics analysis revealed that 1 inhibited tyrosinase in uncompetitive manner. Possible allosteric sites of

mushroom tyrosinase and 1’s binding mode were identified in silico.
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Backgrounds: Epilepsy is a common chronic neurological disorder. Currently available antiepileptic drugs fail

to control one third of the seizures, cause toxicity, and side effects. (Arylalkyl)azoles emerged as a new class of

anticonvulsants with nafimidone and denzimol [1].

Aims: In this study a set of (arylalkyl)azole derivatives in 1-(2,4-dichlorophenyl)-2-(1H-imidazol-1-yl)ethanol

ester structure were designed, synthesized, and their anticonvulsant activities were evaluated in vivo under the

Epilepsy Therapy Screening Program (ETSP) of NIH. Their pharmacokinetic properties and possible

anticonvulsant mechanisms were predicted in silico.

Methods: 4a-e were synthesized by Steglich esterification of 3 with various carboxylic acids in the presence of

DCC and DMAP [2]. Their anticonvulsant identification was performed using 6 Hz and maximal electroshock

(MES) tests in mice via ip route at two time points (0.5 and 2 h) and three doses (30, 100, and 300 mg/kg)

according to the ETSP protocol [3]. Rotorod test was applied to identify neurotoxic effects. A number of

physicochemical and pharmacokinetic properties and descriptors were calculated for 4a-o using QikProp;

molecular docking studies were conducted using GABA

A

R homology model and extra precision Glide

(Schrödinger, LLC, NY, 2018) [4].

Results and Conclusions: All the compounds except 4a were active in at least one of the models, time points,

and doses. 4c was the most promising among the series with protection at 100 mg/kg and 0.5 h against both 6 Hz

and MES induced seizures. Neurotoxicity however was observed for 4b-e at 300 mg/kg. The compounds showed

druglikeness and favourable ADMET properties according to the Qikprop calculations. The active compounds

showed high affinity binding to the benzodiazepine binding site of GABA

A

R model making interactions in line

with the biological data.
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Acetylcholine unfolds its diverse physiological effects by activating G-protein coupled muscarinic acetylcholine

receptors. Five muscarinic subtypes of these class A GPCRs are involved in the regulation of numerous vital

functions like heart rate reduction, smooth muscle contraction or glandula secretion [1]. The M3 muscarinic

acetylcholine receptor (M3R) appears to be an attractive drug target for its modulating role in the autonomic

nervous system. The concept of therapeutic use of M3R antagonism plays an important role in the treatment of

chronic obstructive pulmonary disease (COPD) and overactive bladder. While successfully applying M3R

antagonists for these disease patterns, almost all commonly used therapeutics suffer from the lack of subtype

selectivity most significantly against the M2 muscarinic receptor subtype (M2R), which modulates heart rate

[2,3].

The crystal structures of the M2R and M3R [2,3] provide the starting point of developing novel high affinity and

subtype-selective ligands. Molecular docking and structure-based design were applied to develop antagonists

revealing optimized ligand interactions in the M3R and repulsive interactions in the M2R. In fact, we took

advantage of a single amino-acid difference in their orthosteric binding pockets. The resulting M3R antagonists

show up to 100-fold selectivity towards M3R over M2R in binding assays while a selectivity over 1000-fold was

observed in vivo. Using X-ray crystallography the structure of a novel high-affinity M3 receptor antagonist in

complex with the M3R was determined. Presenting these results, this work underlines the potential of

structure-based drug design to find more subtype-selective drugs with reduced off-target effects.
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Human DNA-topoisomerase II is an ATP-dependent enzyme that plays vital roles in processes of transcription,

replication and chromosome segregation and therefore represents an attractive target in anticancer drug

discovery.

1

 Because of the presence of GHKL ATPase domain, DNA topoisomerase II belongs to the same

protein superfamily as bacterial DNA Gyrase, Hsp90, histidine kinase and MutL proteins.

2

 Based on this fact we

used the biochemical screening of existing ATP-competitive bacterial DNA Gyrase inhibitors library, that is a

product of an extensive research work of our group on discovery of new antibacterial agents,

3–5

 as a starting

point in discovery of new human DNA-topoisomerase inhibitors. Initial screening of approximately 100 bacterial

DNA-gyrase inhibitors resulted in identification of 12 hit compounds, 9 of which contained a common

N-phenylpyrrolamide scaffold that was later used in design and synthesis of new series of human

DNA-topoisomerase II inhibitors. Structure-based optimisation of newly discovered hit compounds led to

synthesis of new series of human DNA topoisomerase II inhibitors. New inhibitors posses significantly lower

molecular weights than original hits which gives them an improved potential for hit-to-lead optimisation.

