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Synthesis of substances with high anti-cancer and anti-parasitic activity
based on a new type of reactivity of aliphatic nitro compounds

Aksenov A.V.}, Aksenov N.A.}, Aksenov D.A.' and Rubin M.?

IDepartment of Chemistry, North Caucasus Federal University, 355009, Russian Federation,
Stavropol, Pushkin St., 1a
2Department of Chemistry, Kansas University, 66045, United States, Lawrence, Kansas,
Wescoe Hall Drive, 1251

Creating new classes of drugs is an urgent task, the solution of which involves a significant
number of research teams. A special place is intended to search for new molecular scaffolds
on base of which anticancer drugs can be found and more effective ways of synthesizing
already known structures with anticancer activity.

Recently, among the new synthetic methods of great importance can be distinguished:
metalfree C-H -functionalization, transannulation, ring economy - processes. this report is
devoted to the development of such methodologies in combination with the methodology
of “smart reaction medium”, which is being successfully developed in our laboratory.
It includes the development of synthetic methods based on the reaction of indoles with
unsaturated nitro compounds and nitroalkanes. Based on this methodology, it was possible
to obtain a large number of compounds with high anticancer activity, and a number of
substances exhibit a rare property — reverse differentiation. Some compounds have
antiparasitic activity against leishmaniasis.

This work was supported by the Russian Science Foundation Ne 18-13-00238.
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Selective Inhibitors of BET-Proteins as Epigenetic Strategy in Oncology
Voitovich Iu.V.1_ Combes S.%, Morelli X.?, and Fedorov A.Yu.!

IDepartment of organic chemistry, N.I. Lobachevsky Nizhny Novgorod State University,
603950 Russian Federation,Nizhny Novgorod, Gagarin avenue, 23
2CRCM, CNRS, Inserm, Institut Paoli-Calmettes, Aix-Marseille University, 13009 Marseille,
France

BET proteins have multiple functions, including the initiation and elongation of
transcription and cell cycle regulation. BET inhibitors provide a novel approach to epigenetic
anticancer therapy. These inhibitors exhibit selectivity for tumor cells by preferentially
binding to regions of DNA critical for the transcription of genes that determine a cell’s
identity.

Using the combination of different computational and experimental methods: virtual
screening and FRET-methodologies, organic and diversity-oriented target-focused synthesis
(DOTS), as well as crystallographical and biochemical approaches, several inhibitors of
human BET-proteins with unforeseen selectivity profiles were identified. The hit-compounds
contain xanthine, triazolopyrimidinyl and tetrahydrobenzazepine scaffolds and are able to
bind preferentially to Brd4(BD1) and Brds(BD1) sites of BET-proteins and to provide the
dose-response downregulation of c-Myc levels.

References
[1]1J. Med. Chem., 2016, 59, 1634
[2]J. Med. Chem., 2018, 61, 5719
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Translational Approach to the Development of Drugs on the Example of
Regulating the Activity of Signaling Proteins

Garabadzhiu A.* and Tribulovich V.*

1St. Petersburg State Institute of Technology (Technical University), 190013, Russia,
St. Petersburg, Moskovskii pr., 26

The modern term “translational research” describes efforts aimed at on-the-fly use of
fundamental results to develop potential methods for the treatment of diseases.

One of the most promising objects in the targeted therapy of tumor diseases is the
tumor suppressor p53 protein, which makes the vital activity of cancer cells impossible due
to the activation of various signaling pathways. However, after the first successes in the
rational development of small molecule p53 reactivators, problems were revealed. It was
shown that when using MDM2-p53 protein-protein interaction inhibitors, the formation
of resistant tumor cell subpopulations is observed. In such a situation, the main function
of an effective drug is to trigger the most aggressive and selective mechanisms for the
destruction of cancer cells [1]. Our aim is to establish the relationship between the structure
of MDM2 inhibitors and the direction of transcriptional activity of the p53 protein saved
from proteolysis.

Multiple responses to the effects of small molecule compounds are not less pronounced
in the case of AMPK, a key kinase that maintains energy homeostasis at the cellular and
whole-body levels. Ubiquitous expression, as well as the presence of direct and indirect
activation mechanisms determines the possibility of energy control of a large number of
various processes occurring in the body. Three sites of direct binding for small molecule
compounds, as well as the two-step nature of the AMPK activation allows varying the
activation degree of within two orders of magnitude and, accordingly, achieving different
effects [2]. In this case, our aim is to establish the relationship between the structure of the
activator and integral effects of the AMPK activation.

This work was supported by the Russian Science Foundation (project no. 16-13-10358).

References

[1] O. Fedorova, V. Tribulovich, et al. Novel isatin-derived molecules activate p53 via interference
with Mdm2 to promote apoptosis. Cell Cycle. 2018, 17(15), 1917-1930.

[2] D. Novikova, A. V. Garabadzhiu, et al. Activating effect of 3-benzylidene oxindoles on AMPK: from
computer simulation to high-content screening. ChemMedChem. 2019, (in press).
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Dipeptide mimetics of neurotrophins:
design and pharmacological properties

Gudasheva T.A.! and Seredinin S.B.?

IDepartment of Medicinal Chemistry, 2Department of Pharmacogenetics, FSBI “Zakusov
institute of pharmacology”, 125315, RF, Moscow, Baltiyiskaya street, 8

Neurotrophins are a small family of closely related proteins that controls many aspects
of the survival, development and functioning of neurons. There are 4 neurotrophins - NGF,
BDNF, NT3 and NT4 — expressed in mammals. They are variously involved in the growth, dif-
ferentiation of neurons, in neurogenesis, synaptogenesis and brain plasticity. Neurotrophins
carry out their main effects through Trk tyrosine kinase receptors, which are activated due to
dimerization caused by the ligand and subsequent autophosphorylation of tyrosine residues
of the cytoplasmic domain. As a result, the binding sites of adapting and signaling proteins
are formed on Trk. The complexes of these proteins with Trk activate the signaling cascades
PI3K/AKT, MAPK/ERK and PLC-y. These cascades are involved in neuroprotection, differen-
tiation, synaptic plasticity and neurogenesis. The most studied neurotrophins are NGF and
BDNF, which interact with TrkA and TrkB, respectively. BDNF plays the key role in depression
and NGF in the pathogenesis of neurodegenerative disorders such as cerebral ischemia,
Alzheimer’s disease and Parkinson et al. Full-length neurotrophins are pharmacologically
unusable due to their pharmacokinetic limitations and the presence of serious side effects
such as hyperalgesia, catastrophic loss of weight, carcinogenesis. In this case, for example,
hyperalgesia caused by NGF is due to the activation of MAPK. However, it is known that the
ability of neurotrophins to prevent the development of apoptosis is caused by the activation
of the AKT signaling pathway. Neurotrophins are represented as symmetric homodimers,
the monomeric units of it contain 7 beta turns connected by 4 hairpin loops, three of which
are exposed to the outside (loops 1, 2, 4) and are most important for receptor recognition.
We hypothesized that different loops of neurotrophins activate different post-receptor sig-
naling pathways, while the pharmacophores are the central fragments of the beta-turns of
these loops. In the framework of this hypothesis, homodimeric dipeptide mimetics of indi-
vidual NGF and BDNF loops were obtained. The compounds were designed according to a
single plan - the central dipeptide region of beta-turn has been saved, preceding amino acid
residue has been replaced with its bioisostere, dimerization was carried out at the C-termini
with hexamethylenediamine. It was shown by Western blot analysis that NGF mimetics acti-
vate TrkA, and BDNF mimetics activate TrkB. The mimetic of the 4th loop of NGF (GK-2) and
the mimetic of the 1st loop of BDNF (GSB-214) selectively activated AKT, and the mimetic of
the 2nd loop of BDNF (GTS-201) - ERK. The mimetics of the 1st NGF loop (GK-6) and of the
4th BDNF loop (GSB-106) activated both pathways. The mimetics activating both cascades
were similar in their effects to the corresponding native neurotrophins. GK-6 possessed both
neuroprotective and differentiating activity and reduced the pain sensitivity in rats. For GSB-
106 anti-depressant activity was detected which is specific for BDNF. On the other hand,
GK-2, having pronounced neuroprotective activity, did not affect the differentiation and did
not cause hyperalgesia, while GSB-214 and GTS-201 exhibited neuroprotective activity and
not antidepressant activity. No one of the mimetics caused weight loss. Thus, the patterns
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of activation of post-receptor pathways are fully consistent with the spectrum of the reg-
istered pharmacological effects. The principal and priority evidences are that activation of
both PI3K/AKT and MAPK/ERK is necessary for the manifestation of antidepressant activity,
and for neuroprotection activation of the AKT signaling pathway is enough. The most ac-
tive mimetics GK-2 (hexamethylenediamine bis- (N-monosuccinyl-L-glutamyl-L-lysine)) and
GSB-106 (hexamethylene diamide bis- (N-monosuccinyl-L-seryl-L-lysine)) were selected for
development as potential drugs for the treatment of acute disorders of cerebral circulation
and depression, respectively. At present time, these drugs have undergone a full cycle of
preclinical and pharmaceutical research in the framework of the Federal Target Program
PHARMA 2020 (State Contracts No. 14.N08.12.0051 and No. 14.N08.12.0086).
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Biocompatible polyolates of biogenic elements in the sol-gel synthesis of
potential medicines

Khonina T.»?, Permikin V., Nikitina E.%, Shadrina E., and Chupakhin 0.1

1postovsky Institute of Organic Synthesis, Ural Branch, RAS, 620990, Russia, Ekaterinburg,
S. Kovalevskoy str., 22/Akademicheskaya str., 20
2Ural State Agrarian University, 620075, Russia, Ekaterinburg, K. Libknekhta str., 42
3Institute of Chemical Technology, Ural Federal University, 620002, Russia, Ekaterinburg,
Mira str,, 19

Previously we proposed a design strategy for the sol-gel synthesis of bioactive
hydrogels. The essence of the strategy is that polyolates of biogenic elements, mainly silicon
glycerolates, are used as biocompatible precursors, as a rule, in the form of a solution of
the corresponding polyol approved for medical application [1, 2]. Thus combined element-
containing polyolates are used to achieve a synergistic pharmacological effect; and bioactive
additives or medicines serve as templates and/or as the property modifiers for the formed
hydrogel.

Based on the strategy, fairly extensive series of works on sol-gel synthesis was realized,
and the study of composition, structure, and physicochemical properties of novel hydrogels
based on biogenic elements polyolates (Si, Zn, B, Ti, and others), was performed [1-4].
The influence of various factors (pH, molar ratio of precursor / polyol / water, gel-forming
additives) on the process of gel formation was studied. General regularities and features of
gelation process were established for various element-containing precursors in comparison
with traditional alkoxy precursors. In some cases biologically active compounds, such as
chitosan and hydroxyapatite, were used as templates and property modifiers in sol-gel
synthesis [5, 6].

These hydrogels are non-toxic and possess a broad spectrum of pharmacological activity
(reparative, regenerative, transcutaneous, and antimicrobial). They can be used in medical
and veterinary practice for topical treatment of the skin, soft tissues and mucous membranes
diseases of various etiologies.

References

[1] T.G. Khonina, A.P. Safronov, E.V. Shadrina, M.V. lvanenko, A.l. Suvorova, and O.N. Chupakhin, J
Colloid Interface Sci, 2012, 365, 81-89.

[2] T.G. Khonina, A.P. Safronov, M.V. lvanenko, E.V. Shadrina and O.N. Chupakhin, J Mater Chem B,
2015, 3, 5490-5500.

[3] T.G. Khonina, M.V. lvanenko, O.N. Chupakhin, A.P. Safronov, E.A. Bogdanova, M.S. Karabanalov,
V.V. Permikin, L.P. Larionov, and L.I. Drozdova, Eur J. Pharm Sci, 2017, 107, 197-202.

[4] Russian Patent 2623153, 2017.

[5] Russian Patent 2583945, 2016.

[6] Russian Patent 2675257, 2018.

This work was carried out in the framework of the state assignment (theme no. AAA-
A-A19-119011790134-1)
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Natural sesquiterpene lactones - perspective scaffolds for creating of
hybrid molecules with antitumor properties

Klochkov S.G. Pukhov S.A., Neganova M.E.

Institute of Physiologically Active Compounds of Russian Academy of Sciences, 142432,
Russia, Chernogolovka, Severny proezd, 1 number

Sesquiterpene lactones are a large group of biologically active plant secondary
metabolites. These compounds have a wide spectrum of biological activity and are
considered as a promising class of natural compounds designed for rational target-based
synthesis on their basis of potential antitumor drugs with multitarget action [1]. A number
of natural sesquiterpene lactones and their synthetic derivatives are currently at different
stages of clinical research [2]. The mechanisms of their action on tumor cells are associated
with effects on specific signaling pathways and biochemical targets. A promising direction
in the use of natural sesquiterpene lactones is their directed chemical modification, the
production of hybrid molecules with pharmacophoric fragments. The purpose of such
modifications is both an increase in biological activity and targeting to a specific molecular
target.

This paper summarizes the authors’ own results and literature data on the study
of antitumor activity of sesquiterpene lactones, discusses methods for the isolation,
modification and main biochemical targets, mechanisms of action, structural requirements
and promising areas of research.

References

[1] A. Ghantous, H. Gali-Muhtasib, H. Vuorela, N. A. Saliba, N. Darwiche, Drug Discov. Today, 2010,
15, 668.

[2] S. Pei, M. Minhajuddin, K.P. Callahan, M. Balys, J.M. Ashton, S.J. Neering, E.D. Lagadinou, C.
Corbett, H. Ye, J.L. Liesveld, K.M. O’Dwyer, Z. Li, L. Shi, P. Greninger, J. Settleman, C. Benes, F.K.
Hagen, J. Munger, P.A. Crooks, M.W. Becker, C.T. Jordan. J. Biol. Chem., 2013, 288 (47), 33542—-33558
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Filling the void: synthetic strategies towards and biological profiling of
spirocyclic and medium-sized heterocyclic compounds

Krasavin M.
Saint Petersburg State University

Medium-sized (9-14-membered) heterocycles are notoriously difficult to make using
conventional cyclization strategies. At the same time, these cyclic frameworks have emerged
as a privileged scaffold platform for drug design due to its possessing an optimal balance
between rigidity and conformational flexibility. This, in turn, helps increase the likelihood of
finding the optimal fit for a protein target without compromising the molecule’s absorption
and permeability characteristics. Several recent findings in the area of constructing such
medium-sized cyclic compounds will be presented.
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Similarly, spirocycles are very much sought after as scaffolds for drug design due to
their inherent three-dimensionality and high degree of saturation — i.e., the combination
of characteristics that are also favorable both from the prospective of small molecule’s
complementarity to the protein target and its physicochemical profile (mostly, solubility).
We will present several strategies developed in our laboratories toward spirocycles and will
discuss a number of medicinal chemistry applications of these scaffolds in the therapeutic
areas as diverse as anti-infectives, antidiabetic compounds and anti-inflammatory agents.
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Design of Amino Acid-Based Pharmaceutical Agents for Cancer Therapy
and Diagnostics

Krasnov V., Levit G., Gruzdev D., and Demin A.

Postovsky Institute of Organic Synthesis, Russian Academy of Sciences (Ural Branch),
620990, Russia, Ekaterinburg, Russia, Ekaterinburg, 22 S. Kovalevskoy St. / 20
Akademicheskaya St.

Natural amino acids are diverse in structure, commercially available, possess high optical
purity, and represent a unique starting material for the synthesis of extensive libraries
thereon to design various medicinal agents. It is very important that there is the alpha-
amino acid residue in the structure of these compounds, which ensures the bioavailability
and selective transport of their derivatives.

At the Postovsky Institute of Organic Synthesis, methods for the synthesis of a large
group of nitrosoureido derivatives of diaminocarboxylic acids have been developed and
their antitumor activity has been studied. Research (in cooperation with the Blokhin
National Medical Research of the Ministry of Healthcare of Russia, Moscow) resulted in
designing the original antitumor agent Lysomustin that is currently used for the treatment
of melanoma and lung carcinoma in clinics. Preclinical study of antitumor agent Ormustin
for the treatment of primary and metastatic brain tumors has been successfully completed.

A number of peptide-like compounds derived from carboranes, which is of interest for
application in boron neutron capture therapy of tumors, was synthesized.

Recently, methods for the synthesis of purine conjugates with amino acids and dipeptides
possessing various types of biological activity have been developed.

Modification of magnetic magnetite-based nanoparticles made it possible to obtain
materials promising for cancer diagnostics.

The conducted studies have shown the promise of using amino acids to design innovative
pharmaceuticals.

The study was carried out in the framework of the State Assignment of Russia (project
no. AAAA-A19-119011790130-3).
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Transition metals complexese on the basis of natural plant
substances: prospects for use in medicine

Kutchin A., Gur’eva Y., Zalevskaya O., Belykh D.

Institute of Chemistry, Komi Science Centre, Ural Branch of the Russian Academy of Sciences,
167000 Russian Federation, Syktyvkar, Pervomaiskaya ul., 48

The chemistry of transition metals and bioligands is an actively developing area of
modern chemistry, where extensive information about new research appears each year, and
new points of growth appear. This is a field of chemistry where such areas as asymmetric
synthesis, metal complex catalysis, biochemistry, medical chemistry, pharmacology intersect
and feed each other. The limitless possibilities of designing new metal-complex structures
are determined by the diversity of natural bioligands and their hybrid derivatives, a wide
range of metals. Terpenoids possess a wide spectrum of biological action in living nature,
their structural diversity is represented by almost all classes of organic compounds, they can
be obtained from renewable plant materials in the form of individual sterecisomers. All this
determines their value as starting compounds for the synthesis of a huge number of new
chiral derivatives, including ligands for solving problems of coordination chemistry.

Metal complexes with various chiral ligands are extensively studied as promising
anticancer drugs [1,2]. Despite the diversity of metal complexes obtained on the basis of
bioligands, studies of their biological activity are of a limited character.

The report will demonstrate modern achievements in the synthesis of metal-complex
compounds containing polyfunctional derivatives of natural terpenoids and porphirins as
ligands [3]. The results of studies on the biological activity of compounds of this class will
be analyzed.