Cytotoxic activity of novel inhibitors was tested on MCF-7 and HepG2 cancer cell lines and one of the

compounds showed activity comparable to one of etoposide, a clinically successful DNA-topoisomerase II

inhibitor.
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Alzheimer̕ s disease (AD) is a devastating neurodegenerative disorder characterized by a severe, progressive loss

of memory. [1] Currently available drugs for AD are the cholinesterase inhibitors tacrine (THA), donepezil,

rivastigmine, galantamine and the N-methyl-D-aspartate (NMDA) antagonist memantine. [2] Tacrine was the

first inhibitor of acetylcholinesterase (AChE; E.C. 3.1.1.7) to be approved by Food and Drug Administration

(FDA). It was withdraw for its hepatotoxicity. 7‑methoxytacrine (7-MEOTA) was prepared as a

pharmacologically equal active compound with lower toxicity compared to THA. [3]

Memantine (1-aminoadamantane derivate) is an uncompetitive, moderate affinity antagonist of NMDA receptors

that inhibits the pathological functions of NMDA receptors while physiological processes in learning and

memory are unaffected. It has beneficial effects also in other CNS disorders e.g. Parkinson̕ s disease, stroke,

epilepsy. Amantadine, a low-affinity NMDA-receptor blocker, is used in the treatment of Parkinson̕ s disease

and also has antiviral activity. [4]

The synthesis of novel class based on 7-MEOTA and amantadine was synthesized and evaluated for their ability

to inhibit both cholinesterase, AChE and butyrylcholinesterase (BChE, E.C. 3.1.1.8), to counteract Aβ fibril

formation and to act as NMDA receptor antagonists. These compounds could be effective in the treatment of

complex disease such as AD with the respect of their ability to interact with the multiple targets. Within our

contribution, synthesis, biological properties and molecular modeling studies of 7-MEOTA-amantadine series

will be presented. [5,6,7]

This study was supported by grant GA CR No. 17-07585Y given by Grant Agency CR. Authors declare no

conflict of interest.
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Malaria is a third world disease that annually causes around 200 million infections and about half million deaths.

The biggest issue is the rapid development of resistance to all newly approved medicines, which means that

malaria is still an incurable disease. The main cause of infection is the Plasmodium falciparum parasite, which

can be transmitted through mosquitoes of the Anopheles type.

Plasmodium falciparum dihydroorotate dehydrogenase (PfDHODH), a fourth enzyme in the de novo pyrimidine

biosynthesis pathway has emerged as a promising target for antimalarial drugs. PfDHODH is located on the

outer side of the inner mitochondrial membrane and catalyzes the conversion of dihydroorotate to orotate. The

reaction requires two cofactors, a flavinmononucleotide (FMN), which is needed for the oxidation of

dihydroorotate and ubiquinone, a terminal electron acceptor, necessary for the reoxidation the FMN.

In Plasmodium falciparum the path of de novo pyrimidine biosynthesis is the only source of pyrimidine

production, whereas in humans this biosynthetic pathway is only one of the sources of pyrimidines, which

makes PfDHODH a promising target. Studies have shown that PfDHODH inhibition leads to parasite death.

In an effort to discover new and potent PfDHODH inhibitors, a number of different compounds were virtually

tested using the Schrödinger Glide molecular docking program. The best results were obtained with two types of

compounds, bicyclic 3-pyrazolidinones and theophylline-7-acetamides. Bicyclic 3-pyrazolidinones were

prepared by a microwave-assisted three-component reaction between a 3-pyrazolidinone, an aldehyde, and an

acrylate via formation of an azomethine imine, followed by 1,3-dipolar cycloaddition. Teophylline-7-acetamides

were prepared by condensation of easily available theophylline 7-acetic acid with α-amino esters, followed by

hydrolysis of the ester group.

The recombinant enzyme PfDHODH was expressed by DH5α E. coli cells. After the expression the enzyme was

isolated and purified with nickel affinity chromatography.

The assays of biological activity were performed by measuring the absorbance of the colorimetric substrate

dichlorophenolindophenol (DCIP). Results show IC

50 

values for compounds 1–4 in the range of low μM

concentrations (Figure 1).

Figure 1. Compounds with the most promising results

The selectivity against Homo sapiens dihidroorotate dehydrogenase (HsDHODH) was tested. Bicyclic

3‑pyrazolidinones show better selectivity compared to teophylline-7-acetamides.
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Covalent inhibitors play important role in drug discovery and therapeutics. About 30% of marketed drugs are

covalent inhibitors, ranging from obesity to cancer.

1

 The toxicity of covalent inhibitors is a major concern, but

the advantages provided by them offer a large opportunity of exploring them even further. There are different

warheads that act as covalent inhibitors, for example α,β-unsaturated carbonyl, epoxide, β-lactam, β-lactone,

halomethyl, α-keto derivatives, etc.

2

 Multi-component reactions are powerful tools that can be used to synthesize

covalent inhibitors. This work focused on synthesizing α,β-unsaturated carbonyl compounds, a Michael acceptor

that binds covalently towards cysteine residue, through multi-component reactions.
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Fast excitatory synaptic transmission in the CNS relies almost entirely on the neurotransmitter glutamate and its

family of ion ligand-gated channel receptors (iGluRs). The family of iGluRs is divided into three functionally

distinct subclasses: NMDA, AMPA and kainate receptors. Structurally, AMPA-receptors are cation-selective

tetrameric heterooligomers formed by combinations of the highly homologous subunits GluA1-4, while kainate

receptors are tetrameric assemblies of GluK1-5 subunits. 

The present project is a continuation of earlier studies on potent and selective competitive AMPA and/or KA

receptors ligands among phenylalanine derivatives.

[1-3] 

In the design process, a series of molecular docking

experiments to recently published X-ray structures of the glutamate ionotropic receptors binding sites was

performed for a set of compounds with a general structure based on the biphenylalanine scaffold and substituted

with the aryl/alkyl amine group at the 5-position of the phenylalanine ring. The influence of the amine

substituent structure (length of the alkyl chain, presence of branched chains or aromatic groups) on the observed

docking scores as well as an expected affinity and subtype-selectivity of ligands was intensively studied. On the

basis of docking results the most promising compounds, presenting the best docking score function values, were

selected to further synthetic studies. A method of their synthesis was developed, using as the key step the

Buchwald cross-coupling reaction. The optimization of chemical conditions (palladium catalyst, base, solvent as

well as the temperature and time of the reaction) applied to the Buchwald reaction was performed. In the present

work both the docking-based design and synthesis of selected amino acids is reported.
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Monoamine oxidases are mammalian flavoenzymes responsable for regulation of amine neurotransmiter levels.

This enzymes represent main pharmacological target for threatment of depression and neurodegenerative

diseases. Two isoform of this enzyme are present in human body, MAO A and MAO B, which share about 70%

of the identity in the primary sequence, but show significant differences in substrate selectivity and inhibitor

specificity and in particular. [1] Focus of this work are selective irreversible inhibitors of MAO B, selegiline and

rasagiline, widely used in treatment of symptoms of Parkinson and Alzheimer disease. Both inhibitors form

covalent bond with organic cofactor flavin adenine dinucleotide (FAD). In that way they prevent MAO B

enzyme's further catalytic activity.

Here, we used a molecular dynamics (MD) simulations, to simulate 300 ns of interaction of MAO B with both

inhibitors. It is shown that Tyr398 and Tyr435 form aromatic cage responsable for interaction with aromatic part

of inhibitor. Ile199 is characterized as structurally responsible for the selectivity of the inhibitor, which confirms

the experimentally obtained results. [2] Aromatic interactions of the inhibitors with the aromatic cage amino

acids as well as the hydrogen bonds between the inhibitors and the flavin cofactor carbonyl oxygen O8 orient the

inhibitors in a favorable position for the reaction leading to covalent binding of the FAD inhibitor. Using

MM-PBSA tools, free binding energy values were obtained. The results show that selegiline binds better than

rasagiline by 1.4 kcal/mol which is consistent with experimental IC

50

 values. [3]

Quantum-chemical analysis within the enzyme cluster model showed that MAO inhibition proceeds troughtthe

4-step reaction, with the first step determining the total reaction rate, in which FAD cleaves the hydride ion from

the α-methylene group of the substrate in complete analogy with the MAO catalytic mechanism. [4] The

resulting reaction profiles and the final structure inhibited by the enzyme are in excellent agreement with the

experimental data.

The results obtained are of great importance for the development of new and more effective MAO B inhibitors

for clinical use.
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A new collection of structurally optimized compounds addressing central nervous system (CNS) diseases, which

have been recently licensed, is now available in the BIONET collection. This screening collection with

experimentally-determined bioactivity, ADME and bioavailability will address the need of new, robust, and

multipotent small molecules for the treatment and diagnosis of CNS diseases, such as Parkinson ́s disease,

Alzheimer ́s disease, dementia and/or other neurodegenerative diseases [1–3].

The neuroprotective effects and the induction of the neurite network outgrowth of the most promising

compounds have been investigated. These effects are associated with a good BBB penetration that was

confirmed in several in vitro assays. To investigate the multiple mode of action of this set of compounds, we

applied a combined X-ray/modelling platform, which is also discussed.

In addition, the compounds are easily accessible and offer the possibility of broad structural diversities in order

to further explore the chemical space within further biological screening on relevant CNS targets. This poster

will summarize the potential of this next generation compounds that are available for further screening by

prospective licensees and elaboration for CNS disease treatment [4].

 

 

 

References

1) Tzvetkov et al. J. Med. Chem., 2014, 57(15), 6679–6703.

2) Tzevtkov et al. Eur. J. Med. Chem., 2017, 127, 470–492.

3) Tzvetkov PCT Int. Appl. 2014/107771.

4) www.keyorganics.net

P420

DESIGN, SYNTHESIS AND IN VITRO TESTING OF PYRAZOLE

BASED INHIBITORS OF PLASMODIUM FALCIPARUM

DIHYDROOROTATE DEHYDROGENASE

Luka Vah (1), Jernej Wagger (2), Marko Novinc (1), Jurij Svete (1)

1) Faculty of Chemistry and Chemical Technology, University of Ljubljana, Večna pot 113, 1000 Ljubljana
2) Lek Pharmaceuticals d.d., ChemOps Menges, Kolodvorska 27, 1234 Mengeš

Malaria is an everlasting problem in the tropical region. Although there are several drugs in practical use

nowadays, there is an ongoing problem of developing resistance towards these therapies. Therefore a constant

development of new therapheutic drugs is needed.

1

Design of our molecules was based on methylene malonates that were already proven in the past as  inhibititors

of PfDHODH.