References

[1] M.B. Baile, N.S. Kolhe et al., Int. J. Pharma Research & Review. 2015, 4, 59; Y. Cheng, Y. Qi, Anti-
Cancer Agents in Medicinal Chemistry. 2017, 17, 1046-1069; M. Ajmal, J. Coord. Chem. 2017, 70,
2551

[2] A.EI-G.E. Amr, K.A. Ali, M.M. Abdalla, J. Medicinal Chem. 2009, 44, 901; A. Choudhary, R. Sharma
et al., J. Chilean Chem. Soc., 2011, 56, 911; T.A. Fernandes, F. Mendes et al., Polyhedron, 2015, 87,
215; T.E. Kokina, L.A. Sheludyakova et al., Russ. J. Gener. Chem., 2017, 87, 2332

[3]1 Y.I. Pylina, D.M. Shadrin, O.G. Shevchenko, I.S. Khudyaeva, D.V. Belykh, 1.0. Velegzhaninoy,
Macroheterocycles, 2017, 10(3), 279-288
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Physiologically active metal-based compounds
with controlled mode of pharmacological action

Milaeva E.

Department of Medicinal Chemistry & Fine Organic Synthesis,
M.V. Lomonosov Moscow State University, 119991, Russia, Moscow, Lenin Hill, 1-3

Metal-based drugs represent a relevant sector of the pharmaceutical market with
potential development in the treatment of incurable diseases. There is an urgent need for
the discovery of new drugs with novel modes of biological action, because several diseases
develop resistances to known drugs. Metal compounds (metal-based drugs) might offer
biological and chemical diversity that is distinct from that of organic substances. It has
become increasingly apparent that metal-based pharmaceuticals can play a crucial role in
oncology, treatment of metabolism- and genetic disorders, cardiovascular disease, gene
therapy, inflammation, stroke, diabetes, malaria, and neurological disease. The goal of
medicinal chemists is to create new inorganic/organometallic molecules as drug candidates.

We will discuss the need for rationalization of the investigational approaches available to
create hybrid metal-based drugs. Our key approaches were (1) to maintain the interaction
with the target, and (2) to keep the balance between the antitumor potency and general
toxicity (Scheme).

Our study is focused on a novel approach to design
m%}[@] hybrid metal-based physiologically active compounds
¢ ‘ _ - with opposed modes of action—prooxidant metal center
and antioxidant 2,6-dialkylphenol group. The synthesis
and anti/prooxidant activity and cytotoxicity studies of
. novel organometallic/coordination compounds based
"%B:@%@l—h— - on either biogenic metals (Fe, Mn, Co, Cu, Zn, Ni) or
p exogenic metals (Sn, Au) are presented and discussed.
The multifactor antiproliferative and antioxidative
activities assay of novel compounds has been
performed by using DPPH, CUPRAC-tests, and enzymatic methods (lipoxygenase,
gluthathione reductase, thioredoxine reductase, tubulin); ex vivo lipid peroxidation in
mitochondria isolated from rat brain and liver. The in vivo study was performed for the hit
compounds.

References

E.R. Milaeva & co-authors. Res. J. Pharm. Biol. Chem. Sci., 2018, 10, 324-331. Appl. Organomet.
Chem., 2018, 32, e4381. Metallomics: integrated biometal science. 2018, 10, 406-413. Eur. J. Inorg.
Chem. 2017, 12, 1785-1791.Tyurin. Pure & Appl. Chem., 2017, 89, 1065-1088. Inorg.Chim.Acta, 2017,
455, 276. Polyhedron, 2017, 127, 512. J. Organomet. Chem., 2015, 782, 96. Dalton Trans., 2015, 44,
3614. Dalton Trans., 2014, 43, 6880. Dalton Trans., 2013, 42, 19, 6817. Med. Chem. Res., 2012, 21,
3523. Dalton Trans., 2012, 41, 14568. Curr. Topics Med. Chem., 2011, 11, 2703.

This work wa supported by RSF (19-13-00084), RFBR (18-03-00203, 19-53-12042).
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From natural amino acids to bifunctional chiral isocyanides

Nenajdenko V.G.

Department of Chemistry, Lomonosov Moscow State University, Moscow, 119991, Russia

Ugi and Passerini reactions are most efficient way to molecular complexity. They open
access to peptides and depsipeptides bearing the a-amino acid and a-hydroxy acid moiety
in only one synthetic step using isocyanides as a key building blocks. Out of four or three
imputs of this multicomponent reactions isocyanides are most important reagents. On the
other hand family of these unique compounds is very limited. Using natural amino acids we
elaborated efficient synthesis of some polifunctional isocyanides and demonstrated their
high synthetic utility (Scheme 1). For example, a family of nonracemizable isocyanoacetic
acid derivatives, azido substituted isocyanides and B,-isocyanopropionates was elaborated.
These reagents can be used for peptide decoration of various biologically active compounds
to improve their properties.
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Meglumine as a green, efficient and reusable catalyst for synthesis and
molecular docking studies of bis(indolyl)methanes as antioxidant agents

Padmavathi V.}, Sravya G.2

Y Department of Chemistry, Sri Venkateswara University, Tirupati, 517 502, India

2 Department of Organic & Biomolecular Chemistry, Chemical Engineering Institute, Ural
Federal University, 19 Mira Str., Yekaterinburg, 620002, Russian Federation.

Indoles represent an important group of N-heterocycles, which are known to have
potent pharmaceutical and biological properties. Indoles and their derivatives are one
of the important classes of heterocyclic compounds that are present in various natural
products, pharmaceuticals, agrochemicals and other compounds of importance. Among
them, bis(indolyl)methanes (BIMs) are frequently found in natural products, drugs
and biological molecules and also identified to possess wide range of applications in
pharmacology, biochemistry and medicinal chemistry. BIMs and their derivatives are found
in terrestrial and marine metabolites. In fact, bis(indolyl)alkanes exhibit a wide spectrum
of biological activities viz., cytotoxic, antitumor, antiviral, antimicrobial, anti-inflammatory,
and antioxidant. The BIM is also a privileged scaffold in alkaloids including ramiflorine A
and ramiflorine B, vibrindole A, streptindole, deoxytopsentin, bromodeoxytopsentin,
and sponges. Because of the unique pharmacological activities and the prevalence of
indole moiety in many natural products, a great deal of interest has been focused on the
development of efficient synthetic protocols for the preparation of bis(indolyl)alkanes.
A number of synthetic methods for their preparation have been reported. Catalyst is an
important aspect of green chemistry. The design and application of new catalysts and catalytic
systems are playing a vital role in achieving goals of environmental defense and economic
assistance. Reusability of the catalyst without any loss of activity is an indispensable fact of
green chemistry. However, the use of toxic reagents, high temperature, and volatile organic
solvents are among the drawbacks of most of these protocols. Hence, there is a need
for a new, efficient, and inexpensive synthetic methodologies based on green chemistry
processes in organic synthesis. In the present communication, herein we report the use of
meglumine as a catalyst for the synthesis of bis(indolyl)methane derivatives.

§ H

H
O —, (O Q
/ Melgumln’H O/EtOH
References

1. Humphrey, G.R.; Kuethe, J.T. Chem Rev 2006, 106, 2875.

2. Sundberg, R.J.; The Chemistry of Indoles. Academic Press: New York, 1996.

3. Fukuyama, T.X.; Chen, ] Am Chem Soc, 1994, 116, 3125.

4. Sakemi, S.; Sun, H.H; J Org Chem, 1991, 56, 4304.

5. Azizi, N.; Manocheri, Z; Res Chem Intermed, 2012, 38, 1495.

6. Wang, L.; Wei, W.; Guo, Y.; Xu, J.; Shao, S; Spectrochim Acta Part A, 2011, 78, 726.



Plenary lectures 21

lonotropic Glutamate Receptor Modulators: Design of New Scaffolds

Palyulin V.A.'?, Lavrov M.L.*%, Karlov D.S.'*, Radchenko E.V.2, Nazarova A.A.,
Sedenkova K.N.'?, Averina E.B.%?, Zamoyski V.L.2, Grigoriev V.V.1?

IDepartment of Chemistry, Lomonosov Moscow State University,
119991 Russian Federation, Moscow
2Institute of Physiologically Active Compounds, Russian Academy of Sciences,
142432 Russian Federation, Chernogolovka, Moscow Region
3 Center for Computational and Data-intensive Science and Engineering, Skolkovo Institute
of Science and Technology, 121205, Russian Federation, Moscow

lonotropic glutamate receptors attract a growing attention in the last decades as
promising targets for development of drugs for the treatment of serious neurological and
psychiatric disorders, such as schizophrenia, depression, age-related cognitive and memory
disorders, Parkinson’s disease, Alzheimer’s disease, etc. AMPA receptor positive allosteric
modulators were shown to reveal such neurophysiologic effects as induction of long-term
potentiation of synaptic excitation, considered as a foundation for learning and memory,
and significant increase of nerve growth factors expression, making them promising com-
pounds for the development of nootropics and neuroprotectors.

Techniques 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 are considered. 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 calculated binding energies with the experimental pEC_, values. The
Molecular Field Topology Analysis (MFTA) QSAR method 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 de novo
design of structures fitting the PAM binding site and based on new scaffolds allowed us to
find novel highly potent positive allosteric modulators of AMPA receptors that have a unique
combination of properties.

This work was supported by the Russian Science Foundation, grant no. 17-15-01455.
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Three Decades of Computer Program PASS: From Prediction
of Biological Activity Spectra to Systems Pharmacology

Poroikov V.! Filimonov D.}, Gloriozova T.}, Lagunin A.*?, Druzhilovskiy D.%,
Rudik A.}, Stolbov L.!, Dmitriev A.!, Tarasova O.%, lvanov S.%?, Pogodin P.!

IDepartment of Bioinformatics, Institute of Biomedical Chemistry,
119121, Russia, Moscow, Pogodinskaya Str., 10 bldg. 8
2 Department of Bioinformatics, Pirogov Russian National Research Medical University,
117997, Russia, Moscow, Ostrovityanova Str., 1

PASS development started thirty years ago in the framework of the National System for
Registration of New Chemical Compounds Synthesized in the USSR to create a computational
method that predicts biological activity spectra for diverse drug-like molecules. PASS
prediction is based on the analysis of structure-activity relationships of the training set
included more than one million biologically active molecules. The average prediction
accuracy calculated by the leave-one-out cross-validation procedure for the whole training
set and over five thousand kinds of biological activity is about 95%. Both local PASS version
and freely available via Internet dozen web services are developed (http://way2drug.com/
projects). PASS Online is currently used by >22,000 researchers from 91 countries of the
world. Over 835,000 predictions obtained and used to select the most promising molecules
for synthesis and appropriate bioassays.

Our latest web service called AntiHIV Pred (http://way2drug.com/hiv) predicts the
interaction of drug-like compounds with five antiretroviral targets and a few dozen biological
activities relevant for the treatment of HIV-associated comorbidities. Also, predictions
for about 250,000 compounds from Open NCI database allow ordering the samples for
biological testing from NCI/NIH.

Based on PASS estimates, the systems pharmacology approach allows predicting
therapeutic and adverse effects for new pharmacological agents under study.

This work is supported by the RFBR grant No. 17-54-30015-NIH_a.
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A new class of antiviral azoloazines. Medicine “Triazavirin”
Rusinov V.L.»?, Charushin V.N.*?, Chupakhin O.N.*?

1Ural Federal University, 620002, Russian Federation, Ekaterinburg, Mira st., 19
2Institute of organic synthesis named after I. Ya. Postovskiy, 620137, Russian Federation,
Ekaterinburg, Sofii Kovalevskoy st., 20

The design of new effective drugs for preventing and treating viral diseases is an
actual task due to the high danger of viral infections, the variability of viruses, and the
emergence of highly dangerous strains. A new original class of non-nucleoside antiviral
etiotropic substances, azolo[5,1-c]-1,2,4-triazines and azolo[1,5-a]pyrimidines, effective
against diseases caused by influenza, herpes, tick-borne encephalitis viruses, and various
hemorrhagic fevers was developed during research projects at the Ural Federal University,
the Institute of Organic Synthesis of the Ural Branch of the Russian Academy of Sciences, the
Scientific Research Institute of Influenza of the Ministry of Health of the Russian Federation,
and a number of other organizations

The main methods for construction of these bicyclic azoloazine structures include
annelation of the azine cycle to the azole one, which allows the use of a wide range of
aminoazoles and available synthons, such as derivatives of acetic acid or acetonitrile [1].

The obtained data results in the real basis for creating a series of effective domestic
antiviral drugs. Triazavirin (dihydrate of the sodium salt of 2-methylthio-6-nitro-1,2,4-
triazolo[5,1-c]-1,2,4-triazin-7-one) is the first drug created on the basis of this class of
compounds and was included in the register of medicines of the Russian Federation in
08.28.2014, number LP-002604. During the clinical application of Triazavirin, it has been
shown that its use in etiotropic therapy of influenza and acute respiratory viral infections
facilitates reduce of the main symptoms duration of the disease include fever and level of re-
isolation of influenza viruses in patients and outperforms Tamiflu and Arbidol by efficiency
[2,3].

Furthermore, the inclusion of Triazavirin in the complex therapy of tick-borne
encephalitis, including severe patients with the meningeal form, leads to a reduction in all
clinical manifestations [4].
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How can we respond to modern challenges in medicine
Salakhutdinov N.F.

N.N.Vorozhtsov Novosibirsk Institute of Organic chemistry SB RAS
630090, Russia, Novosibirsk, Lavrent’ev av., 9

The most important direction of medical chemistry, allowing to obtain new, effective
drugs, is the use of synthetic transformations of natural compounds. The most effective is
the involvement in the synthesis of compounds with native biological activity and having an
available raw material base.

The main efforts of our team are focused on creating agents in the most sought-
after therapeutic classes - oncology, various viral infections, neurodegenerative diseases,
cardiology.

In all the listed areas, leading compounds were found, the majority of which passed the
cycle of preclinical trials.

Thus, the antiviral agent Camfecine, a derivative of natural camphor, was discovered,
which possesses not only outstanding activity against the HIN1 strain of the influenza virus,
but is also able to actively inhibit a wide range of other strains of the influenza virus.

The derivative of natural usnic acid is an effective inhibitor of Tyrosyl-DNA-
phosphodiesterase 1 (Tdpl), which is an important enzyme of the DNA repair system
responsible for the drug resistance of many malignant diseases. The combined use of this
agent and cytostatic campotecin allows us to hope for success in the treatment of such a
difficult cancer as lung cancer.

Serious progress was achieved in the creation of drugs that relieve life-threatening
arrhythmia. One drug based on the natural toxin - botulinum toxin prevents the transmission
of nerve signals that stimulate arrhythmia. The other is aimed at achieving the effect of
ablation of the heart muscle with the help of chemicals, which is much more effective
compared to the currently used radiofrequency ablation.
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The development of new anti-inflammatory drugs based on
the fluorinated het(aryl)derivatives

Saloutin V.1, Burgart Ya.!, Shchegolkov E.}, Shchur 1.}, Agafonova N.%,
Krasnykh 0.2 and Chupakhin O.*

1Postovsky Institute of Organic Synthesis UB RAS, 620990, RF,
Ekaterinburg, S. Kovalevskoi, 22
2Perm National Research Polytechnic University, 614990, RF, Perm, Komsomolsky Av., 29

The report is devoted to the development of new non-steroidal anti-inflammatory drugs
based on the fluorinated derivatives of salicylic acid and pyrazole. The effective methods
for synthesis and modification of polyfluorosalicylic acids were suggested. The fluorinated
analogues of the clinically used salicylates, metal complexes and amino-modified
polysalicylates were obtained. The biological tests allowed to reveal a number of derivatives
with high analgesic and anti-inflammatory properties [1, 2], tuberculostatic [3], antibacterial
and anti-fungicidal actions. The method lowering the acute toxicity of polyfluorosalicylates
by substitution of fluorine atom on the amine pharmacophore moiety was found [2].
Besides, the methods for regioselective methylation of polyfluoroalkylpyrazoles with a
different set of ambident nucleophilic centers were developed, resulting in analogues of
antipyrine and celecoxib [4, 5]. The research of biological properties of new derivatives in
tests in vitro and in vivo allowed to discover leader compounds, perspective for preparation
of new medicines [6].

in vitro

Fluoralkyl-antipyrine

(B0
N—-N
“ O
R
RE A\ fome |
N—N
: R in vivo

\ Celecoxib analogs / 10...15 mg/kg ip

References

[1] E.V. Shchegol’koy, I.V. Shchur, Ya.V. Burgart, V.I. Saloutin, et al. Bioorg. Med. Chem., 2017, 25, 91.
[2] 1.V. Shchur, EV. Shchegolkov, Ya.V. Burgart, V.I. Saloutin, et al. ChemistrySelect, 2019, 4, 1483

[3] E.V. Shchegol’koy, I.V. Shchur, Ya.V. Burgart, V.I. Saloutin, et al. Bioorg. Med. Chem. Lett., 2016, 26,
2455,

[4] N.A. Nemytova, E.V. Shchegol’kov, Ya.V. Burgart, V.. Saloutin, et al. J. Fluor. Chem., 2018, 206, 72
[5] Ya.V. Burgart, N.A. Agafonova, E.V. Shchegol’kov, V.I. Saloutin, et al. J. Fluor. Chem., 2019, 218, 1
[6] N. Agafonova, E. Shchegolkov, Ya. Burgart, V. Saloutin, et al. Med. Chem., 2019, 15, 1

Analgesic
> diclofenac
> metamizole

Antipyretic
as paraceta

The work was supported by RSF (grant Ne 16-13-10255).
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Chemical Probing of Gene Transcription: Molecular Mechanisms as
Antitumor Drug Targets

Shtil A.A.**3, Tatarskiy V.V.'?, Kaluzhny D.N.?% Roninson 1.%*

1Blokhin Cancer Center, 115478, Russia, Moscow, Kashirskoye shosse 24, ?Institute of
Gene Biology, Russian Academy of Sciences, 119334, Russia, Moscow, Vavilov Street 34/5;
3Department of Chemistry, Moscow State University, 119991, Russia, Moscow, Leninskie
Gory 1, “*Engelhardt Institute of Molecular Biology, Russian Academy of Sciences, 119991,
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Targeting gene transcription remains attractive for antitumor drug design. Formation
of stable complexes with DNA and interference with template syntheses (actinomycin D as
a prototype) are efficient for transcriptional block. Following this direction, the antibiotic
olivomycin A has been modified to yield a derivative potentin in vivo tumor model at tolerable
doses. Rational design of DNA binders as transcriptional inhibitors is based on structural
knowledge about the target and a precise positioning of the chemical compound on the
target. Olivomycin A inhibits transcription of dozens of genes although general toxicity might
limit the therapeutic potential of this class of transcriptional antagonists. Recent advances
in synthetic chemistry opened novel opportunities in modulation of transcription using low
molecular weight compounds. Selective inhibitors of individual transcriptional mechanisms
entered clinical trials as gene- and situation specific pharmacological blockers (inhibitors
of CDK8/19 Mediator kinases as a robust example). This approach is straightforward for
prevention of emergence of drug resistance and attenuation of growth of metastatic foci, the
mechanisms mediated via CDK8/19. However, the complexity of transcriptional machinery
makes many responses independent of this mechanism. In these situations targeting at
a post-mRNA synthesis level, that is, by deregulation of RNA splicing, is worth pursuing.
Chemical inactivation of individual members of splicing protein kinases families DYRK (dual
specificity tyrosine-phosphorylation-regulated kinase) and Clk (CDC-like kinase) induced
cell death via DNA damage responses specific for cell cycle phases. Expanding medicinal
chemistry of transcriptional modulators provides new antitumor drug candidates suitable
in different contexts.