2 

This is an enzyme essetnial for the de novo biosynthesis of pyrimidines used in the nucleic acid

biosynthesis in Plasmodium Falciparum. The rationale behind our design was to prepare comformationally more

rigid scaffolds with aromatic lipophilic moeties protruding in different directions of active site. Molecular

docking was used as an assisting tool for the design of our compounds. Designed compounds were prepared

using enaminone based synthesis.

3  

All compounds tested in vitro on isolated PfDHOD showed moderate to good inhibition. Compound with the

biggest inhibition potential was ethyl 5-hydroxy-1-(naphthalen-2-yl)-1H-pyrazole-4-carboxylate. Inhibiton was

above 70% with IC

50

=200±30 µM.
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Isolating active pharmaceutical ingredients from excipients can be challenging especially in complex

pharmaceutical formulations. Researchers with such challenging samples frequently use multidimensional

systems to separate analytes of interest from other components. While the use of such systems is normally

sufficient, the setup may not always be available or practical. In this study we demonstrate the use of a

microscale analytical fraction collector in conjunction with an ultra-high pressure liquid chromatography/mass

spectrometry system to purify,  separate and identify several components of a model complex pharmaceutical

formulation.  

 

An over-the-counter cold and cough syrup (DayQuil) was used as a model complex pharmaceutical formulation

in this work. The challenges of performing fractionation in a complex matrix is highlighted in this study.

Multiple modes of fraction collection will be demonstrated showing the benefits of using mass directed

collection of fractions.
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Cleaning validation is a vital part of Quality Control (QC) workflow and is defined as the process of providing

documented evidence that the cleaning methods employed within a facility consistently controls potential

carryover of product (including intermediates and impurities), cleaning agents and extraneous material into

subsequent product to a level which is below predetermined levels.

Cleaning validation is a required activity within the pharmaceutical, biological, nutritional supplement and

medical device industries. From both a regulatory and industry standpoint, cleaning validation is recognised as

an important activity to establish that product cross-contamination is controlled to ensure patient safety and

product quality.

Two analytical methods predominate cleaning validation analysis i.e HPLC/UV which is limited to chromophore

containing compounds, and TOC (Total Organic Carbon) which will detect any source of carbon but is not

specific and therefore anomalous results are required to be submitted for further testing i.e. LC/MS

Here we discuss MS based strategies for cleaning validation. The Waters Acquity UPLC H-Class coupled to a

Waters Acquity QDa mass detector provides a robust, sensitive and specific methodology. A more rapid and

convenient analysis methodology was also evaluated using DART (IonSense, Saugus, MA, USA) coupled to a

QDa, which offers a direct ambient ionisation sampling technique with little or no sample prep required.

Both approaches will be evaluated for speed, efficiency, and also sensitivity to ensure sufficiently low levels of

quantitation are being reached to ensure industry vessels etc are sufficiently clean.
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TLC is a simple and convenient tool for monitoring classical organic syntheses. Standardized HPTLC may

additionally provide reliable analytical endpoints and significantly improved separation. Using mass detection in

combination with HPTLC allows for structure confirmation.

The CAMAG TLC-MS Interface 2 is used to directly elute target zones from the HPTLC plate into the Waters

ACQUITY QDa® mass detector. A second confirmation can be achieved by recording the UV spectra with the

TLC scanner. This work shows a generic method for the identification of synthetic products with HPTLC-MS,

using the in-process synthesis and quality control s ergoline psychedelics as an example.
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The diagnostic ultrasound, or ultrasonography, represents a method that uses high-frequency sound waves to

produce images of structures within the body. In the last decades, a great interest has been focused on the use of

ultrasound irradiation not only as a diagnostic tool but also as external stimuli to trigger the release of bioactive

compounds from specific carriers [1]. Herein, organic-inorganic microparticles able to carry a model drug,

doxorubicin, control the release and be detectable upon ultrasound application were developed.

The particles with dimension in the range 50-100mm are based on iron zerovalent magnetic core stabilised by

low molecular weight chitosan adsorbed on the surface. Amount of doxorubicin per 1 mg of zero-valent iron

carriers is 0.179 mg.

Release studies demonstrate the capability to trigger and control the release of doxorubicin in simulated

physiological conditions by varying the intensity of the ultrasonic irradiation. It is supposed to reduce the

toxicity of doxorubicin and increase its concentration at the target site.

The possibility to detect the microparticles using ultrasound was investigated ex-vivo using Sus Domesticus

liver. A stock solution of bare microparticles was injected in a designed site of the organ and subjected to

ultrasound using a linear array transducer. As a result at the site of administration of the microparticles solution

contrasting was observed on the echogram.
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O-GlcNAc transferase (OGT) is an essential mammalian enzyme involved in the dynamic O-GlcNAcylation of

cytosolic and nuclear proteins. Through catalyzing the attachment of N-acetylglucosamine to specific serines and

threonines of proteins, OGT is associated with numerous biological processes such as transcription, the cell cycle

progression, the stress response and nutrient sensing.

1,2,3,4,5 

In metabolic diseases like cancer and diabetes,

increase of various metabolic products like glucose into the cell alters the production of UDP-GlcNAc through

the hexosamine biosynthetic pathway. This promotes O-GlcNAcylation since OGT is highly sensitive to

intracellular UDP-GlcNAc levels.