This study was supported by the Megagrant (Agreement N214.W03.31.0020 between
the Ministry of Science and Education of the Russian Federation and Institute of Gene
Biology, Russian Academy of Sciences).
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Modifications of plant terpenoids and coumarins via the transition
metal catalyzed reactions as a promising direction in the development of
selective antibacterial agents

Shults E.E.!, Patrushev S.S.!, Lipeeva A.V.!, Zakharov D.O.%,
Gromova M.A.!, Kharitonov Yu.V.},

1 Novosibirsk Institute of Organic Chemistry, SB RAS, Novosibirsk, Russia

Natural diterpenoids and coumarins are attractive platforms for the synthesis of new
biologically active compounds, including potential medicinal agents. The directed catalytic
transformations of the mentioned polyfunctional compounds allows their directional,
selective modification and, accordingly, to find more effective and less toxic analogs and
derivatives.

The report summarizes the results of our research on the application of reactions
proceeding under the action of metal complex catalysts to plant metabolites and their
derivatives (eudesmane type methylenlactones, coumarins, isopimaric acid). The cross-
coupling reactions, cross-coupling-cycloisomerization reactions, copper(l)-catalyzed
Mannich reaction, eco-friendly copper(l)-catalyzed Huisgen 1,3-dipolar cycloaddition
(CuAAC reaction) were the main routes of synthesis used in this investigation.

A synthetic route for obtaining of 6-substituted furo[2,3-d]pyrimidines including the
Sonogashira coupling reaction of (11R)-[5-bromouracyl-ylJeudesma-4(15)-en-8f3, 12-olides
with (trimethylsilyl)acetylene, desilylation, Cu-catalyzed Mannich reaction of (11R)-[(5-
ethynyl)uracyl-1-ylleudesmanolide with amines and formaldehyde and cyclization into the
furo[2,3-d]pyrimidines.

Cycloisomerization of isopimaric acid N-propargyl amide in the presence of ZnCl,
and selective bromination led to terpenoid 5-(bromomethyl)oxazole which was further
transformed to azide. CUAAC reaction of the terpenoid azide with several alkynes, including
amino acid alkynes led to the terpenoid substituted biheterocyclic or triheterocyclic
derivatives.

Series of coumarins and bicoumarins, interconnected by spacers of various lengths
containing the triazole substituent in the 3-th and 6-th positions were synthesized on the
basis of plant accessible coumarins peuruthenicin and peucedanin.

Studies of toxicity and pharmacological properties of synthesized compounds are
conducted jointly with the Novosibirsk State medicinal University. Some data of antimicrobial
and also antitumor activity of the synthesized groups of compound are discussed. A number
of compounds very interesting from the biological point of view have been mentioned.

This work was performed under financial support in part from the Russian Science Foundation
(project N 18-13-00361).



28 MedChem Russia 2019

Is it possible to create synthetic opioid analgesics
without narcogenic potential?

Spasov A.A.%, Grechko O.Yu.}, Vasilyev P.M.}, Eliseeva N.V.!

IDepartment of Pharmacology and Bioinformatics, Volgograd State Medical University,
400131, Pavshikh Bortsov Sq. 1, Volgograd, Russia

Opioid analgesics remain the «gold» standard in the management of pain. However,
the development of drug dependence limits their clinical efficacy. Currently, it has been
convincingly proven that opioid-induced analgesia is the result of the activation of the G-
protein signal transduction pathway, whereas the addictive potential is due to involvement
of the B-arrestin cascade of intracellular reactions. According to the concept of functional
efficiency of the GPCR dependent on the ligand, the opioid receptor adopts different
conformations and directs the GPCR signaling along the G -protein or the B-arresting pathway
of the regulatory process. G-biased mu- and kappa-opioid agonists (PZM21, Noribogaine,
Oliceridine, Herkinorin) have been identified [1, 2]. These facts served as a prerequisite for
the development of functionally selective opioid ligands having properties of highly efficient
G-activators and B-arrestin-biased antagonists.

Using computer simulation, docking to the specific binding site of the human kappa-
opioid receptor X-ray model (PDB ID 4DJH) and subsequent structural optimization of virtual
molecules, an integral 2-p-fluorophenylimidazo[1,2-a]benzimidazole scaffold of G-biased
kappa-agonistic activity was built, which is different from those of the known opioid ligands.
For further development of conformation-selective agonists, one of the most promising
molecules RU-1205 (K. 36.7 nM) was selected. Analysis of the molecular mechanism
of binding of RU-1205 to the kappa-opioid receptor site (LigandScout 4.1) revealed 7
hydrophobic, 2 mt-1t stacking and 1 hydrogen bond interaction with Met130, Leu200, Val218,
Trp274, 11e277, 1le281, and Tyr869, which permits stabilization of the receptor conformation,
initiation of G-signaling pathway, and block of the B-arrestin cascade. Panel of in vivo
tests on the central models of algesia demonstrated that test substance has naloxone-,
norBNI-reversible analgesic effect, exceeding the potency of morphine and butorphanol
12 and 4 times, respectively. Unlike reference drugs, compound RU-1205 does not show
pharmacological properties that contribute to the formation of physical dependence,
addiction, and dysphoria [3, 4].

Thus, the development of G-biased agonists can serve as a basis for creation of new
generation of synthetic opioid analgesics without the narcogenic potential.
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JNleKapcTBeHHble npenapaTtbl 418 UMMYHOTEPANUU 310Ka4YeCTBEHHbIX
HOBOO6pa30BaHUIl: HacToALee n byayuiee OHKO/IOTMU

MUBaHoB P.A.
buomexHonozauyeckasa komnaHus BIOCAD

B nocnegHue roabl ocoboe BHMMaHME MMPOBOro MpodeccMoHanbHOro coobuiectsa
CKOHLIEHTPMPOBAHO Ha MMMYHOTEpPaneBTUYECKMX MOAXOAAX K JIeYEHUI0 OHKONOTMYEeCKUX
3aboneBaHnin. OcO6eHHOCTbI0 NOAO06HbBIX METOA0B JIeYEHUSA ABAAETCA aKTMBALMUA cOBCTBEH-
HOrO NPOTUBOOMYXO/IEBOrO UMMYHUTETA NauueHTa. OgHMMK U3 NepBbix B pa3paboTke, a
3aTeM M B KIMHMYECKOW NPaKTUKe, NoABUAWCH NpenapaTbl-6a10KaTopskl peuentopa PD-1 wuan
ero amraHgaPD-L1, KoTopble NPOAEMOHCTPUPOBAN MHOFOOb6ELLAtOLLIME YCNIEXU B IeUEHNUN
paga 3aboneBaHui. MonyyeHHble elle Ha paHHMX $asax KAMHUYECKUX UCCNea0BaHUI pe-
3yNbTaTbl UMMYHOTEPANUK Takux 3a601eBaHUM, Kak MenaHoMa U pak fierkoro, bblan cToNb
3HaYMTe/IbHbI, YTO USMEHWIN NAPAAUTMY NEYEHUA 3N10KAYECTBEHHbIX HOBOOOPA30BaHMN.

MepBbim poccuiicknm b6okatopom PD-1, pazpabotaHHbIM KomnaHuelt BIOCAD, sanseT-
¢ BCD-100 (MHH: nponronnmab), — 3TO NOMHOCTbIO Ye/I0BEYECKOE aHTUTEeNO, cnocobHoe
C BbICOKOWN apPUHHOCTbIO U CNeundUYHOCTBIO CBA3LIBATLCA CO CBOEW MULEHbtO. MpenapaT
pa3pabaTbiBaiCA C y4eTOM CBOMCTB ApYrux aHTuTen-6s1o0katopos PD-1 1 pe3ynsTaToB MX UC-
cnepoBaHuii. OgHOM U3 OTIMYMTENbHBIX 0COBEHHOCTEW AaHHOIO NpenapaTa B CPaBHEHUM C
umetowmmmcs 6nokatopamu PD-1 ABnsieTca NpMHAANEKHOCTb K Knaccy 1gGl (nembponms-
ymab n HMBoNymab oTHocATcA K 1gG4). NMpenmywectBo ncnonb3oBaHua IgGl 3akntoyaertcs
B 60/1bLIEl TEPMOANHAMMUYECKON U arperalMoHHON CTabUAbHOCTM aHTUTENa, B pe3ysibTaTte
4yero UMeeTcA BO3MOXKHOCTb NOYYEHUSA BbICOKOKOHLEHTPUPOBAHHOM GOPMbI A/1A NOAKOK-
HbIX MHbEKUMI. Ewe ogHol ocobeHHOCTbio npenapaTta BCD-100 asnsetca Hanuume B Fc-
dparmeHTe MoneKynbl Tak HasbiBaemon myTauuun LALA (Leu234Ala/Leu235Ala), koTopas
MWHUMU3UPYET 3PPEKTOPHbIE CBOWCTBA aHTUTENA U NPeaoXpaHAeT, Takum obpasom, PD-1-
aKcnpeccupytowme AMmMoOoUUTbI OT PaspyLLUEHUA 4PYTMMU UMMYHOKOMMNETEHTHBIMU KNeTKa-
mu. MpenapaTt NpoAeMOHCTPUPOBaAA BbICOKYO aKTUBHOCTb MO pe3y/ibTaTaM SKCNepUMeEHTOB
C KNETOYHBIMU NIMHUAMM, MblLLAaMU-KCEHOrpadTamMu, a TakKe npumaemblit npodunb 6eso-
NMacHOCTW M AOCTaTOYHble PapMaKOKMHETMYECKME NOKa3aTeM B paMKax UCCNeAoBaHUI Ha
peneBaHTHOM XUBOTHOM Mmogenn (HeyenoBekoobpasHbie NPMMaThl).

Pe3ynbTaTbl 3aBEPLUEHHONO KAMHUYECKOTO NUCCAef0BaHmA npoaroanmaba npu metacTa-
TUYECKOW MeslaHOMe CBMAETE/IbCTBYIOT O BbiCOKOM 3ddeKTuBHOCTM npenapata BCD-100.
TaK, Npy NpUMEHEeHUU B MUHUMANbHOW Ao3e 1 Mr/Kr ogvH pa3 B Age Heaenu, obwas ya-
ctoTa otBeTa (O40) u KOHTpoONb Hag 3aboneBaHnem B nonyaauun perprotocol coctasuam
40,68% v 67,80%, cooTBeTCcTBEHHO. B nonynauum mITT Haba[aAMCb CXOXMe NoKasaTenm
adpdeKTuBHOCTH.

PesynbtaTbl aHanM3a 3pPEeKTUBHOCTU MO BTOPUYHBIM KOHEYHbIM TOYKAM NOATBEPANAU
3aK/Il0YEeHNEe O A0CTaToYHOM 3ddeKTMBHOCTM npenapata BCD-100. Mokasatenu b6ecnpo-
rpeccMBHoi BbixkuBaemocTu (BIMB), obwelt BbikMBaemocTn (OB), AAnTeNbHOCTM OTBEeTa
6b11M CONOCTAaBUMbI C TAKOBbIMM IYYLIMX B KAacce MHrmMbutopos PD-1.

Mpu NPpUMeHeHNN B MUHUMANbLHOW Ao03e 1 Mr/Kr oguH pas B ABe Heaenu, 12-mecau-
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Has BMNB coctasuna 41,27%.Mpu megnaHe HabawoaeHus 13,8 mecaua (95% AN 13,2-14,7)
MeanaHa obLuelt BbIXKMBAaEMOCTU He Oblia AOoCTUrHYTa.12-mecavHas OB coctasuna 74,6%.
Mpenapat BCD-100 6bin paBHO 3pdeKTUBEH KaK NPU MPUMEHEHUN Y HE IeYEHHDbIX NPeXae
NnayneHToB, Tak U NP NPUMEHEHUN Y paHee NoJly4aBLUMX TePannio NaUuMeHTOB.

Taknum obpasom, Bbicokan adpdekTUBHOCTL Npenapata BCD-100 B MMHMMaNbHOW f03e
1 mr/kr 6bina noaTBEP)KAEHA M MO NapameTpam AOAToCPOYHON 3dpdeKkTuBHOCTU (0bLueit u
6ecnporpeccMBHON BbIXKMBAEMOCTH), AaHHbIW 4030BbIA PEXKUM MOMKET BblTb PEKOMEHAO-
BaH K KIMHUYECKOMY NMPUMEHEHUIO Y NaLMEHTOB C PacnpoCcTPaHEHHOMW MeNaHOMOIA.

3aBeplUeHbl KNIMHUYECKUe uccnenosaHna 1 ¢asbl ewe ABYX UMMYHOOHKOMOTUYECKUX
npenapaTtoB KomnaHun BIOCAD- aHTU-CTLA-4 n aHTU-PDL1. MnaHupytoTCA KAMHUYECKne
nccienoBaHna KOMBMHaLMIN 3TUX npenapaTos ¢ aHTM-PD-1 u/unmn gpyrumm paspabartbisa-
€MbIMU YEKNOWHT-MHIMBUTOPAMU C LieNbio Pa3paboTKuM lyyLlero B Kaacce UMMYHOOHKO/IO-
rmyeckoro npenapara.

B HacToslLee Bpemsa NPOBOAUTCA KAMHUYECKOE UccefoBaHue 2 Gpasbl KKOKTEWNAY» aH-
TM-PD1 n aHTU-CTLA-4 aHTUTEN — CMECU ABYX OPUTMHAJbHbBIX aHTUTEN B O4HOM (iaKoHe,
OKa3blBALLMX CUHEPreTUYecKoe AeNCTBME NPU COBMECTHOM NpuMeHeHuu. MpeanonaraeT-
€S, YTO KOMMOHEHTbLI NpenapaTa, obnagatowme pasAUYHbIMU MEXaHU3MaMU AEUCTBUA, MPU
NpPUMeHeHUM y 60/IbHbIX CO 3/10KaYeCTBEHHbIMM HOBOOOPa3oBaHMAMMK bByayT obecneynsaTtb
60/1ee BbICOKYI0 3P PEKTUBHOCTb B CPAaBHEHUM CO BCEMM CYLLLECTBYHOLLMMU UMMYHOOHKO/10-
rMYeckMMM npenapaTamu. «KoKTenam» pasanyHbIX aHTUTEN B O4HOM bnakoHe — cnocob no-
BbICUTb 3GGEKTUBHOCTL TEPANUM NPU UCMNOJb30BAaHUM KOMBUHALMIA IeKapCTBEHHbIX Npe-
NapaToB, NMPU CHUKEHUMU CTOMMOCTU SIEKAPCTBEHHOW TEPANUKN B CPaBHEHUM CO CTOMMOCTbIO
COBMECTHOTO MPUMEHEHUA OTAE/NbHbIX MPENapaTos.

3aBeplueHa pa3paboTka, BeAyTcsA AOKIMHUYECKUE UCCNeL0BAHUA TPEX UMMYHOOHKO/IO-
r’MYeCcKMx NpenapaTos, aHaIorM KOTOPbIX OTCYTCTBYIOT Ha pbiHKe. BCD-144 akTusupyeT npo-
TMBoonyxonesble T-MMMOOLUTLI, KOTOPbIM BO3BPALLEHA CNOCOBHOCTL pacno3HaBaTb Ony-
XOneBble KNeTKM ¢ nomoubio aHTU-PD1 npenapatos. BCD-106 genaet onyxoneBble KNETKU
BUANUMBIMW AN1A eLLEe OAHOW NONYNALUMN KNETOK UMMYHHOM cuctemMbl — ana paroumTos. BCD-
180 aKkTUBMpYET eLle OAHY NOMyAALUI MMMYHOKOMNETEHTHbIX K/IETOK, 06/1aZatoLLyto Bbl-
paKeHHbIM NPoTMBOONYXoNneBbiM apdekTom — NK-KNeTku (HaTypanbHble Kuanepbl).

[JaHHble npenapaTbl NO3BO/IAT CO34aBaTb HOBblE BbICOKOIpDEKTUBHbIE KOMOUHaL MK,
noTeHumanbHo obnagatowme apPeKTUBHOCTbIO B TeX 006/1aCTAX OHKOOMMU, TAe MMMYHO-
TepanuA He Bcerga apdekTnsHa, nam 3abonesaHne cTaHOBUTCA YCTOMYMBO K BO34ENCTBUIO
oAHoOro npenapara.

[na Toro, 4tTobbl 4OOBUTLCA BLICOKUX PE3Y/LTATOB JIEYEHWSA MPU MNI0X0 OTBEYAIOLWMX Ha
MMMYHOTEPANUIO ONYyX0AX, HEOOXOAMM LLe/bIM PAL UMMYHOTEPANEBTUYECKMX MPENapaTos
C Pas/IMYHBIMM TOYKAMM BO3LENCTBUA. KOMMNaHMA CTpeMUTENbHO pacluMpsAeT CBOM MoOpT-
benb MMMYHOOHKONIOTMYECKMX MPenapaToB U pa3pabaTbiBaeT B HacTosllee Bpems bonee
15 pas3nnyHbIX MONeKyn.
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Nitroalkanes as precursors for azoles synthesis
Aksenov N.A.*, Khamraev V.F.}, Aksenova L.V., Rubin M.%, Aksenov A.V.*

IDepartment of chemistry, North Caucasus Federal University,
355011, Russia, Stavropol, Pushkina St., 1
2Department of chemistry, University of Kansas,
66045, USA, Lawrence, Irving Hill Road, 1567

In our previous works we had shown nitroalkanes in polyphosphoric acid meduim
serves as flexible reagent undergoing different transformations on various substrates under
pretty similar conditions. Methods of amination, carbamoylation of arenes was developed
which are in the base of many heterocyclization processes that was found in our laboratory
past years. In such a manner, benzoxazoles, benzimidazoles, isatins, isoquinolines can be
prepared.