6,7,8,9

To identify fragments targeting the donor UDP site, we have conducted a structure-based virtual screening in a

fragment library containing more than 216,000 molecules. Among virtual hits, seven compounds contained the

same scaffolds as they were all quinolone-4-carboxamides. A common feature of these molecules is that in the

predicted binding mode the quinolone ring is anchored in the uridine binding site of OGT and the additional

carboxamides point to the diphosphate binding site.

To further explore this finding, a series of 22 fragments carrying diverse carboxamides was prepared. The

synthesis was conducted by coupling 2-hydroxyquinoline-4-carboxylic acid with various amines using

EDC/HOBt to effect the coupling. The inhibitory potency of these compounds on OGT activity was measured

using the UDP-Glo assay and several fragments were found to inhibit OGT activity. The most potent fragments

were conjugated by short peptide with intent to reach improved synergy effect of the two component hybrid

inhibitor.
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Potassium-competitive acid blockers (P-CABs) inhibit H

+

/K

+

-ATPase of the stomach in a similar manner to that

of proton pump inhibitors (PPIs). Unlike PPIs, P-CABs bind reversibly to the H

+

/K

+

-ATPase without a change

of their chemical structure, and inhibit acid secretion even in the resting state of the proton pump. Therefore,

P-CABs are superior to PPIs in the rapidity, persistence and convenience of treatment and are being developed

as next-generation therapy for the gastrointestinal disease.

Herein, we synthesized 7-amino-1H-indole derivatives (I) and imidazo[1,2-a]pyridine derivatives (II) as novel

and potent H

+

/K

+

-ATPase inhibitors, and evaluated their inhibitory activities against H

+

/K

+

-ATPase and other

pharmacological properties. Modification with structure-activity relationship study yielded JP-1366, which is

more potent than vonoprazan (TAK-438) and is best-in-class in the area of PCABs. It showed excellent activity

at in-vitro enzymatic assay (IC

50

 = 16.7 nM) and in-vivo assay in a histamine-stimulated gastric acid secretion in

pylorus-ligated rat (ED

50

 = 0.66 mg/kg) and a gastroesophageal reflux disease (GERD) animal model (ED

50

 =

0.53 mg/kg). Fast onset time and long-term activity were confirmed in a lumen perfused rate (LPR) model and

heidenhain pouch dog (HPD) model. Pharmacokinetic studies of rat and dog showed good profiles (rat, C

max

:

389 ng/ml, t

1/2

: 2.6 hr; dog, C

max

: 4,530 ng/ml, t

1/2

: 5.6 hr). HepG2 cytotoxicity assay, hERG assay, and Ames

tests showed no toxicity. Based on the efficacy, safety pharmacology and toxicity studies, JP-1366 is selected as

a clinical candidate, and currently, its phase I clinical trial is underway.
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Quinone and naphthoquinones moieties are present in many drugs used for the treatment of different pathologies

like cancer and neurodegenerative diseases.

1

 One of the most important synthetic precursors in the Medicinal

Chemistry field is 2,3-dichloronaphthalen-1,4-dione (1, Dichlone). This is a small synthetic quinone molecule,

which contains two chlorine atoms in position 2 and 3 of the quinone structure. The substitution of one of the

chlorine atoms confer dichlone derivatives diverse biological activity.

1–3

Dichlone has been used as an insecticide and larvicide for specific mosquito species, It is not know the molecular

target underlying this action, but one possibility is that dichlone acts on insect cholinesterase.

We began studying the possibility that dichlone derivatives interact with acetyl and butyrylcholinesterase

enzymes (AChE, BuChE), to assess differential activity and selectivity of these compounds. Here we report the

synthesis of a new series of dichlone amino acid derivatives (3) as potential inhibitors of AChE, by a

nucleophilic substitution reaction under mild reaction conditions. The synthesis was carried out considering that

inhibitors must bear a central aromatic ring system that interacts in the active site to meet structural

requirements.

4-6

. The isolated products were obtained with good yields (75 – 85 %) and were characterized by

spectroscopic techniques (

1

H-NMR, 

13

C-NMR, IR, MS)

We also studied the potential cytotoxic activity of these compounds on Schneider 2 (S2) insect cells, which

could be explained by an action on the cholinesterase enzyme. S2 is a cell line derived from fly Drosophila
melanogaster (Dm) embryos. Dm is a worldwide insect model used to identify molecular targets of new

chemicals with insecticide potential activity, manipulate insecticide resistance genes, and also to investigate the

interactions between ligands and proteins.

Finally, to determine the possible interaction between the compounds and Drosophila AChE (DmAChE)

docking studies were performed (DmAChE PDB code 1DX4). The docked compounds were stabilized in the

cavity through different types of interactions including hydrogens bonds and π-π stacking interactions. In silico 
assays were used to estimate the binding energy and inhibition constant of these compounds.

Our data suggest that some moieties enhance cytotoxic properties of the dichlone derivatives in the nano and

micromolar range.
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Factor Xa (FXa) plays a key role in haemostasis, it is a central part of the blood coagulation cascade which

catalyzes the production of thrombin and leads to clot formation and wound closure. Clotting is a sequential

process that involves the interaction of coagulation factors. Therefore, FXa is a focus target for the development

anticoagulants due to its central position in the blood coagulation cascade.