Oxadiazole ring are matter of particular interest in terms of biological activity, being
present in a large number of active substrates. This makes this fragment one of the most
favored in the search for new drugs. On the base of previous works we have proposed that
acylhydrazides and nitroalkanes can act as precursors of 1,3,4-oxadiazoles. When we tested
this approach we had found that 1,3,4-oxadiazole can be prepared in polyphosphoric acid
medium with yields from good to quantative.

O R2CH,NO 1 O R2?
2NU) R
NH . X
R1JJ\H/ 2 " PPA N—N

As a development of this ideas thiadiazoles can be prepared or 2-pyridylhydrazines can
be involved into this reaction to give corresponding 3-methyl-[1,2,4]triazolo[4,3-a]pyridines

This work was financed by the Russian Foundation for Basic Research (grant #18-33-
20021 mol_a_ved).
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Physiological activity of new 1,3,4-thiadiazine derivaties
Alisultanova N.!, Vakhnina N.}, Bojko E.?, Sidorova L.%, Chupakhin 0.23

IFederal Research Centre “Komi Science Centre of the Ural Branch of the Russian Academy
of Sciences, 167982, Russia, Syktyvkar, Pervomaiskaya street ,50
2 B.N. Yeltsin Ural Federal University, 620002, Russia, Yekaterinburg, Mira street,19.
3 |.Ya. Postovsky Institute of Organic Synthesis, Ural Branch of Russian Academy of Sciences,
620990, Russia, Ekaterinburg., S. Kovalevskaya street,22 / Akademicheskaya street, 20.

New 1,3,4-thiadiazine derivatives were synthetized at the 1.Ya. Postovsky Institute of Or-
ganic Synthesis of Russian Academy of Sciences (Yekaterinburg, Russia) under the leadership
of academician O.N. Chupakhin. The 1,3,4-thiadiazine class is known for a wide range of
physiological activity. The aim of our work was to study the effects of new 1,3,4-thiadiazins
on the energy processes of rat liver mitochondria in vitro as a result of determining succi-
nate dehydrogenase activity (SDH; EC 1.3.99.1), one of the key mitochondrial Krebs Cycle
and electron transport chain (ETC) enzymes involved in the adenosine triphosphate (ATP)
formation [1].

The liver mitochondria of Wistar rat male (n=7, m=300150 g) were isolated by differential
centrifugation. Mitochondria were incubated for 10 min with solutions of 1,3,4-thiadiazines
at a concentration of 10 mg / ml. The SDH activity of mitochondria was determined by the
ferricyanide method.

The SDH activity in liver mitochondria of the control rats was 10.1+2.5 nmol/min per 1
mg of protein (Fig. 1). The 1,3,4-thiadiazine derivatives, with the exception of compound
L-6, had an inhibitory effect on the enzyme activity to varying degrees: L-2 reduced the SDH
activity by 30%; L-5, L-8 - by 50%; L-4, L-7, L-14 - by 67%; L-9, L-17 - by 80%; L-10, L-29 - by
86% (Fig. 1). The inhibitory effect of 1,3,4-thiadiazine derivatives on the SDH activity is due
to the presence of the morpholine derivative in their chemical structure and depends on the
nature of the substituent in the in the 2nd and 5th positions of the thiadiazine ring.

[nmol succinate per
minute] / mg protein
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Fig. 1. SDH activity in rat liver mitochondria before and after exposure to 1,3,4-thiadiazine derivatives
(* - differences are significant at p <0.05, ** - at p <0.01, *** - at p <0.001, relative to the control,
using the Kruskal-Wallis statistical test).
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Early drug discovery for type 2 diabetes mellitus:
An academia perspective

Babkov D'l, Spasov A.l’ Lozinskaya N.Zl Milaeva E.2, Shtyrlin Y.2, Zhukovskaya O.*

Department of Pharmacology and Bioinformatics, Volgograd State Medical University,
400001, Russia, Volgograd, KIM, 20
2Department of Medicinal Chemistry and Fine Organic Synthesis, Moscow State University,
119234, Russia, Moscow, Leninskie gory 1, Build. 3
3Kazan Federal University, 420008, Russia, Kazan, Kremlyovskaya 18
“Institute of Physical and Organic Chemistry, Southern Federal University, 344090, Russia,
Rostov-on-Don, Stachki 194/2

Type 2 diabetes mellitus and related metabolic disorders represent a major health concern
and growing burden worldwide and in Russia. Underlying molecular mechanisms are also
largely involved in other pathologies, including obesity, cancer, aging, neurodegeneration,
and cardiovascular diseases. Therefore, identification of new compounds with antidiabetic
potential is of great interest in the metabolic disease area.

The majority of drugs today come from commercial pharmaceutical and biotech
companies [1] which heavily rely on high-throughput screening campaigns to identify novel
biologically active entities. Hit identification rates are way below 1% [2] while R&D costs are
high. Drug development in academia is hampered by limited resources, lack of know-how,
and lack of a regional ecosystem. At the same time, academic expertise empowered with
modern approaches and collaborative networking may provide a cost-effective venue for
valuable early-stage drug discovery.

In our current project, we pursue potential antidiabetic agents. Collection of ca. 2500
drug-like compounds was obtained through collaboration with 9 academic institutions.
ChEMBL mining afforded published active compounds against therapeutically relevant
targets. Pharmacophore fingerprint calculation coupled with expert examination was
used to build focused libraries of previously untested ca. 500 compounds. Biochemical
screening with subsequent disqualification of apparent hits (poorly soluble, aggregators,
redox-active) identified 49 true hits against 7 target proteins. Follow-up cellular and animal
assays provided validated leads for further development of first-in-class antidiabetic agents:
micromolar MST1 and PTP1B inhibitors, glucokinase activator, and submicromolar AMPK
activator and GSK3B inhibitor.
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Reactions of tertiary cyanothioacetamides with azides
Bakulev V., Dianova L., Saveliev D., Beryozkina T., and Beliaev N.
TOS Department, Ural Federal University, 620002 Russia, Yekaterinburg, Mira str. 19

Sulfonyl azides, mostly tosyl and mesyl azides, exhibit diverse reactivity and are widely
used in organic synthesis. They serve as diazo transfer agents, allowing to synthesize
various types of diazo compounds from C-H acidic compounds, azides from amines and
N-unsubstituted 1,2,3-triazoles from enamines. In cycloaddition reactions onto acetylenes
leading to 1-sulfonyl-1,2,3-triazoles they are the source of the sulfonyl triaza fragment.
In the synthetic approach to N-sulfonyl derivatives of diamino alkenes by reactions with
enamines they serve as the source of sulfonyl imino fragments. In the last decade, two
powerful synthetic methods were developed based on metal catalyzed processes for the
generation of N-sulfonyl azavinyl carbenoids and N-sulfonyl ketenimines from acetylenes
and sulfonyl azides followed by interactions with various nucleophilic reagents to form a
huge variety of different types of valuable heterocyclic and organic compounds, such as
amidines, sulfonamides, azadienes, a-aminoketones, cyclopentadienes, etc. Also in these
reactions sulfonyl azides provide sulfonylimine fragments to the reaction products. Reactions
of sulfonyl azides with various kinds of thioamides are carefully studied by Hatanaka and
Bakulev groups [1, 2]. These reactions being carried out in the absence of a base are given
an access to N-sulfonyl amidines. Recently we have shown that cyanothioacetamides react
with azides to form 1,2,3-triazoles 2 and 1,2,3-thiadiazoles 3 and 4 depending on the nature
of azide and thioamide and base used.

Short review on reactivity of azides towards thioamides will be presented here.

s RSO,N
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Design of pyridoxine-based hybrid and dipharmacophore structures

Balakin K.V., Strelnik A.D., Pugachev M.V., Pavelyev R.S., Shtyrlin N.V.,
lksanova A.G., Shtyrlin Yu.G.

Research and Educational Center of Pharmaceutics, Kazan Federal University,
420008, Russian Federation, Kazan, Kremlyovskaya str, 18

The design of hybrid and dipharmacophore structures is a valuable approach in medical
chemistry, which allows us to harness the potential of the synergistic interaction of the
initial pharmacophores. The pyridoxine molecule (vitamin B6) provides rich opportunities
for chemical functionalization and med-chem design. In the present work, three examples
of the development of promising pyridoxine-based drug candidates in actual therapeutic
areas are discussed: anticholinesterase carbamates 1 [1], antitumor analogs of trans-
stilbene modulators of estrogen receptors 2 [2], and anti-inflammatory dipharmacophore 3
[3]. In all of these cases, the use of the above strategy in combination with the bioisosteric
approach has led to a significant improvement in the activity and/or safety profiles of the
original pharmacophores.
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Derivatives of Glycyrrhizinic acid as inhibitors of Dengue and Zika viruses
Baltina L.}, Lin C.2, Baltina L. (jr.) * and Kondratenko R.!

Laboratory of bioorganic chemistry and catalysis, Ufa Institute of Chemistry UFRC RAS,
450054, Russia, Ufa, prospect Oktyabrya, 71
2Department of Medical Laboratory Science and Biotechnology, China Medical University,
40402, Taiwan, Taichung, Hsuen-Shih Rd., 91

Dengue (DENV) and Zika (ZIKV) flaviviruses distributed by Aedes sps. mosquitoes, have
caused epidemics in Asia, the Caribbean, Central and South America in recent years, and
there are no licensed vaccines and post-infectious therapy against them [1,2]. ZIKV infection
is especially dangerous for pregnant women, as it can lead to fetal microcephaly [2]. The
preferred strategy of modern medical chemistry is the use of natural compounds with
established activity as platforms to create new antiviral agents [3].

This work is devoted to the synthesis of a focused library of Glycyrrhizic acid (GA)
derivatives, the main triterpene glycoside of licorice roots (Glycyrrhiza glabra L., Gl.
uralensis Fisher) and the screening of the antiviral activity of the compounds obtained for
DENV and ZIKV in vitro. Benzal hydrazides, amino acid and dipeptide conjugates of GA have
been synthesized, among which highly active compounds have been found for the first time
inhibiting the cytopathic effect, infectivity and the release of DENV2 and ZIKV viruses in

vitro.
COOH

OH

The study was performed according to the state assignment AAAA-A18-118020590121-6 and with the
financial support of the R F B R and Taiwan grant 18-53-52004_a
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The new synthesis of N-aryl-4-(5-nitrofuran-2-yl)-pyrimidin-5-amines and
their antitubercular activity

Baskakova S., Verbitskiy E., Rusinov G., Chupakhin O. and Charushin V.

Postovsky Institute of Organic Synthesis, Ural Branch of the Russian Academy of Sciences,
620990, Russia, Ekaterinburg, S. Kovalevskoy Str., 22

In previous paper 5-arylamino-4-(5-nirtofuran-2-yl)pyrimidines by the Buchwald-
Hartwig cross- coupling with various anilines has been derived [1]. All synthesized
compounds demonstrated a significant level of in vitro antibacterial activity against Nesseria
gonorrhoeae, Streptococcus pyogenes and Staphylococus aureus, including their drug-
resistant stains, and low cytotoxic effect on McCoy B cells as compared to commercial drug
Spectinomycin as a standard.

In the present studies, the reaction conditions have optimized. The starting 5-bromo-
4-(furan-2-yl)pyrimidine was coupled with the corresponding anilines under microwave
irradiation in presence of XantPhos as a most effective ligand, that reduced the reaction
time from 15 h to 10 min and allowed to increase yields. The obtained compounds were
screened for their antimicobacterial activity.

/ |
R
B Pd(OAc)s (10 mol.%), XantPhos(20 mol. %), e,
N NH2 1.po, (2,5 equiv.), MW, 150 °C, 10min i
L Ao T oA NS
NTY Nop L TR 1,4-dioxane L J
Buchwald-Hartwig cross-coupling b | NO,

R=H, Me, OMe

The synthetic path was supported RFBR No18-33-00103 mol_a. The biological assay was
supported RSF (project No 15-13-00077 P).
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Mechanism of the antiviral action of camphecene analogs:
molecular modeling

Borisevich S.S.ll Yarovaya 0.1.2, Sokolova A.S.?, Zarubaev V.V.3, Salakhutdinov N.F.2

I Laboratory of Chemical Physics, Ufa Institute of Chemistry UFRS RAS,
450078, Russia, Ufa, Octyabrya Av., 71
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Chemistry, Siberian Branch RAS 630090, Russia, Novosibirsk, Lavrentjev Av., 9
3Department of Virology, Saint-Petersburg Pasteur Institute,
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According to the results of theoretical studies and biological experiments [1] camphecene
(product of interaction between camphor and aminoethanol) can bind in two of the possible
active hemagglutinin (HA) sites: on the border of subunits of HA1 and HA2 in the region of
the fusion peptide and in the lower part of the protein in the region close to the proteolytic
cleavage site. The binding of it in the second active site of HA lead to V615L mutation and
to form camphecene-resistant virus strain. However these arguments do not deny the
possible influence of camphecene on another potential biological target. The possibility of
itinteraction with proton M2 channel was estimated by molecular dynamic method (figure).
Ligand locates into the channel and form hydrogen bonds with ASN31. This allows us to
consider camphecene as a potential multitargent ligand.

Figure Camphecene location into
proton M2 channel (PDE code: 2L0OT):

molecular dynamic modeling result

Camphor imine derivatives [2] (camphecene analogies) also show pronounced antiviral
activity. It is possible that these compounds inhibit only hemagglutinin through interaction
with one active center or with both. Can be camphecene analogues also multitarget drug-
like molecules? Then we will describe mechanism antiviral activity of new potential antiviral
agents using molecular modeling methods.

This work was financially supported by the Russian Sceintific Foundation (Grant No. 15-
03-00193)
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The approach to polyfluoroalkylated pyrazoles
with multiple biological activities

Burgart Ya., Shchegolkov E., Agafonova N., lvanova A.,
Khudina 0., Elkina N. and Saloutin V.

Postovsky Institute of Organic Synthesis UB RAS, 620990, RF, Ekaterinburg, S. Kovalevskoi, 22

Pyrazoles are pharmacologically privileged structures, since their derivatives not only
exhibit the wide range of diverse biological effects but they are actively used in clinical
practice.

In the report, the features of the formation of polyfluoroalkyl-containing pyrazole
framework, as well as the possibility of its modification are considered. The reaction of
alkylation, ribosylation, alkoxy - and hydroxymethylation, nitrosation, azo-coupling,
reduction, cross coupling, and others were used as methods for chemical modification. The
functionalized polyfluoroalkylpyrazoles with different substituents at the various positions
were synthesized. The tuberculostatic, antibacterial, antifungal, antioxidant, cytotoxic
activities of the synthesized compounds were evaluated in vitro tests. Their analgesic activity
and acute toxicity were established in vivo experiments. The most promising compounds
for following chemical modifications and biological testing were revealed. The “structure
— activity” regularities, which can be useful for the drug design based on pyrazole scaffold,
were determined.

Possibilities of chemical modification:

Biological activities:

analgesic,
anti-inflammatory,
antiviral,
antifungal,
anti-tuberculosis,
hypoglycemic,
antibacterial

R = CF;, CFyH, C,Fs C,F H, C3F; C,F, etc;
R!=H, Ar, Het, CO,X, N=NAr(Het), N=0, NH} etc;
R?= H, Alk, Ar, Het, OH, CO,X;

R®, R*= H, Alk, Ar, Het, CSNH,, COAr(Het)
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Chiral terpenophenols as a platform of new highly active
biomolecules for medicine

Chukicheva 1.Yu., Buravlev E.V., Dvornikova I.A., Popova S.A.,
Fedorova 1.V., Kutchin A.V.

Institute of Chemistry, Komi Science Centre,
Ural Branch of the Russian Academy of Sciences,
167000 Russian Federation, Syktyvkar, Pervomaiskaya ul., 48

Natural compounds are bioactive and have high bioavailability due to their specific
interactions with target macromolecules in living organisms. Therefore, the sequence motif
and the basic skeletons of bioactive natural compounds can serve as guidelines for the
synthesis of new molecules with high biological significance. Phenols can be highlighted
among the various compounds of natural origin. It is an important and very common in
nature class of compounds, many of which are found in plants and involved in a variety
of growth and development processes. The presence of phenolic compounds often causes
the medicinal properties of plants. Substituted phenol can be defined as structural unit of
many biologically and pharmacologically active compounds. The search for approaches to
the synthesis of analogues of natural biologically active phenols and new polyfunctional
derivatives of phenols is a promising line of research.

We have developed methods for the selective synthesis of terpenophenols [1]. A series
of analogs of natural phenolic compounds have been obtained: chroman type ethers,
prenylphenols, diarylalkanoids, coumarins, chalcones [2]. Synthesis of new N,O,S-containing
derivatives of isobornylphenols has been carried out [3]. Synthesized racemic and enantio
enriched isobornylphenols and their derivatives are promising compounds for the creation
of drugs of various actions [4].
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Synthesis of Nanomaterials Based on Fe O, Magnetic Nanoparticles
and pH-Targeted Peptide pHLIP
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3 National University of Science and Technology “MISIS”,
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It is known that pH-low insertion peptide (pHLIP) can be used as a targeting molecule for
delivery of nanoparticles or diagnostic agents to tumor tissues. The purpose of this work is
to obtain nanomaterials based on Fe,O, magnetic nanoparticles (MNPs) and pHLIP, as well
as to study the peculiarities of their biodistribution in the bodies of tumor-bearing animals.

MNPs (10 nm) obtained by co-precipitation method from solutions of Fe** and Fe?* salts,
coated with SiO, and modified with 3-aminopropylsilane were used. pHLIP was conjugated
either using 6-maleimidohexanoic acid N-hydroxysuccinimide ester as a linker (bearing an
activated carboxyl group to bind to amino groups on MNP surface, and maleimide group to
bind to thiol group of the peptide) by analogy with [1] (MNPs-pHLIP-1) or using polyethylene
glycol containing similar terminal groups in its structure (MNPs-pHLIP-2).

pHLIP
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The possibility of specific accumulation of MNP conjugates with pHLIP in media with a
low pH was demonstrated in experiments in vitro and in vivo. As an example, the possibility
of MNPs-pHLIP-2 binding to tumor cells and MRI imaging of a tumor in vivo was shown.