1

 FXa has emerged as an attractive

target for developing safer anticoagulant drugs. Inhibition of FXa should prevent the production of new thrombin

without affecting its basal level, ensuring primary haemostasis, unlike injectable heparins or the most commonly

used oral anticoagulant in the US, such warfarin.

In this work novel arylazides were synthesized incorporating a lactamic ring (1) with different heteroatoms in

position 4 as starting materials for the new derivatives. The pharmacophore fragment of these compounds was

considered essential to achieve the FXa inhibitor activity.

2 

From the arylazides synthesized in the first step, a

series of triazoles (3) were prepared using copper nanoparticles as catalyst, to obtain 1,2,3-triazoles product of

the dipolar cycloaddition

3 

by using a variety of terminal alkynes with good yields (70-85%).

In our research using the computational tools allows us to develop new synthetic ligands to interact with high

specificity with the S1 and S4 pockets enzyme. The aryl lactam core present favorable π- π interactions with the

S4 pocket and hydrophobic interactions produce by the aliphatic chain with residues GLY193, GLN192,

CYS191, ALA190, ASP189, VAL213, SER214 and TRP215 present in S1 pocket.

Moreover, FXa inhibition assays were performed in order to obtain the IC

50

 values of the corresponding new

derivatives.
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Nace Zidar (1), Martina Durcik (1), Skok Žiga (1), Cristina Durante Cruz (2), Päivi Tammela (2), Tihomir

Tomašič (1), Gábor Draskovits (3), Ákos Nyerges (3), Csaba Pál (3), Janez Ilaš (1), Lucija Peterlin Mašič

(1), Danijel Kikelj (1)

1) Faculty of Pharmacy, University of Ljubljana, Aškerčeva cesta 7, 1000 Ljubljana, Slovenia
2) Division of Pharmaceutical Biosciences, Faculty of Pharmacy, University of Helsinki, P.O. Box 56 (Viikinkaari 5 E),

00014 Helsinki, Finland
3) Synthetic and Systems Biology Unit, Institute of Biochemistry, Biological Research Centre of the Hungarian Academy of

Sciences, Szeged H-6726, Hungary

Today, we are increasingly faced with life-threatening infections due to resistant Gram-positive and

Gram-negative pathogens. The ATP binding site located on the subunit B of DNA gyrase is an attractive target

for the development of new antibacterial agents. In recent decades, several small-molecule inhibitor classes have

been discovered but none has so far reached the market.

Using structure-based design starting from the recently determined crystal structure of the N
-phenyl-4,5-dibromopyrrolamide inhibitor-DNA gyrase B complex,

1

 we have prepared a series of improved N
-phenylpyrrolamides and evaluated them against DNA gyrase and topoisomerase IV from Escherichia coli and 

Staphylococcus aureus. IC

50 

values for the most potent compounds were in the low nanomolar range. Minimum

inhibitory concentrations (MICs) against Gram-positive and selected Gram-negative bacteria were in the low

micromolar range. The oxadiazolone derivative 11a, with an IC

50

 value of 85 nM against E. coli DNA gyrase

displayed MIC values of 1.56 µM against Enterococcus faecalis, and 3.13 µM against wild type S. aureus,

methicillin-resistant S. aureus (MRSA) and vancomycin-resistant Enterococcus (VRE). The activity against wild

type E. coli in the presence of efflux pump inhibitor phenylalanine-arginine β-naphthylamide (PAβN) was 4.6

µM.

2-4

Figure. a) Docking binding mode of the representative N-phenylpyrrolamide 11a coloured according to the atom

chemical type (C, orange; N, blue; O, red; Cl, green) in the ATP binding site of E. coli GyrB (in grey, PDB code:

4DUH). The water molecule is presented as a red sphere.; b) Structure of 11a, and its inhibitory activities on

DNA gyrase and selected bacterial strains.
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Currently one of the hot topics in drug discovery is design of allosteric modulators of GPCRs instead of

orthosteric ligands. The allosteric mode of action brings several advantages, e.g. ceiling effect preventing

overdosage, high receptor selectivity, and even activation pathway selectivity which may in consequence lead to

safer and more efficient drugs.

The aim of our studies was to construct homology models of human D

2LONG

 receptor (the isoform including long

intracellular loop 3, IL3) in active conformation in complex with G

i1

 or G

i2 

protein and to use these models to

investigate their interaction with dopamine and a recently reported D

2

 receptor positive allosteric modulator,

PAM (see below) [1]. The studied racemic compound acts as a PAM of the rat and human dopamine D

2

 and D

3

receptors. The R isomer did not directly stimulate the dopamine D

2

 receptor but potentiated the effects of

dopamine. In contrast the S isomer attenuated the effects of the PAM and the effects of dopamine (displayed

negative allosteric modulator, NAM properties) [1].

 

 

The homology models of D

2LONG

 receptor in complex with respective G proteins were built using Modeller

applying the X-ray structures of β

2

 adrenergic receptor in complex with G

s

 (PDB ID: 3SN6) as a template for

helix bundle and G proteins, as well as X-ray structures of dopamine D

2, 

D

3

 and D

4

 receptors in inactive

conformation (PDB ID: 6CM4, 3PBL and 5WIU, respectively) as additional templates. Yasara software was used

to generate a long receptor IL3 loop, consisting of 139 residues which was refined using Modeller based on its

predicted secondary structure. Dopamine was docked to the receptor models using induced-fit docking approach

of Schrödinger software while enantiomers of a modulator were docked using Surflex incorporated in Sybyl.