This work was financially supported by the Russian Foundation for Basic Research (project
no. 18-015-00319) (in part of synthesis and biological investigations of nanoconjugates).
Characterization of nanoparticles by physical and chemical methods was carried out in the
framework of the State Assignment of Russia (project no. AAAA-A19-119011790130-3).
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Drug Interaction Prediction using Chemoinformatics Methods
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Drug-drug interaction (DDI) phenomenon may occur when several drugs are combined.
Many DDIs are associated with changes in drug metabolism that performed by Drug-
Metabolizing Enzymes (DMESs). In this case, DDI manifests itself as a result of the effect
of a one drug on the biotransformation of other drug(s), its slowing down (in the case of
inhibiting DME) or acceleration (in case of induction of a DME), which leads to a change in
the pharmacological effect of the combined drugs.

We used one of the most advanced DDI severity classification systems - the OpeRational
ClassificAtion (ORCA) system for the classification of DDI, that was created for doctors
to assess the risk of co-administration of two drugs. ORCA divides DDI into five classes:
contraindicated (class 1), provisionally contraindicated (class 2), conditional (class 3),
minimal risk (class 4), no interaction (class 5). For a computer prediction of DDI severity, we
assembled a training set consisting of several thousands of drug pairs. DDI classes prediction
is based on a combination of modified MNA PoSMNA descriptors (multilevel neighborhoods
of atoms) and a classification algorithm implemented in the PASS (Prediction of Spectra
Activity for Substances software).

The average accuracy of DDI classes is about 0.9.

The Russian Science Foundation (grant No. 17-75-20250) has supported the work.
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Conformationally fixed tricarbocyanines modified with B-alanine, as the
basis for the vector delivery of biogenic molecules
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The effective fluorescence of tricarbocyanine dyes in the near infrared region allows
their use in medicine and biology. The formation of complexes with transport proteins of
the blood (for example, serum albumin HSA) is another key factor due to which they can be
used in angiography [1].

As reagents that effectively participate in the modification of conformationally fixed
tricarbocyanines at the meso-position, w-amino acids, for example, B-alanine, have been
described [2]. In the framework of this study, a series of symmetric conformationally fixed
tricarbocyanines based on indolenin and benzindolenin was synthesized and a meso-
position was modified by B-alanine. The molecular docking method was used to evaluate
the possibility of binding the previously described modified dyes A with HSA and it was
shown that the interaction of the ligand with the protein is possible at three binding sites
of IIA, IIIA and IIB. The optical properties of the dye-albumin complexes were studied
using spectrofluorimetry and time-resolved fluorimetry (TCSPC). The binding constants of
modified tricarbocyanines A with BSA are determined.

R=R=CH; (n=2)
SO,  (n=4)
C(O)OEt (n=4)

R'= SO4(n=4) R = C(O)OEt (n=4)

References

[1] M.V. Proskurnina, T.A. Podrugina, V.A. Kuzmin, T.D. Nekipelova, N.S. Zefirov, Fluorophores with
indolenin scaffold and their use in biomedical purposes. Ufa: Hilem, Bashk. encycl., 2016.

[2] K. Kiyose, S. Aizawa, E. Sasaki, H. Kojima, K. Hanaoka, T. Terai, Y. Urano, T. Nagano, Chem. Eur. J.
20009, 15, 9191 - 9200.



Oral presentations 45

Nucleoside analogues as promising inhibitors of DNA repairing enzymes
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Alkylating drugs that react with heterocyclic bases of nucleic acids and cause DNA
damage are used in the treatment of many forms of cancer. DNA repair systems resist
the action of alkylating drugs that damage DNA. Thus, the therapeutic effect depends on
the effectiveness of DNA repair systems. Selective inhibition of DNA repairing enzymes in
combination with alkylating drugs can be the basis of a very effective anticancer therapy.
The DNA repairing enzymes poly(ADP-ribose) polymerase-1 (PARP) and tyrosyl-DNA-
phosphodiesterase 1 (Tdpl) can be considered as promising therapeutic targets for the
treatment of oncological diseases [1, 2]. Recently we have identified a novel class of Tdp1
inhibitors based on disaccharide nucleosides and some related compounds. We have tested
more than 50 compounds with half-maximal inhibitory concentration being in 0.4-18.5 uM
range for the most effective inhibitors investigated in this experiment. Some disaccharide
compounds and their derivatives were also tested with human recombinant PARP-1. The
most effective inhibitors of Tdp1 on the basis of thymine, guanine and 5-iodouracil, which
contained two D-ribose residues, linked together with B-(1->2)-O-glycosidic bond and
modified with several benzoyl groups, demonstrated relatively low own cytotoxicity and
strengthened the action of the anticancer drug topotecan in 2-6 times.

This work was supported by Russian Foundation for Basic Research (project No 18-29-
09037).
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Drug-drug cocrystals of antituberculous 4-aminosalicylic acid

Drozd K.V., Manin A.N.
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4-Aminosalicylic acid (PASA) is a second-line drug used in the treatment of multidrug-
resistant tuberculosis [1]. According to the Biopharmaceutical Classification System, PASA
is located on the boundary between classes Il and IV with low solubility and permeability
about 80% [2]. Additionally, PASA is an unstable compound, which is inclined to irreversible
decarboxylation with formation of toxic 3-aminophanol in solid state and aqueous solution
[3, 4]. One of the perspective approaches to improve solubility and stability of active
pharmaceutical ingredients is cocrystallization. Cocrystal is multi-component crystal that is
formed between two (and more) compounds that are solids under ambient conditions and
held together by non-covalent interactions [5]. The aim of our investigation is to find novel
cocrystals of PASA, characterize them using a wide range of experimental methods (powder
and single crystal X-ray diffraction, differential scanning calorimetry, thermogravimetric
analysis) and study dissolution processes and stability in solutions. Pyrazinamide
(PyrAm), nicotinamide (NAM), isonicotinamide (iNAM), isoniazid (IZN), caffeine (Caf) and
theophylline (Tph) were selected as the second cocrystal compounds — coformers. Three
new PASA cocrystals with pharmaceutically acceptable components (iNAM, Caf, Tph) have
been prepared by both solvent-drop grinding and solution techniques. The thermochemical
and solubility properties for all the obtained cocrystals have been studied. Cocrystallization
has been shown to lead not only to PASA solubility improving but also to its higher stability
against the chemical decomposition.

This work was supported by the Russian Science Foundation (No. 17-73-10351)

References

[1] J. Zheng, E.J. Rubin, P. Bifani, V. Mathys, V. Lim, M. Au, J. Jang, J. Nam, T. Dick, J.R. Walker, K.
Pethe and L.R. Camacho, J. Biol. Chem., 2013, 288, 23447-23456.

[2] WHO, 2006. http://apps.who.int/iris/bitstream/10665/43443/1/WHO TRS 937 eng.pdf.
[3] M. Wesolowski, Thermochimica acta, 1977, 21, 243-253.

[4] R.F. Rekker and W. Th. Nauta, Pharm. Weebl., 1956, 91, 693-704.

[5] G.R. Desiraju, CrystEngComm, 2003, 5, 466—467.



http://apps.who.int/iris/bitstream/10665/43443/1/WHO_TRS_937_eng.pdf

Oral presentations 47

Efficacy and safety of ligands for TRPV1 receptors
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Solve the problem of pain treatment and minimize undesirable manifestations, possibly
acting on a single pain target, selectively modulating pain receptors. Pharmacogenetic
approaches have identified molecular targets - TRPV1 receptors. Sensitive neurons that
detect TRPV1 play the role of an integrator of pain-sensing stimuli (Freichel et all., 2001,
Levine et all., 2007), which makes it possible to study the receptor as a promising therapeutic
target in treating and arresting painful stimuli (Caterina et all., 2001, Szallasi et all., 2007).
From the extract of sea anemone Heteractis crispa, natural polypeptide modulators TRPV1,
called Analgesic Polypeptide Heteractis Crispa (APHC) (Philyppov et all.,, 2012), were
isolated. The ARNS1 polypeptide (Mr ~ 6187Da), ARNS2 (Mr ~ 6185Da), the amino acid
sequence of which differed from ARNS1 by a single substitution of Val31 by Pro31 (Andreev
et al. 2009) and ARNS3 (Mr ~ 6111Da) differing from APCH1 by replacing Argl8 by Pro18
and Ala52 by Gly52 (Kozlov et all., 2009). Selected polypeptides not only inhibit the TRPV1
receptor in model experiments in vitro, but also change the effect on potentiating when
using small concentrations of activating agents. After analyzing the constructed three-
dimensional models of the APHC1 and APH3 peptides, they identified several functionally
important residues of modulating TRPV1 and collected them in a new hybrid molecule, A13
(Dyachenko et al. 2017). The study was performed on laboratory animals, rats, mice.

The results showed that a single substitution of the amino acid chain can lead to a change
in activity (a drop in the analgesic ability of APCH3> APCH1> APCH3 and a complete change
in the pharmacological properties of the molecule. The analgesic activity of the APCH 1-3
and A13 polypeptides in the biomodels of pain, directed through the TRPV1 receptor, It has
a pharmacological effect in the dose range of 0.01-10 mg / kg. The polypeptide compounds
APCH1-3 do not affect the hemostasis system, structural changes and can affect the CVS.
APCH1-3 have an analgesic effect This activity, as in the tests related to the functioning of
the TRPV1 receptor (capsaicin test, hot plate, CFA test), and standard pain models (formalin
test, acetic cramps). Toxicological studies revealed a high safety of the studied substances.
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In the Russian Federation, preclinical studies of medicinal products for medical use are
monitored by Roszdravnadzor by conducting routine on-site inspections of the organization
that performs them. The subject of such inspections is the assessment of compliance with
the requirements established by: Federal Law No. 61-®3 dated April 12, 2010 “On Appeals
of Drugs”; by order of the Ministry of Health dated 01.04.2016 No. 1999n “On the approval
of the rules of good laboratory practice”; GOST 33044-2014 “Principles of good laboratory
practice” (GLP). Information on the results of on-site scheduled inspections of organizations
performing preclinical studies of drugs for medical use can be found on the Roszdravnadzor
website.

In addition to scheduled inspections of Roszdravravnadzor, in accordance with
Government Decree No. 1172 of December 17, 2013 “On recognition and assessment of
the compliance of testing laboratories (centers) with the principles of good laboratory
practice ...” organizations performing preclinical studies (testing laboratories) can apply
to the Federal Accreditation Service ( Rosaccreditation), which is appointed by the testing
laboratories monitoring body for their compliance with the principles of GLP. The recognition
of compliance with GLP principles is obtained by testing laboratories on a voluntary basis.
Information about the results of inspections Rosakkreditatsii recorded in the appropriate
registry, which can be found on the site. Testing laboratories on a voluntary basis can receive
recognition of compliance with the GLP principles in Rosakkreditatsiya, which may indicate
the basis of the Federal Law dated December 22, 2014 No. 429-®3 “On Amendments
to the Federal Law” On Circulation of Drugs ”. Information on the results of inspections
Rosakkreditatsiya can be used by the Ministry of Health of Russia in assessing the results of
preclinical studies in order to make decisions about the registration of a medicinal product
or to issue a permit for conducting clinical trials.
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2,5-substituted 1,3,4-6H-thiadiazines in the correction of regenerative
processes in experimental diabetes mellitus

Emelianov V.V.}, Sidorova L.P.%, Tseitler T.A.%, Danilova 1.G.*2, Chupakhin O.N.!
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Successful correction of hyperglycemia, oxidative stress and protein glycation by 2,5-sub-
stituted 1,3,4-6H-thiadiazines [1] became the basis for further study of the mechanisms of
experimental diabetes mellitus (DM) correction of by compounds of this class.

In a series of experiments in vivo in models of DM type 1 (alloxan diabetes) and type 2
(streptozotocin-nicotinamide diabetes) in rats was demonstrated the possibility of a joint
correction of hyperglycemia, hypoinsulinemia, protein glycation, oxidative stress and sys-
temic inflammatory response, as well as structural indicators of the pancreatic islets and
kidney, by compounds L-17 (2-morpholino-5-phenyl-1,3,4-6H-thiadiazin, hydrobromide)
and L-14 (2-aminopropylmorpholino-5-phenyl-1,3,4-6H-thiadiazin, dihydrobromide). Com-
pound L-17 reduced the severity of kidney and pancreatic lesions characteristic of experi-
mental DM. Compound L-14 injections increased the degree of apoptosis and proliferative
activity of cells, but no significant reduction in destructive changes in the kidney was ob-
served. The introduction of both compounds, to a greater extent L-17, led to a decrease in
levels of IFN-y, IL-1a, IL-10 and reduced the number of phenotype M2 macrophages in pan-
creatic tissue in alloxane DM. With the introduction of both compounds, the concentration
of IFN-y in the blood, increased in the simulation of type 2 DM, decreases sharply, which af-
fects the indicators of hyperglycemia, hypoinsulinemia and the level of apoptosis in tissues.

Thus, the compounds of 1,3,4-6H-thiadiazines class, which differ in the nature of the
substituent in the positions of the 2 - and 5 - thiadiazine cycle, have a pleiotropic effect
on metabolic and immuno-inflammatory mechanisms of experimental DM development,
modulate regenerative processes in this pathology, and are promising for further study of
antidiabetic activity.

The work is supported by RSF grant, project Ne 16-15-00039.
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Modification of 5,7-dioxycoumarins with azines by nucleophilic
substitution of hydrogen
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5,7-Dioxycoumarins areawidespread among nature compounds, which are demonstrated
a broad spectrum of activity including anti-HIV, antitubercular and antioxidant. However,
often the activity of these compounds does not meet the requirements of modern
pharmacological drugs. In this connection chemists use such a method as modification of
natural coumarins in order to search more active analogues. According to statistics, 2 out of
5 sold drugs have an azaheterocyclic fragment in their structure. Therefore, the development
of methods of the direct modification of 5,7-dioxycoumarins with azines represents an
important trend in this area.

The classic approach to the preparation of azine-coumarin conjugates is the direct
reaction of cross-coupling of halogen- or pseudohalogen derivatives of coumarin compounds
with azaheterocycles in the presence of transition metals as catalysts. In recent time,
methodology nucleophilic substituted of hydrogen (S ") has been developed, allowing C-H/
C-H coupling in one simple step without prior functionalization of the starting compounds
to be carried out.

In the present work we have shown the possibility of using 5,7-dioxycoumarins as
nucleophilic agent in the S " reactions.

This research was financially supported by the State Contract of the RF Ministry of
Education and Science (ref. no. 4.6351.2017/8.9) and Russian Foundation for Basic Research
(ref. no. 18-33-00681)
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Substituted dihydroazolopyrimidines.
Synthesis and tuberculostatic activity.
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7-Aryl-substituted dihydroazolopyrimidines are of great interest as pharmacologically
active compounds, as they exhibit a wide range of biological activities. We have synthesized
a number of dihydroazolopyrimidines with various (het)aryl substituents (R), ether, amide
(R,) and azole fragments by the multicomponent Biginelli reaction. Tuberculostatic activity
of synthesized compounds has been studied.

o o 1,X=N,Y=CH, ,=Ph, Ry=OEt MIC= 1.5 pg/ml
2,X=N, Y =CH, R, = 2-NO,Ph, R, = OEt, MIC = 1.5 pg/ml
Me)]\/u\R2 R, 3,X=N,Y =CH, R, =2,3-MeOPh, R, = OEt, MIC = 12.5 pg/ml
HCI, EtOH COR, 4 X=N.Y=CH,R,=4-COOHPh,R, = OEL MIC = 12.5 pg/ml
+ — XN ] [5.X=N, Y =CH, R, = 2-Thiophen, R, = OEt, MIC =0.7 pg/ml_|
R, X—NH Y\N/)\N Me 6, X=N, Y =CH, R = 3-Thiophen, R, = OEt, MIC =3.1 pg/ml
. A H 7,X=N, Y =CH, R, = 2-Thiophen, R, = OMe, MIC = 12.5 pg/ml
H™ 70 N° 'NH, 8, X=N, Y =CH, R, = 2-Thiophen, R, = OiBu, MIC = 12.5 pg/ml
9,X=N, Y =CH, R, = 2-Thiophen, R, = NH,, MIC = 12.5 pg/ml
10, X =N, Y =N, R = 2-Thiophen,R, = OEt, MIC = 12.5 png/ml

Leader compound 5 showed high activity towards the typical, atypical mycobacterium
and the multi-drug resistant strains (MDR)?, demonstrated high efficacy in the treatment
of experimental tuberculosis (mice and guinea pigs) combined with low toxicity. The
compound has no toxic effect on the liver, kidneys, pancreas and does not affect red blood.
Dihydroazolopyrimidine 5 is recommended for preclinical studies.

Compound | Minimal inhibition concentration | LD, , mg/|
(ng/ml) kg
H,,RV|M.Avium |M.Terrae| MDR
Racemate 5 | 0.7 0.7 0.7 1.5 >4000
(R)-5 0.7 0.7 0.7 0.7
(S)-5 0.7 0.3 0.3 0.7
Izoniazid 0.1 0.1 0.1 - 200

The location of compound 5
in the pocket of DHFR

Patent RU 2654463 (2018)

The work was financially supported by the the Russian Foundation for Basic Research (Ne
16-29-10757-ofi_m) in the part of obtaining the enantiomers of the leader compound and
the Russian Science Foundation (Ne 15-13-00077P) in the part of synthesis and evaluation of
activity of dihydroazolopyrimidines.
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Targeted Molecular Docking
of Antiviral Drug Riamilovir and HSP90
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HSP90 (heat shock protein 90) is one of human proteins which plays a key role in different
phases of development of many viral infections, what makes HSP90 a promising antiviral
drug target. Already in vitro studies showed that inhibition of HSP90 decreases replication
of hepatitis C virus. [1] One of potential HSP90 inhibitors appears to be riamilovir, it belongs
to the family of azolazines and theoretically it can be ligand to the purine protein site of
HSP90. [2]

For determination the possibility of interaction between HSP90 and riamilovir was used
targeted molecular docking with AutoDock Tools 1.5.6, crystallographic structure of HSP90a
N-domain, (PDB ID: 5XRB) was taken for analysis. Before targeted docking was made control
docking with known HSP90 inhibitor (PBD ID: 8DU): was found binding site, it forms the
following amino acide residues - ASN51, ASP54, ALA55, ASP93, GLY135, PHE138, TYR139,
VAL150, TRP162, THR184, VAL186; binding energy is -8.31 kcal/mol, were detected van
der Waals interactions and H-bonds. The targeted docking with riamilovir showed binding
energy is -5.06 kcal/mol, were also detected van der Waals interactions and H-bonds that
form interections with the next amino acid residues: GLN23, ILE26, ILE104, LEU103, GLY108,
PHE138, TYR139, TRP162, PHE170.