Molecular dynamics simulations using Gromacs were performed to study the effect of the ligands on the receptor.

To properly simulate subtle allosteric effects, emphasis on native-like conditions was put. For this purpose, the

active-state models with G proteins were immersed in an asymmetrical membrane composed of 8 types of lipids

in proportions appropriate to membrane rafts. Amber force field was used to describe the interactions of protein

and ligands while the Slipids were used to describe the cell membrane. The trajectories were analyzed using the 
Principal Component Analysis and Mutual Information methods.
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Fragment-based drug discovery (FBDD) is a widespread approach leading discovery for over 20 years in

academia and industry.

1

 This approach usually defines fragments that contain less than 20 non-hydrogen atoms,

resulting in an efficient move from lead-like to drug-like compounds. A crucial aspect of FBDD is the design of

a fragment library. Currently, the prominence of fragment libraries depends on the better coverage of the novel

chemical space.

Properly designed libraries, with more complex fragments (typically 3D small molecules) can reduce the rate of

false positives and provide excellent starting points for drug discovery programs. The rationale is that scaffolds

with a three-dimensional character have better chances of binding to biological targets. This comes from the

simple observation that all natural products, i.e. biologically relevant proteins and their ligands, are chiral and

three-dimensional.

SpiroChem designs readily-available sp

3

-enriched fragment libraries to support Life Sciences companies in

exploring new chemical spaces and generating IP-protected starting points for drug design. This Library is

unique and freely accessible to other chemical spaces. All the compounds were specifically designed using

chemical informatics tools to optimize the properties (lop P, sp3 , pKa, ….).
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Antibody-drug conjugates (ADCs) have been developed to deliver cytotoxic agents to tumors and have the

potential for increased clinical benefit to cancer patients. One of the major drawbacks of ACDs is the tendency to

form aggregates which is due to the inherent property of high molecule weight antibodies. The coupling of

hydrophobic toxins onto the monoclonal antibodies renders the ADCs more easily to form aggregates. To

overcome this issue, we incorporated highly hydrophilic sugar amino acids into linkers and MHT-71 was

generated as one of the promising linker-toxins and used to conjugate to various monoclonal antibodies. The

EGFR-targeting Erbitux-MHT-71 was prepared and characterized with D-ribose derived sugar amino acid to

enhance the hydrophilicity and cathepsin B cleavable Val-Cit linkage to release the auristatins payload. The

average DAR of Erbitux-MHT-71 was within 3.5~4. The in vitro cytotoxicity assay results showed that the

general IC[50] of Erbitux-MHT-71 is below 0.1 nM in FaDu (HNSCC cell line) and several esophageal

squamous cancer cell lines such as KYSE510, KYSE150 and KYSE30. Erbitux-MHT-71 was stable in rat and

human plasma and less than 5% of toxin leaking after incubation for 3 days. The PK profile of Erbitux-MHT-71

was similar to Erbitux in rat. In mouse xenograft tumor models (FaDu and KYSE 30), Erbitux-MHT-71 showed

impressive efficacy in tumor growth inhibition after a single intravenous dose of 5 mg/kg. In conclusion,

Erbitux-MHT-71 having highly hydrophilic sugar amino acid moiety could enhance several properties including

solubility, conjugation efficiency, stability, and efficacy.
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CC chemokine receptor 2 (CCR2) is a class A G protein-coupled receptor (GPCR) that plays a key role in the

migration of leukocytes to sites of inflammation. As such, CCR2 represents a potential drug target in many

inflammatory and immune diseases, such as atherosclerosis, multiple sclerosis and cancer. Yet all CCR2

antagonists developed so far have failed in clinical trials due to lack of efficacy. This makes the development of

novel tools and concepts necessary to better study drug receptor pharmacology in early drug discovery phases.

In this regard, the recent crystal structure of CCR2 has suggested a new manner of pharmaceutical intervention,

i.e. using intracellular allosteric modulators.

1

 In addition, irreversible or covalent probes represent important

pharmacological tools that allow a variety of applications: study of drug-target binding kinetics, assist in target

crystallization or study of in vivotarget localization, among others. Thus, we aimed to develop and characterize

an intracellular covalent probe for CCR2, as this might lead to the development of a new pharmacological tool

for this receptor.

Based on the structure of a known CCR2 intracellular ligand, SD-24, we designed and synthesized several

potential covalent ligands by incorporating different electrophilic groups as reactive warheads. Next, a

combination of radioligand binding and functional assays allowed us to identify compound LUF7591 as an

intracellular covalent binder for CCR2. In addition, in silico modeling followed by site-directed mutagenesis of

CCR2 confirmed that LUF7591 binds to the intracellular pocket of CCR2, where a cysteine residue appears to be

the target amino acid for the irreversible interaction.