Both ligands are docked in the same binding pocket and form interactions with PHE138,
TYR139. The presence of H-bond in best conformation of riamilovir with HSP90a N-domain
suggests that this conformation is stable. The current data permits to relate riamilovir to
HSP90 inhibitors.

References
[1] Y. Wang, F. Jin, R. Wang et al. Arch. Virol. 2017, 162, 3269-3282
[2] O. Kucenes. Bectn meanuuHbl. 2015. 3 (801), 2-3


http://study-english.info/translation-universities.php

Oral presentations 53

Functionalized polyfluoroalkylazoles as perspective structures in analgesic
drugs design
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Pyrazole and isoxazole derivatives overall are of great importance for drug design and
that renders development of new approaches to the synthesis of these structures [1]. Based
on the available fluoroalkyl-containing synthons, lithium 1,3-diketonates 1, we developed
efficient methods for the synthesis of pyrazole derivatives 3, 4 [2] and ones of isoxazole
5 (R*=CF,, HCF,, CF,, H(CF,),; R'=H, R?=Alk, Ar, Het; R'+R?= (CH,),, (CH,),; R® = H, Ph, Het).
For the compounds 4 and 5, the “step by step” and “one pot” synthesis options (both with
and without the separation of oximes 2) were implemented. Further transformations of the
structures 4 and 5 at functional groups are possible for the purpose of expanding the series
of analogs.

NaNo, AcOH No“nﬁ The antinociceptive effect of substituted
°L' - 2 pyrazoles is well known while isoxazoles are less
/ \“yja J explored in this regard. Some of compounds 3-5
were evaluated in the hot plate test (rats, 15 or 25
mg/kg, ip). For N-unsubstituted pyrazoles 3 and 4,
™| moderate activity was observed, which disappeared
NN 0—N with the introduction of the pyrimidine substituent
(R3). A weak to moderate, antinociceptive effect
for 5 was also detected, and in some cases, an activity was manifested on male animals
only. The phenomenon of gender differences in pain and analgesia is known [3], however
additional study is required for elucidation whether any fundamental reasons underlie
gender differences for isoxazoles 5. Most of the studied compounds 3-5 did not show acute
toxicity at the dose of 150 mg/kg (mice, ip) with exception of compound 3 (R*=H(CF,),;
R'=R*=H, R?=Th), the expected LD, value for which lies in the range of 30-75 mg /kg.
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The work was carried out within the state assignment Ne AAA 19-119011790132-7.
Analytical studies were carried out using equipment of the Center for Joint Use “Spectroscopy
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Protein Kinase CK1 inhibitors as Potential Drugs
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The CK1 family is an independent phylogenetic family of highly conserved, monomeric,
and second messenger-independent serine\threonine-specific kinases. In humans six
isoforms of CK1 (a, v1, y2, y3, 6, €) as well as several splice variants were identified.[1]
Members of the CK1 family phosphorylate numerous proteins which are involved in the
regulation of important cellular processes: differentiation, proliferation, DNA repair and
other. Inhibition of CK1 isoforms has shown beneficial effects on the viability and proliferation
of tumor cells in vitro and in vivo.

Benzimidazole nucleus is a part of numerous therapeutic agents while its derivatives
exhibit various types of bioactivity including antioxidant, anticancer, analgesic, antimicrobial,
antiviral, anti-inflammatory, antiparasite etc. We report a novel synthetic approach to new
benzimidazole, benzothiazole and benzoxazole derivatives bearing N-sulfonyl acetamidine
groups and preliminary data on their inhibition of casein kinases (Scheme 1).
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Selected compounds were initially screened for their activity against different CK1
isoforms.
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Development of small molecule inhibitors
of Bruton’s tyrosine kinase (BTK)

Gorbunova S., Gavrilov A., Kozhemyakina N., Kushakova A.,
Yakovlev P., Ustjugov Y., lvanov R.

JSC BIOCAD, 198515, St.-Petersburg, Strelna, Svyazi Street, 34, Lit. A

Bruton’s tyrosine kinase (BTK) is a validated target in B-cell malignancies. Btk is a
cytoplasmic tyrosine kinase, a member of the Tec family kinases. Btk plays a crucial role in
the BCR signaling, which mediates B-cell proliferation, migration, and adhesion.

Ibrutinib, first-in-class BTK inhibitor, approved by FDA in 2013, has been in clinical use for
the treatment of chronic lymphocytic leukemia, mantle cell ymphoma, and Waldenstrom'’s
macroglobulinemia [1, 2].

Based on structure of the target we designed and synthesized a few series of compounds,
that possess nanomolar BTK affinity and bind irreversibly to BTK protein. Due to the rational
design of chemical structures, it was possible to achieve better activity/toxicity profiles than
Ibrutinib.

Obtained compounds show promising activity as next in class BTK inhibitors.

In silico modelling of irreversible binding to Cys481 in the kinase domain of BTK.
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Metal complexes of natural chlorins as diagnostic
and therapeutic agents in oncology

Grin M.A.
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For the entire duration of this scientific work, a strategy has been developed for the
synthesis of gold (I) thiolate complexes based on natural chlorins. The basis of this strategy
is the synthesis of complexes based on sulfur-containing biologically active compounds
(cysteine and amiethanethiol) and triphenylphosphineaurate chloride, followed by
amidation of the leader PS - dipropoxyBPl. This path was chosen due to the fact that
the direct synthesis of gold (I) complexes with thiol-containing bacteriopurupurinimide
derivatives causes oxidation and disulfides are formed. Using this approach, a series of
gold (1) thiolate complexes was synthesized, the most interesting of which was a compound
containing two cysteine-TPPA residues. In vitro tests of the obtained complexes were carried
out on cells with increased resistance to oxidative stress Hep2, HCT116 and HCT116p53KO.
In all the complexes, both dark and photoinduced biological activity and increased efficiency
were found in comparison with dipropoxyBPI and disulfide PS. Analysis of the obtained data
allowed us to identify the leader compound for further in vivo testing. This compound was
a PS modified by two gold (I) cysteine complexes. Its effectiveness was 2.5-3 times higher
than that of the original PS - dipropoxy - BPI. In vivo tests were performed on mice with S37
sarcoma. During tests of this complex, both dark and photoinduced activities were detected.
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Transformation of the triterpenic ring A in synthesis
of biologically active agents

Grishko V.

Institute of Technical Chemistry of Ural Branch of the RAS,
613013, Russia, Perm, Korolev st., 3

The development of multidrug resistance (MDR) of tumor cells, as well as of the drug-
resistant strains of microorganisms and viruses against the high toxicity background of
the majority of modern chemotherapeutical drugs necessitate the creation of medicines
that would overcome various mechanisms of resistance. The plant-derived polycyclic
triterpenoids are popular as synthetic platforms for the development of biologically active
agents. In our exploratory studies, we used the lupane (betulone, betulonic and betulinic
acids) and oleanane (allobetulin, allobetulone) derivatives of the pentacyclic triterpenoid
betulin as the main component of birch bark.

To obtain original structures, apart from the directed transformation of functional groups
of triterpenoids which is traditional for the chemistry of natural compounds, the methods
for modifying the triterpenic skeleton by the selective fragmentation and subsequent
intramolecular regioselective cyclization proceeding with contraction or expansion of the
ring A and leading to the formation of new pharmacophoric fragments in triterpenic ring
A have been developed. As a result of the conducted research, original 1,3-, 1,10-, 2,3-
, and 3,4-secotriterpenoids with new functional groups at C3, C20, C28, C29, and/or C30
position, as well as C1, C2, C3, C4, and/or C5 functionalized 1,3-, 1,31, 2,31, and 2,24-cyclic
triterpenoids with fragments of nitrile-diene, nitrile-hydroxyketone, nitrile-hydroxymine,
nitrile-ketone, nitrile-enone and enamino-nitrile in the five-, six- or seven-membered ring A
have been synthesized.

The antiviral properties of a number of the compounds were confirmed in vitro against
HIV-1, herpes simplex virus of 1 and 2 types (including the acyclovir-resistant strain of
the herpes virus) and tested under conditions of experimental skin herpes of laboratory
animals. The ester and amide derivatives of 2,3-secotriterpenoids with virucidal properties
that effectively suppress HIV-1 by direct contact with the virus particles and are promising
for the development of anti-HIV microbicides are of practical interest. The triterpenoids that
are highly cytotoxic against various tumor cell lines and their MDR-variants, the mechanism
of action of which is governed by induction of apoptosis of the cancer cells with activation
of caspases 8, 3/7 and inhibition of the functions of the transport protein P-gp responsible
for development of MDR have been selected.

The work was sponsored by a Complex Program of the Ural Branch of the
RAS (Neo 18-7-3-4).
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Synthesis of novel nido-carboranyl amino acid analogues,
potential BNCT agents
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Boron neutron capture therapy (BNCT) is an efficient method for treatment of tumors.
It is based on the combined use of preparations containing boron-10 nuclei and thermal
neutron irradiation [1, 2]. Boron-containing amino acid derivatives are attractive agents for
targeted boron delivery into tumor [3].

We synthesized a series of novel analogues of natural amino acids containing a
7,8-dicarba-nido-undecaborane (nido-carborane) fragment. Acylation of 3-amino-closo-
carborane (1) with N-Boc-(S)-amino acids readily afforded amides 3a-h. Deboronation under
the action of CsF followed by N-deprotection resulted in the formation of nido-carboranyl
derivatives 4a-h as zwitter-ions.
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o, 2
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2g: Boc-Trp-OH 3c, 4c:R'=CH,Ph,R2=H 3¢, 4g: R" = CHy(indol-3-yl), R* = H
2h: Boc-Pro-OH 3d, 4d: R" = CH,OH, R2=H 3h: R'-R? = (CHy); (cyclo)

nido-Carboranyl-amino acids 4 (in the form of salts) are highly soluble in agueous media
that makes them the promising BNCT agents suitable for biological tests.

The work was financially supported by the Ministry of Science and Higher Education of
the Russian Federation (project no. AAAA-A19-119012490007-8).
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Photocatalitic activity of chlorine complexes with polyvinipyrrolidon and
polysaccharides as agents for antibacterial photodynamic therapy

Hasanova 0.V.t, Aksenova N.A.}, Timofeeva V.A.%, Zarkhina T.S. %,
Glagolev N.N.! and Solovieva A.B.*
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Bacterial infections have been a constant threat to human health throughout the history
of mankind. Progressing growth of the microorganisms’ resistance to antibacterial drugs,
primarily to antibiotics, which is observed in the last years, has acquired a more serious
character and leads to difficulties in the use of a whole series of such drugs for the treatment
of infections caused by antibiotic-resistant microbial strains. Antibacterial photodynamic
therapy (APDT), based on the oxidative destruction of pathogenic microorganisms with
laser irradiation of affected tissues, preliminarily treated with a photosensitizer (PS), may
become a full alternative to antibiotic therapy. The main advantage of photosensitized cell
destruction is the possibility of influencing strains of bacteria and fungi that are resistant to
antibiotics. It was shown previously that the use of the porphyrin with amphiphilic polymers
(AP) increases the efficiency of PDT of neoplasms and purulent wound of laboratory rats and
patients complicated burns [1].

In this work for increasing the efficiency of antimicrobial PDT with new types of porphyrin
photosensitizers complexed with amphiphilic polymer — polyvinylpyrrolidone (PVP) and
polysaccharides (PS) which had their own bactericidal activity, were created. Trisodium salt
of chlorin e6 (Chl e6) and photoditazine (dimethylglucamine salt of chlorin e6, PD) were
used as porphyrin photosensitizers, polysaccharides (sodium alginate and hyaluronic acid)
as possible antibacterial agents.

The presence of polysaccharides appears to increase the effective rate constant (k ) of
tryptophan photoxidation (test reaction for evaluation of the photosensitizers efficiency),
compared to the rate (k) of free porphyrins. Moreover, the addition of the PVP to the
system porphyrin-polysaccharide leads to a further increasing of the effective rate constant
k. Such increase of effective rate constant is believed to be linked with the formation of
double (porphyrin-PVP) and triple (porphyrin-polysaccharide-PVP) complexes with the
photosensitizer being in disaggregated state. To confirm the obtained data about formation
of complexes PD-PVP and PD-polysaccharide-PVP, the light scattering and luminescence
spectra were obtained. The results showed that there are shifts in the spectra of PD to a
longer wavelength region with addition of PVP and polysaccharides.

Thus, it can be assumed that PVP and polysaccharides, which don’t have their own
photochemical activity, are able to increase the photocatalytic activity of PD in the singlet
oxygen generation and also to lead to partial destruction of possible porphyrin associates.
The interpenetration character of a polymer components in the forming complex systems
was established by atomic-force microscopy (AFM) of the site of surface pellicle forming by
evaporation of double (PD-PVP and PD-PS) and triple systems (PD-PVP-PS).
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The methods of dynamic light scattering, X-ray diffraction and resonant scattering, we
will measure the size of the formed compositions and the degree of PS aggregation (which
mainly determine the activity of the studied systems in the 'O, photogeneration) for the
most active quaternary polymer compositions.

Thus, it becomes possible to use such triple complexes for antibacterial photodynamic
therapy as an effective method for treating of infectious and inflammatory diseases of the
skin and soft tissues.
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Highlights on Specific Biological Targets; Cyclin-Dependent Kinases,
Epidermal Growth Factor Receptors, Ras Protein, and Cancer Stem Cells in
Anticancer Drug Development.

Hawash M.**

1Department of Pharmacy, Faculty of Medicine and Health Sciences, An-Najah National
University, Nablus, Palestine

Cancer is the second leading cause of death in worldwide, because of that we need
a great effort to discover, determine and understand the main pathways and mechanism
of action of new novel anticancer drugs, which highly selective on the cancerous cells
over the normal cells. The traditional approaches to the treat cancer depend on surgery,
radiotherapy, and chemotherapy, according to the medicinal reports the chemotherapy
is still the main procedure in the cancer cure or treatment till nowadays, and it is one of
the main factors that drops the mortality of cancer in the last years. In the past decades
the chemotherapeutic agents were used in the cancer treatment without clear understand
on which target, protein, or enzyme that is working, and it was making the inhibition on
the whole family of enzymes or receptors which lead to high toxicity and side effects, but
nowadays the anticancer agents work with high selectivity on specific subtype of clear
targets, and these targets usually present in high percentage in the cancerous cells. We
will summarize some of these specific targets for anticancer drugs like Cyclin-dependent
kinases (CDKs), epidermal growth factor receptors (EGFR), Ras protein, and Cancer stem
cells, finally, we will mention some anticancer drugs which approved by FDA in 2018 which
work on specific targets.
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Intraocular pressure-lowering effects of imidazo[1,2-a]- and
pyrimido[1,2-a]lbenzimidazole compounds in ocular-normotensive and
ocular hypertensive rats
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Ocular hypertension is believed to be involved in the etiology of primary open-angle
glaucoma. Although many pharmaceutical agents have been shown to be effective for the
reduction of intraocular pressure (IOP), a significant opportunity to improve glaucoma
treatments remains. In an effort to find new ocular hypotensive drug candidates, a total
of 27 condensed benzimidazoles based compounds were screened. The first part of study
(Study 1) was done in normotensive rats and rebound tonometry was used to estimate
IOP. All compounds were topically applied as a single drop, unilaterally, at 3 different
concentrations (0.1%, 0.2% and 0.4%). The contralateral eye was instilled with vehicle
and served as control. The I0P reduction was measured up to 6 h. It was observed that
with a single topical instillation, compounds RU 551, RU 555, RU839 (pyrimido[1,2-a]
benzimidazole derivatives), and RU 615 (imidazo[1,2-a]benzimidazole derivative) showed
significant IOP lowering activities in ocular normotensive rats. All other compounds showed
none, weak and inconsistent IOP lowering effect. The relationship between ability of IOP
lowering and hypotensive activities was studied. According to the pharmacophore analysis,
the class of pyrimido[1,2-a]benzimidazole is more promising than the class of imidazo[1,2-a]
benzimidazole as a source of compounds with high IOP lowering activity. Pharmacophore
analysis also showed that the critical features of high IOP lowering activity are methoxyphenyl
and [phenyl]alkyl fragments, and non-conjugated six-membered heterocyclic ring. The next
part of study (Study Il) was aimed: (1) to evaluate the IOP-lowering effect of four compounds
RU-551, RU-555, RU-839 (pyrimido[1,2-a]lbenzimidazole), and RU-615 (imidazo[1,2-a]
benzimidazole) on steroid-induced ocular hypertension in rats after single drop and chronic
applications; and (2) to test in silico and in vitro conventional rho-associated kinase (ROCK)
inhibitory activity of the selected compound. This study demonstrated that RU-551, RU-555,
RU-839, and RU-615 significantly reduced IOP in Sprague Dawley rats with dexamethasone
(DEXA) induced ocular hypertension after single drop administration (0.1%), however RU-
615 showed the best IOP lowering effect as indicated by maximum IOP reduction of 22.32%.
Repeated dose topical application of RU615 caused sustained reduction of IOP from baseline
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throughout the 3 weeks of treatment with maximum IOP reduction of 30.31% on day 15.
This study also showed that the steroid-induced increase in IOP is associated with increased
retinal oxidative stress and significant retinal ganglion cells (RGCs) loss. Prolonged treatment
with RU615 over 3 weeks results in normalization of IOP in DEXA-treated rats with partial
restoration of retinal antioxidant status (catalase, glutathione and superoxide dismutase)
and subsequent protective effect against RGC loss. Thus, IOP lowering activity of RU615
together with antioxidant properties might be the factors that contribute to prevention of
further RGC loss. In vitro part of this study explored the ROCK inhibitory activity of RU-615
using dexamethasone-treated human trabecular meshwork cells as a possible mechanism
of action of its IOP lowering activity. However, this study didn’t show conventional ROCK
inhibition by RU-615 which was later confirmed by in silico consensus prediction. Therefore,
in the future studies it is important to identify the upstream target receptors for RU-615 and
then delineate the involved intracellular signaling pathways which are likely to be other than
ROCK inhibition.