To conclude, we report the design, pharmacological characterization and binding mode of LUF7591, a first

covalent probe for CCR2. This tool compound might represent a promising approach to further study CCR2,

both in vitro and in vivo.
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The hypothesis that states a relationship between non-ionotropic activity of the α7 nicotinic acetylcholine

receptor (nAChR) and its desensitized states is an emerging research topic. The ability of a new class of

compounds, defined as "silent agonists", to stabilize the desensitized states of the α7 nicotinic acetylcholine

receptor engendering anti-inflammatory responses, most likely via a metabotropic mechanism, would seem to

confirm that hypothesis (1). In this study, we dissected the exemplary compound NS6740 (2)

((1,4-Diazabicyclo[3.2.2]-non-4-yl[5-[3-(trifluoromethyl)phenyl]-2-furanyl]methanone)), the most potent

desensitizing agent for the α7 nAChR, characterized by both profound desensitization and relatively long term

binding to the receptor. NS6740 shows promising anti-inflammatory activity, both in vitro and in vivo, in a

mouse model of chronic pain and inflammation (3,4). In particular, we explored the role of the meta

trifluoromethyl substituent of the phenyl ring in inducing the silent agonist binding mode. Compounds MCP5,

MCP6, MCP7, MCP8 were prepared by introducing halogen atoms, i.e. fluorine, chlorine, bromine, iodine with

increasing size in the meta position of the phenyl ring; MCP18, instead, showed the original trifluromethyl group

moved on para position (Figure 1). 

 

 

                                    Figure 1. Structures of NS6740 and the newly synthesized derivatives.

Two-electrode voltage clamping was employed to assess the electrophysiological profile of the newly

synthesized compounds. Each experiment was conducted with 10 μM of drug, 60μM ACh pre- and post-control,

and an application of 10 μM of the type-II positive allosteric modulator, PNU-120596 to evaluate the induction of

PAM-sensitive desensitization (5). Taken together, our data suggest the meta trifluoromethyl group has a crucial

role in minimizing the partial agonist behavior. Moreover, we found that the ability to stabilize the desensitized

states of the α7 nAChR is preserved when trifluoromethyl is replaced by halogen atoms. When the CF

3

 group is

moved on para position, the desensitizing activity is compromised, suggesting the meta substitution is strictly

required.
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Enterococcus faecium is an important nosocmial pathogen. The emergence of multidrug-resistant strains has

resulted in E. faecium infections that are increasingly difficult to treat. The most serious of these is

vancomycin-resistant E. faecium and the treatment for these infections usually relies on last-line antibiotics

linezolid and daptomycin. However resistance to these last-line treatments has been reported

1,2

 and as such there

is an urgent need for new antibacterial agents to combat the increasing prevalence of multidrug-resistant

enterococcal infections.

Recently, a novel antibiotic drug class of 1,2,4-oxadiazole compounds has been discovered that exhibit

considerable activity against several clinically important pathogens.

3

 Here we show that compound Oxd from the

novel antibiotic class is active against a range of E. faecium strains, including against isolates that display

nonsusceptibility to vancomycin and daptomycin.

4

 The oxadiazole compound showed rapid bactericidal activity

in time-kill assays and is superior to daptomycin in its ability to kill E. faecium. The 1,2,4-oxadiazole also

worked synergistically with daptomycin to improve both its MIC and killing efficiency against non-susceptible

isolates. The 1,2,4-oxadiazole antibiotics hold promise in the development of effective treatments for

multidrug-resistant E. faecium infections.
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Proper GABAergic transmission trough Cl

-

permeable GABA

A

 receptors is fundamental for physiological brain

development and function. Indeed, defective GABAergic signaling, due to a high ratio of the expression of the

Cl

-

 importer NKCC1 and Cl

-

 exporter KCC2, has been implicated in several neurodevelopmental disorders

including Down Syndrome (DS). Interestingly, NKCC1 inhibition by the FDA-approved diuretic bumetanide

reverts cognitive deficits in DS mice

1

 as well other core symptoms in several neurodevelopmental disorders

2

.

However, the required chronic treatment with bumetanide is burdened by its diuretic side effects caused by the

antagonization of the kidney Cl

-

 importer NKCC2, which jeopardizes drug compliance and leads to

hypokalemia. In order to solve these drawbacks, we seek to find novel potent and selective NKCC1 inhibitors,

devoid of diuretic activity. Starting from bumetanide’s structure, we applied a ligand-based approach to design

new molecular entities that we tested in vitro for their capacity to selectively block NKCC1. Extensive synthetic

efforts as well as structure-activity analyses aided to improve in vitro potency, efficacy, and drug-like properties

of the initially identified chemical scaffolds. As a result, a few compounds emerged for their activity to inhibit

NKCC1 in cultured neurons. In particular, one showed excellent solubility and metabolic stability in vitro. This

lead compound proved to be effective also on NKCC1 inhibition in vivo, showing the recovery of cognitive

deficits in a mouse model of DS.  Moreover, mice systemically treated with this NKCC1 inhibitor revealed no

significant diuretic effect. Herein, the main pharmacological features of this new molecular entity will be

discussed. Our results indicate that a selective NKCC1 inhibitor devoid of the diuretic effect could represent a

suitable and solid therapeutic strategy for the treatment of Down syndrome and all the brain disorders with

depolarizing GABAergic transmission.  
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