Funding statement: We gratefully acknowledge financial support from by the MOH
(Malaysia) under the project 600-RMI/RAGS 5/3 (46/2014).
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Synthesis of Abietane-type Thiols
and Monosaccharide Derivatives Based Thereon
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Diterpene resin acids are important defense compounds of conifers against potential
herbivores and pathogens. Having a broad spectrum of biological activity, they find
application in pharmaceutical industry for searching on their basis for new medicals. Abietic
(AA) and dehydroabietic (DHA) acids are the main components of pine rosin, their derivatives
exhibit antimicrobial, antiviral, antiulcer activities, inhibit the growth of malignant cells of
intestine and lungs. The introduction of sulfur atom into a molecule is known to increase
biological activity or change it to other one. But currently there is hardly any information
about preparation and application of sulfur-containing abietane-type compounds as well as
their properties.
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In this work, proceeding from AA and DHA, for the first time, we synthesized diterpene
thiols 2, and disulfides 3, containing in addition to a terpene fragment a monosaccharide one
(acetone, or acetyl protected galactose, fructose, ribose, glucose). Based on DHA, we also
obtained sulfonic acid 5A, sulfochloride 6A, and sulfonamides 7A with acetone protected
ribofuranose and galactopyranose residues.

This study was performed under financial support of the Russian Foundation for Basic
Research (project no. 18-33-00486 mon_a).
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Modified Aptamers — EGFR Blockers for Cancer Theranostics
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When creating targeted drugs, oligomers are optimal comparing to low molecular
weight compounds and macromolecules. Therapeutic nucleic acids include aptamers,
oligonucleotides with a complex tertiary structure, which provides binding targets
specifically and with high affinity; they are called “chemical antibodies”. The work is devoted
to the development of epidermal growth factor receptor (EGFR) aptamers, blockers of the
signal transduction, which supports increased cell proliferation, which is often associated
with the occurrence of tumors. Depending on the type of modification of the aptamer, it
could be used both to visualize the tumor and to suppress cell proliferation. In this sense,
aptamers are effective and promising agents for theranostics.

A selection of a combinatorial library of oligonucleotide DNAs, containing modified
nucleotide units able for click chemistry, yielded families of modified aptamers to the
extracellular domain of human recombinant EGFR. Individual aptamers were synthesized
and characterized for affinity to the receptor by surface plasmon resonance, as well as
for interactions with cell lines, having a different number of EGFR receptors, using flow
cytometry.

In addition, an analysis of the aptamers, described in the literature, was carried ou,t and
their original derivatives were made, which were also characterized, as indicated earlier.
The inhibitory effect of aptamers on the signal transduction system by phosphokinases was
evaluated, and compared with antibodies for clinical immunotherapy.

Fluorescent aptamers were synthesized, their interaction with cells of various nature,
including cancer cells, was studied using flow cytometry. A comparison of aptamers and
antibodies, used in clinical immunotherapy, was made. With financial support from the
Ministry of Education and Science of the Russian Federation (RFMEFI57617X0095).
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Nephroprotective action of the novel inhibitor of collagen glycation end-
products synthesis in experimental diabetes mellitus
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The prevention and treatment of complications of DM is one of the most important
problems in modern medicine. One of the pathogenetic factors in the development of late
complications of DM is considered to be the non-enzymatic interaction between free amino
groups of proteins and carbonyl groups of reduced sugars, leading to the formation of the
glycation end-products (AGEs).

The aim of the work was to study the effect of sodium salt of 4-oxo-1,4-dihydropyrazolo
[5,1-c] -1,2,4-triazine-3,8-dicarboxylic acid monohydrate diethyl ester under the code AV-19
on the development of DM nephropatic complications.

Experimental diabetes mellitus (EDM) was modeled by a single i.v. administration of
streptozotocin (Sigma, United States) in 60 adult male Sprague-Dawley rats. The fasting
blood glucose level was determined by glucose meter “Glucocard Sigma-Mini” (Russia).
Animals with fasting glucose levels not less than 15 mmol/l were taken into the experiment.
One week after the injection of streptozotocin, the animals were divided into groups of
15 rats. Control groups: intact animals and rats with EDM were administered with distilled
water (1 ml/100 g); the experimental groups: the test substance AV-19 (20.0 mg/kg) and
the etalon drug aminoguanidine (50.0 mg/kg) were administered through an intragastric
tube once daily within 12 weeks. The level of glycated hemoglobin was determined using
the DIABET-TEST kit (Phosphosorb, Russia). The content of glycation end products (AGEs)
in blood serum was determined immunochemically using the Rat AGEs ELISA kit (Cusabio,
China) at Infinite 200 PRO multifunctional microplate reader (Tecan, Austria).

To determine the function of the kidneys every 4 weeks in rats the daily excretion of
albumin and creatinine were examined. Urine protein concentrations were determined using
the Vital Diagnostics kit, (Russia). Determination of serum creatinine and urine concentrations
was performed using the Total Protein-002 kit (Olvex-Diagnosticum, Russia) and creatinine
clearance [1] was calculated. The level of AGEs in kidneys was determined by the method
[2] measuring AGEs fluorescence intensity at excitation / emission wavelengths of 370/440
nm using an Infinite 200 PRO microplate reader (Tecan, Austria). For immunohistochemical
studies monoclonal antibodies to carboxymethyl lysine were used (Abcam, CMS-10).

Statistical analysis was carried out using a paired Student’s t-test and the non-parametric
Mann-Whitney U-test) with Bonferroni correction in Statistica 6.0 (StatSoft, USA),
GraphPadPrism 5.0 and Microsoft Excel (Microsoft, USA).

It was shown that the blood glucose level in rats of all experimental groups with DM
remained significantly high throughout the experiment, exceeding the values of the intact
group of animals on average 4.9 times - the 1st month, 5.8 times - 2 month, 5.26 times -
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the 3rd month (p <0.05). The results were confirmed by a statistically significant increase
in the level of HbAlc in all experimental groups of rats with streptozotocin diabetes with
a duration of 3 months relative to intact animals by an average of 2.8 times (p <0.05). The
level of AGEs significantly increased in the serum of rats with EDM in relation to the intact
group by 45.9%. AV-19 resulted in a significant decrease in the HbAlc content by 51.5%
(p<0.05), the etalon drug aminoguanidine reduced HbAlc by 37.9% (p <0.05) in relation to
the EDM group. Studied AV-19 reduced the AGEs concentration in relation to the indicator
of animals with EDM by 21.9% (p <0.05), and the reference drug aminoguanidine reduced
AGEs by 24.3% relative to rats with EDM.

The control animals with EDM throughout the experiment demonstrated a significant
increase in the level of protein in the urine compared with the values of the intact group of
rats (2.6 times - the 1st month, 3.2 times - the 2nd month, 3.3 times - the 3rd month). AV-19
and aminoguanidine led to a gradual decrease in proteinuria and statistically significantly
reduced it after 3 months by 52% and 48%, respectively. It is established that during EDM,
creatinine clearance increases significantly with respect to intact control. AV-19 led to
a significant decrease in this indicator in relation to the group of DM control, similar to
aminoguanidine, and the index returned to normal after 3 months of administration of
AV-19, whereas aminoguanidine did not lead to a complete normalization of clearance.
Animals with experimental diabetes mellitus showed an increase in the AGEs level in kidney
tissue by 32.6% relative to those of the intact control group (p<0.05). Substances AV-19 and
aminoguanidine lead to a significant decrease in the content of glycation end products in
the kidneys of experimental animals by 21% and 19%, respectively.

Animals with 3 months diabetes developed microvascular disordersin the renal glomeruli,
as evidenced by histological and histochemical impairments, in particular, a significant
increase in the absolute and relative area of AGEs-positive material and connective tissue
compared to the intact control. AV-19, when administered for 3 months at a dose of 20 mg /
kg, significantly reduced the amount of AGEs-positive material, as well as connective tissue,
exceeding aminoguanidine in its effect on the level of AGEs.

Thus, on the basis of compound AV-19, acting on the glycation end-products of collagen,
a new drug can be developed for the prevention and treatment of complications of DM.
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Coping with “rules of thumb” based biases: practical approaches
Krasnykh O., Trefilova A.
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The “rules of thumb” guiding the selection of the promising molecules with low potential
for bioavailability problems are limiting the diversity of compounds applied to screening [1,
2]. Although the rules continue to occupy an important place in choosing compounds for
screening libraries, their influence has weakened substantially since 2000s which underlines
the difficulties in creating unified filters for such multi-parameter systems. The declining
trend was in part due to concern that potentially perspective compounds may be eliminated
from screening programs, while growing number of successful compounds appeared to be
beyond the “rules of thumb” [3].

Monitoring and balancing combination of the studied molecules properties is a key
for successful outcome. However, among all the diverse in vitro assays available for the
properties evaluation in early preclinical study, an average medicinal chemistry laboratory
may only afford a limited number of techniques. Thus, the need for identifying minimal
practical testing systems sets which generate the data guiding further steps in compounds
selection and / or structure optimization is apparent. It is especially important to assess
substances gastrointestinal absorption and their metabolic stability in vivo. Therefore, the
set may include methods which require low quantity of compounds and enable acceptable
throughput — such as PAMPA for permeability assessment and metabolic stability in plasma
and sub-fraction of liver homogenate S9 accompanied by chromatography [4, 5].

Several sets of oxo-derivatives of heterocyclic compounds with different characteristics
(i.e. molecular weight, lipophilicity, solubility, number of H-bond donors and acceptors, etc.)
were evaluated based on rules as well as in set of tests in vitro and in vivo [6, 7]. It may be
concluded that unbiased and consistent compounds investigation conducted despite the
“rules of thumb” filters may lead to unexpected and encouraging results. Additionally, an
important role of formulation in animal experiments is underlined.
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Main directions in the search for antithrombogenic agents
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Inhibition of platelet aggregation is a major strategy for prevention of thrombotic
states. Molecular mechanisms that trigger activation of platelet hemostasis are associated
with receptors exposed on the plasma membrane of platelets, which participate in cell-
cell interactions and interactions of cells with the subendothelial matrix. These, in turn,
lead to post-receptor activation of the prostacyclin-thromboxane system via intracellular
calcium influx, the formation of phospholipid-derived second messengers, activation of
downstream protein kinases and phosphodiesterases, modification of the functional activity
of endothelium. Therefore, the use of current antiplatelet therapies significantly reduces the
risk of thrombotic complications. The present antiplatelet agents are able to inhibit platelet
function through various mechanisms of action with a high level of clinical efficacy evidence.
The most notable classes are inhibitors of cyclooxygenase (COX) - acetylsalicylic acid, P2Y ,
purine receptor blockers - thienopyridines, e.g. ticlopidine, clopidogrel, prasugrel, and non-
thienopyridines derivatives - ticagrelor and kangrelor, and glycoprotein (GP) llb/Illa receptor
blockers for intravenous administration - abtsiksimab, eptifibatide, tirofiban. However,
the effectiveness of these drugs remains hampered due to the fact that one or another
mechanism of adhesion, activation, and/or aggregation of platelets remains unblocked,
leading to the different effects on the thrombogenic potential of blood. Therefore, search,
study, and development of novel agents that block several ways of platelet hemostasis
activation is an urgent problem in the prevention of thrombotic states.

Design and synthesis of potential anti-thrombogenic agents could be facilitated with
computer-aided solutions such as PASS system and information technology (IT) “Microcosm”
to determine the similarity of main scaffolds that determine the antiplatelet effect of drugs.
The present report will provide an overview of a target-oriented search for compounds
that affect platelet COX,, P2Y, P2Y_,, PAR1, and thromboxane receptors, as well as types
of activity indirectly indicating the presence of antiplatelet action, namely, antioxidant and
anti-serotonin.

As a result of a target-oriented search for inhibitors of glycoprotein Ilb/llla platelet
receptors using flow cytometry, the highly active compound F-168 (3-methyl-8-(piperazin-
1-yl)-7- (tietan-3-yl)-1-ethyl-1H-purin-2,6(3H,7H)-dione hydrochloride), synthesized in
Bashkir State Medical University (Ufa, Russia). This compound exceeds antithrombotic
activity of llb/Illa glycoprotein receptors inhibitors eptifibatide and tirofiban on models of
arterial thrombosis induced by ferric chloride, electric current, adrenaline-collagen mixture,
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on the Global Thrombosis Test (Gogor) model, and also on the venous thrombosis model.
Currently, a full preclinical study of its infusion dosage form Angipur for the treatment
of acute coronary syndrome has been completed and the drug developed is approved
for entering phase | clinical trials. Preclinical study of the benzimidazole derivative RU-
891 (9-(3,4-dihydroxyfenacyl)-2,3-dihydroimidazo[1,2-albenzimidazole  hydrobromide)
synthesized in Southern Federal University (Rostov-on-Don, Russia) is currently underway.
RU-891 simultaneously blocks two targets of platelet activation - P2Y , receptors and
thromboxane A, synthesis and its ameliorating effect on blood thrombogenic potential
exceeds acetylsalicylic acid and clopidogrel. Other active compounds identified include the
ones that affect PAR1 platelet receptors, which human-specific, platelet phosphodiesterase,
Na+/H+ exchanger of the first isoform (NHE-1), and protein-tyrosine phosphatase (PTP1B).

Thus, for synthesis and development of anti-thrombogenic drugs, it is essential to use
a comprehensive approach that includes in silico methods and in vitro target confirmation,
as well as in vivo evaluation on relevant thrombosis models, since the study of novel anti-
thrombogenic agents may reveal valuable pleiotropic effects.
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Development of biodegradable prosthesis for tear duct reconstruction
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Lacrimal passage reconstruction with tubular implant is one of the most effective
solution for surgical treatment of dacryocystitis - lacrimal ducts obstruction. Currently
used non-degradable artificial tear ducts have a number of disadvantages such as unstable
fixation, surrounding tissue granulomatous growth and absence of surrounding tissue
epithelialization. All patients require lifelong implant wearing and medical follow-up.

This study was aimed to develop a slowly degradable implant stimulating formation
of a connective tissue tunnel around itself, which will be a bio-frame after the implant is
decomposed or removed. Thus, a new lacrimal duct will be formed from the patient’s own
tissues.

Macromonomers based on polytrimethylene carbonate and poly (trimethylene
carbonate-co-L-lactide) of linear and branched structure were synthesized and their
homopolymerization and copolymerization with N-vinylpyrrolidone and vinyl acetate were
studied. The rate of in vitro hydrolytic degradation in phosphate buffer solution (PBS), the
swelling kinetic in water, PBS and acetone, tissue reaction and general in-vivo toxicity in
guinea pigs with histological tissues examination after 14, 28 and 60 days of the obtained
cross-linked polymers were investigated.

Obtained polytrimethylene carbonate copolymers with N-vinylpyrrolidone were used
to make degradable tear duct implants, which were used for lacopronostomy operation in
rabbits in comparison to commercial silicone implants from FCI. Histological studies in 2 and
3 months after implantation has shown that, unlike silicone implants, developed implants
stimulate adjacent tissue vascularization with formation of new collagen fibers, what
indicates formation of new lacrimal canal which will be able to function without implant.
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Synthesis and Biological Activity of New Purine Conjugates with Amino
Acids, Dipeptides and Chiral Heterocyclic Amines

Levit G., Krasnov V., and Charushin V.
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22 S. Kovalevskoy St. / 20 Akademicheskaya St.

Purine and its derivatives play a unique role in the metabolism of living organisms,
so the synthesis and study of purine conjugates is of great interest for designing efficient
medicinal agents based thereof. The purpose of this work was the synthesis of novel purin-
6-yl derivatives of amino acids, dipeptides, and heterocyclic amines and the study of their
tuberculostatic and antiviral activity, including that against multidrug-resistant strains.

The starting compounds for the preparation of these substances were 6-chloropurine
derivatives, from which the target products were obtained via the nucleophilic substitution
of the chlorine atom with an amino acid followed by the introduction of the second amino
acid or heterocyclic amine. To obtain purine conjugates with amino acids, we used the
strategy of sequential protection—deprotection. The methods for determination of optical
purity of the target compounds have been developed.
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The study of the biological activity of the compounds obtained in experiments in vitro has
demonstrated that among them there are substances with high antimycobacterial activity
against Mycobacterium tuberculosis H37Rv, M. avium, M. terrae and multidrug-resistant
strains [1]; the most promising compound is currently undergoing preclinical study. The
study of the antiviral activity of novel purine conjugates against herpes virus type 1 allowed
identifying highly active compounds, including those against acyclovir-resistant strain.

The work was financially supported by the Russian Science Foundation (project 19-13-
00231).
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2-Oxindole as privileged structure for antiglaucomic
and antidiabetic drug design: synthesis and biological activity
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New amide-substituted oxindoles were synthesized using catalytic hydrogenation
of corresponding nitro-derivatives and their biological activity was investigated [1]. The
synthesis of new ligands of quinone reductase 2 (QR2, proposal MT3 receptor) [1-4] and
kinase-3p glycogen synthase (GSK3pB) [5] based on 2-oxindole scaffold was performed using
condensation of isatin and 2-indolinone derivatives with appropriate compounds. The
ability of oxindole-based QR2 ligands to reduce the intraocular pressure (IOP) was studied
in vivo in normotensive rabbits. The lead compound was found to reduce IOP at 41% (more,
then reference drug timolol (32%)) and had the long-lasting hypotensive effect (>6h). It
was shown that 3-arylidene-substituted 2-oxindoles were effective inhibitors of kinase-33
glycogen synthase and exhibit pronounced anti-diabetic activity under conditions of the
glucose-tolerant test in vivo [5]. The lead compound showed moderate cytotoxicity in the
micromolar range which creates a sufficient therapeutic window for the design of potential
antidiabetic drugs based on this compound.

antiglaucomic agents GSKa3b inhibitors
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quinone reductase 2 (MT3) IC50 up to 200 nM IC50 up to 4.19 nM

intraocular pressure reduction up to 41%
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Cognitive enhancement by novel specific dopamine reuptake inhibitor
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Age related dementia and cognitive impairments are severe problems in industrial
societies with high life expectancy. Cognitive functions can be influenced and improved by a
series of chemical compounds which target the dopamine transporter (DAT). The dopamine
transporter reuptakes extracellular dopamine into the synapse. Inhibitors of DAT increase
the extracellular concentration of dopamine, which then can lead to an improvement of
learning and memory. Commonly used inhibitors however exert un-sufficient specificity for
DAT and also inhibit noradrenaline and serotonin transporters, which causes unwanted side
effects, like increased states of arousal and depressive attacks. Therefore, we tested a newly
synthesized compound with higher specificity for DAT in two spatial learning and memory
tasks, a food reward related hole-board task and in the water-maze. Dosages at 1, 5, and 10
mg/kg body weight do not affect behavioral performance in young male rats. The highest
dosage, however improved task acquisition as well as long-term memory in aged rats in the
reward but not the water maze task.
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Chiral voltammetric sensor platforms based on supramolecular
frameworks for recognition and detection
of enantiopure drug compounds
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The appearance on the market of enantiopure drugs required the development of
appropriate methods for determining individual enantiomers both in mixtures of optically
active isomers and in objects of arbitrary composition against the background of optically
inactive compounds. There are methods of chiral chromatography, mass spectrometry,
capillary electrophoresis, electrochemical (voltammetric) sensors [1, 2] which are mainly
used for these purposes. The most of the developments exploited so far were based on
using inclusion complexes, molecularly imprinted polymers, nanomaterial’s, elements of
living systems and their analogues, as well as other chiral platforms based on organic and
inorganic structures.

In the report were observed theoretical and experimental approaches on the
development, research and application of enantioselective voltammetric sensors based on
glassy carbon and carbon-paste electrodes modified by chiral supramolecular assemblies
and metal-organic frameworks (MOF) and their composites [3, 4] to recognize and control
enantiomer excess of pharmaceuticals (propranolol, atenolol, warfarin, baclofen, etc.).
The studies on the interactions selectivity of enantiomers with supramolecules of uracil,
melamine, cyanuric acid and polycarboxylate chiral MOF have been conducted using the
methods of quantum chemistry, molecular dynamics simulations and chromatography.
The ranges of structural selectivity of chiral platforms were established depending on the
modifier nature of the detectable compounds and solvent.
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Multifunctional inhibitors of cholinesterases as innovative drugs
for Alzheimer’s disease (AD) treatment
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Neurodegenerative diseases are multifactorial; therefore, their treatment requires drugs
that can act simultaneously on multiple pathogenic targets. One of the modern approaches
for creating multitarget agents for AD treatment is building hybrid molecules that are
conjugates of two or more different pharmacophores linked through spacers. Cholinesterase
inhibitors are often used as one of the pharmacophores. We synthesized several series of
hybrid compounds combining pharmacophores considered useful for neurodegenerative
disease treatment: y-carbolines, carbazoles, phenothiazines, aminoadamantanes, and
tacrines. Inhibitory activity of these conjugates against acetylcholinesterase (AChE),
butyrylcholinesterase (BChE), and carboxylesterase (CaE) was studied. In addition, their
ability to competitively displace propidium iodide from the peripheral anionic site (PAS)
of AChE was determined to assess their potential effect on AChE-induced aggregation of
B-amyloid. Antioxidant properties were examined computationally with the DFT method
and experimentally using ABTS and ORAC-FL assays. Binding modes of conjugates to
AChE and BChE were studied using QM-assisted molecular docking. Results revealed
conjugates that were selective inhibitors of BChE (y-carbolines/phenothiazines, carbazoles/
aminoadamantanes) or that combined high potency and selectivity toward BChE with high
radical-scavenging activity, e.g., y-carbolines/carbazoles. Conjugates of y-carbolines with
Methylene Blue and bis-y-carbolines demonstrated high potency against AChE and BChE
combined with effective displacement of propidium from the PAS of AChE. Additionally,
the conjugates were extremely active in both antioxidant tests. Potent inhibitors of
cholinesterases with antiaggregant and radical-scavenging activity were found among
tacrine conjugates with sulfamides and thiadiazoles, and the spectrum of their activity
significantly depended on the spacer structure. All conjugates were poor CaE inhibitors, and
were therefore expected to lack drug-drug interactions by this pathway. Good agreement
was found between experimental and computational results. Promising compounds
were identified to develop innovative multi-target drugs for AD treatment that combined
cognition enhancement with neuroprotective and disease-modifying potential.

Supported by RFBR grant Ne17-03-00984, RSF grant Ne14-23-00160P, and Russian State
assignment to the IPAC RAS N20090-2017-0019.
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Multicomponent reactions in the synthesis of furanoditerpenoid
and steroid pyrazoles
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Early performed synthetical transformations of plant derived phlomisoic acid 1 and
diosgenin 2 with introduction of additional heterocycle moiety on the furan ring or on the
hydroxylic group have led to a number of valuable pharmacological agents [1, 2]. In the
present work is described modification of phlomisoic acid 1 and diosgenin 2 with introduction
of additional pyrazole moiety by the help of multicomponent reactions which includes oxalyl
chloride acylation, Stephens-Castro cross-coupling and heterocyclization of intermediate
alkyne-1,2-diones 3, 4 with phenylhydrazine. The reaction goes regioselectively and leds to
the formation of labdanoid and spirostanic 1,5-diaryl-1H-pyrazoles 5, 6.
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Creating a safe fast anxiolytic is an actual problem of modern pharmacology and
medicinal chemistry. Translocator protein 18 kDa (TSPO) is a new target for creating effective
anxiolytics free from side effects of benzodiazepines. This receptor is responsible for the
activation of the biosynthesis of neurosteroids - positive allosteric modulators of the GABA,
receptor, which play a crucial role in the pathophysiology of anxiety disorders.

In Zakusov Research Institute of Pharmacology was designed and synthesized new
TSPO ligand GML-1 (N-benzyl-N-methyl-1-phenylpyrrolo[1,2-a]pyrazine-3-carboxamide).
Radioligand method showed that GML-1 has a high affinity for TSPO (Ki=5,2*10% M). In vivo
experiments in standard rodent anxiety tests demonstrated that GML-1 in the dose range of
0.1-5.0 mg/kg has anxiolytic activity both using intraperitoneal and oral administration. The
activity of GML-1 was not inferior to effect of known benzodiazepine tranquilizer diazepame
(1,0 mg/kg). It was found that GML-1 does not have diazepam side effects. Moreover, GML-
1 demonstrated a pronounced positive nootropic effect. It was proved that the mechanism
of anxiolytic action of the compound GML-1 is due to its ligand properties to TSPO and its
ability to activate neurosteroidogenesis.

It is established that GML-1 is a low-toxic substance, it does not cause dependence and
addiction. Pharmacokinetic studies of GML-1 showed that it quickly (from the 5th minute)
and in sufficient quantity reaches the target organ — brain. The relative bioavailability of
GML-1 after intragastric administration to rabbits is 101.72+
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Features of Hydrolytic Decomposition of Antitumor Agents Lysomustine
and Ormustine
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Active pharmaceutical substances of antitumor agents Ormustine and Lysomustine
belonging to N-alkylnitrosoureas (ANUs) are mixtures of regioisomers la—2a (78:22)
and 1b-2b (75:25). Pharmacological effect of ANUs is due to their ability to hydrolytic
decomposition under physiological conditions with the formation of cytotoxic products;
therefore, the study of this process is an important task. Non-volatile (7-8a,b, 9, 10-11a,b)
and volatile (12-15) products formed during decomposition of mixtures 1a—2a and 1b-2b
and individual isomers 1a and 1b under conditions close to physiological (pH 7.2-7.4, 37 °C
were identified by high-resolution mass-spectrometry and gas-liquid chromatography.
The data obtained are consistent with the scheme of ANU decomposition described in the
literature, which proposed the formation of alkyldiazohydroxides 3a,b (in case of 1a,b), 6 (in
case of 2a,b) and alkylisocyanates 4 (in case of 1a,b), 5a,b (in case of 2a,b). In the reaction
mixture, compounds 16a,b and 17 were also identified; these products are likely to be
formed during intra- or intermolecular transnitrosation of isomers 1a,b.
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The work was carried out in the framework of the State Assignment (project AAA-
A-A19-119011790130-3).
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Anticancer Pt and Ru compounds with a targeting mode of action

Nazarov A., Shutkov I., Gonchar M., Zenin I., Antonets A.,
Matnurov E., Fateeva A.

M.V.Lomonosov Moscow State University, Department of Chemistry,
119991, Leninskie gory 1/3, Moscow, Russia

The majority of new metal-based anticancer compounds contain cytotoxic platinum
moiety [1]; however, in recent years there has been a shift of interest in the development
of non-classical platinum or non-platinum anticancer drugs and the Pt(IV) and ruthenium-
based compounds are the most actively studied candidates.

The activity and specificity of metal-based anticancer compounds can be modulated
by ligand environment. A dual drug concept is a modern approach in the anticancer drug
design. Attachment of Pt or Ru moiety to the targeting biologically active organic molecules
can drastically increase anticancer properties and provide a multitargeting mode of action.
In our group, we applied lonidamine, bexarotene moiety as targeting bioligands [2,3].
Lonidamine is known to inhibit the aerobic glycolysis in cancer cells while simultaneously
enhancing glycolysis in the normal cells. Bexarotene is known as an agonist of the retinoid X
receptor and specific against T-cell lymphoma.

In our presentation will focus on the hybrid complexes based on lonidamine, bexarotene
tethered to the ruthenium or platinum unit. Pt(1V), Ru(ll) and Ru(lll) compound found to be
highly cytotoxic against the number of the human cancer cell lines and show good potential
in in vivo studies.

o
~ Na* /\ 0
s oo

c..l .a
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This work was supported by RSF (project Ne 19-13-00084).
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Novel bivalent AMPA-receptor ligands of bis(pyrimidine) series
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Zamoyski V.L.2, Grigoriev V.V.1?
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2 Institute of Physiologically Active Compounds, Russian Academy of Sciences,
142432, Russia, Moscow Region, Chernogolovka, Severny proezd, 1

AMPA-receptors are the attractive targets for treatment of a series of neurological dis-
orders. Positive AMPA-receptors modulators can be useful for treatment of the cognitive
impairments improving learning and memory, whereas in contrast negative modulators (or
blockers) are perspective agents for treatment of epilepsy. Here we present the synthesis
of a novel series of bispyrimidines 1 which were supposed to act as bivalent AMPA-recep-
tors ligands. Based on our previously described synthetic approaches [1] we obtained the
targeted heterocycles 1 using two routes: () double S Ar reaction of 4-fluoropyrimidine
N-oxides with different bisnucleophiles and subsequent reduction of N-oxide fragment, or
(1) reduction of starting 4-fluoropyrimidine N-oxides and subsequent S, Ar reaction with

bisnucleophiles.
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AMPA receptor ligands

Obtained compounds 1 were tested in patch-clamp experiments for the influence on the
kainate-induced currents recorded for the Purkinje cells extracted from the rat cerebellum.
Several compounds 1 showed high positive (increase of the kainate-induced currents for 35-
60% at 0.001-0.1 uM) or negative modulating effect [2].

This work was supported by the Russian Science Foundation, grant no. 17-15-01455.
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Novel taurine derivative as potential nootropic drug:
QSAR, synthesis and biological activity

Negrebetsky V., Shagina A., Kramarova E., Borozdenko D.,
Shmigol T., Kiseleva N. and Baukov Yu.

Department of Medical Chemistry and Toxicology, N.I. Pirogov Russian National Research
Medical University, 117869, Russia, Moscow, Ostrovityanov St., 1

The main disadvantages of a number of nootropic (neurometabolic) drugs such as
2-pyrrolidone derivatives, in particular, Piracetam (1), Phenotripyl (2) [1], include blood
pressure increase, psychomotor agitation and insomnia. Such side effects make it difficult to
effectively use these drugs for long-term medication, age-related disorders, insults, cerebral
ischemia and another disorders that require prolonged treatment or recovery course.

(0] NHR

.
N R=R'=H(1),R=H, R =Ph (2),R=(CH,),SOK, R’ =Ph (3)

o

Our strategy for searching for a leading substance using in silico methods (QSAR) led to
creation of new efficient substance of the pyrrolidone series based on taurine derivative
3 devoid of above-mentioned disadvantages [2]. Biological tests for in vivo models for
cytoprotective activity, glutamate excitotoxity and for laboratory animals have reliably
demonstrated the superiority of compound 3 over commercially available drugs based on
compounds 1 and 2. In in vivo studies no side effects such as increase blood pressure and
psychomotor agitation have been found.
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Novel Doxorubicin Nanoform, Preclinical Study: Anti-Tumor Activity,
Pharmacokinetics, and Safety

Nemtsova E.R.!, Tikhonova E.G.?, Pankratov A.A.}, Bezborodova O.A.!, Karmakova T.A.%,
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Objective: Preclinical study of Doxolip.

Object of study: Doxolip (IBMCh, Russia), the drug on the basis of Doxorubicin (DR)
encapsulated into phospholipid nanoparticles, powder for infusion solutions. Comparison
drugs: Doxorubicin-TEVA (Pharmachemie B.V., Netherlands), Caelyx (TTY Biopharm Company
Limited, China)

Methods: Evaluation of the anti-tumor (ITG, %) and anti-metastasis (IM, %, ILS, %)
activity of DR in vivo in mice with transplanted tumors (P388 lympholeukemia, Ca755 breast
carcinoma, and LLC Lewis lung carcinoma), study of pharmacokinetics in rats and rabbits
using analysis of blood plasma components, normal and tumor tissues, and the estimation
of safety of the drug with regard to its general and specific toxicity in rodents and rabbits.

Results.

It has been shown by comparison of Doxolip with Doxorubicin-TEVA that encapsulated
DR binds to high-density lipoproteins in blood plasma more tightly than free DR, and because
of that it circulates in the blood stream for a longer time and is absorbed by tumor tissue
more efficiently. The “benefit/risk” ratio for the protected DR is higher than that for the
uncoated drug. The ratio depends on the therapeutic interval (Tl) and the toxicity of various
forms of DR. In P388 model, the Tl indices determined 6 days after the final infusion varied
from 9.8 to 15.0 mg/ml for Doxolip, from 8.8 to 10.0 mg/ml for Doxorubicin-TEVA, and from
5.5 to 15.0 mg/ml for Caelyx. In LLC model, the drugs after a single infusion in non-toxic
(6-10 mg/kg) and toxic (12-18 mg/kg) doses form the following series with regard to their
Tl indices: Caelyx (8.2-12.2 mg/kg)>Doxolip (10.0-12.8 mg/kg)>Doxorubicin-TEVA (9.3-10.1
mg/kg). For triple infusion of the protected DR, the three-day interval between the infusions
(with regard to all studied indices) was the most efficient, whereas for the uncoated DR such
regimen came out as the most toxic, and the seven-day interval was less toxic and the most
efficient.

Conclusion.

The study demonstrated the advantages of the protected DR both in the form of
phospholipid nanoparticles (Doxolip) and in liposomal pegylated form (Caelyx) over
Doxorubicin-TEVA: judging by TI, the encapsulated drugs are less toxic and have higher
efficacy.
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Silicon-hydroxyapatite-glycerohydrogel
as a promising biomaterial for dentistry
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2Institute of Chemical Engineering, Ural Federal University,
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3Ural State Medical University, 620219, Russia, Ekaterinburg, Repina str., 3
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620990, Russia, Ekaterinburg, Pervomaiskaya str., 91

The development of novel tooth enamel remineralization system has significantly
progressed in recent years. Hydroxyapatite (HA) is known to have been used for this aim.
HA is the main inorganic compound of tooth enamel and has superior biocompatibility and
excellent bioactivity characteristics [1]. It is also known that silicon in the enamel imparts its
required strength [2].

In this work novel nanocomposite silicon-hydroxyapatite-glycerohydrogel (Si-HA-
gel) having HA content 1.75 wt.% and the content of Si 2.04 wt.% was obtained by the
sol-gel method using glycerol solution of silicon tetraglycerolate [3] as a biocompatible
precursor and aqueous colloid suspension of HA [4] as a template and property modifier.
TEM studies demonstrated that HA in the Si-HA-gel is in the nanoscale crystalline state.
The atomic force microscopy method was applied to study the remineralizing properties
of Si-HA-gel on human teeth extracted for orthodontic reasons. It was found that Si-HA-gel
has a pronounced remineralizing effect, namely, it reduces the roughness of tooth enamel.
Silicon in a biologically active and accessible form causes an additional positive effect on
the process of remineralization. Using the method of energy dispersive X-ray analysis, it was
demonstrated that Si content increased in the tooth enamel; the Vickers microhardness was
found to increase.

The analysis of the obtained data allows the Si-HA-gel to be considered as a promising
biomaterial to be applied for tooth enamel remineralization.
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MINI-ANTIBODIES AGAINST MUC1 BASED
ON MONOCLONAL ANTIBODIES ICO-25
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Novgorod, Osharskaya str., 8D
2 Nizhny Novgorod Research Institute of Epidemiology and Microbiology, 603950, Nizhny
Novgorod, Malaya Yamskaya street, 71

MUC1 is a component of the physiological barrier that protects epithelial cells
from damage caused by free radicals, pH, toxins and other stress factors. MUC1 is a
multifunctional protein with a high structural diversity that allows it to influence different
cellular events. In malignant transformation, MUC1 plays an important role in the
modulation of transcription of regulatory genes associated with invasiveness, metastasis,
angiogenesis, proliferation and resistance to hypoxia, which ultimately affects cancer cell
survival. In malignant transformation of MUC1 cells hyperexpressed, as well as changing
the pattern of glycosylation, while opening areas of the protein core, previously inaccessible
to the recognition of antibodies. MUCL1 is a promising target for the development of new
monitoring and therapeutic approaches for the treatment of patients with malignant
tumors.

Previously, professor A. Yu. Baryshnikov obtained monoclonal antibodies ICO-25 against
MUCL. In Lobachevsky University nucleotide sequence encoding the variable domains of
antibodies have been sequenced and cloned. Then recombinant mini-antibodies (scFv)
against MUC1 were obtained, which are variable fragments of heavy and light chains of
ICO-25 antibodies bound into one molecule by a linker. Mini-antibodies was fused with a
fragment of rotavirus enterotoxin NSP4, capable of causing cancer cell apoptosis. Peptides
were expressed in E. coli, cleaned, was held their refolding. The productivity of the bacterial
system was more than 1 mg/ml. Peptides interact with MUC1 isolated from breast tumor,
MUC1-positive cell lines MCF7 and Colo205 and do not react with MUC1-negative cell line
Caco2.

Recombinant peptides completely inhibited the metabolic activity of the cell lines Colo
205 and MCF-7. At the same time, the maximum effect of ICO-25 monoclonal antibodies was
only 20%. The half-year dose for scFv miniantibodies was 10 pg, and for scFv-NSP4 peptide
- 200 pg per milliliter of culture fluid. Cytometric analysis of cells incubated with peptides
and stained with annexin V and propidium iodide showed that they induce apoptotic death
of tumor cells. In addition, the level of Bax expression increased in cells, exceeding the
level of BCL-2 expression, which is typical for cell death by apoptosis, the level of mRNA Fas
increased, the cell cycle was arrested. Differences in the action of recombinant antibodies
and ICO-25 antibodies are likely to be associated not only with the presence of rotavirus
toxin, but also with the size of molecules and are associated with the ability of recombinant
single-chain antibodies to recognize epitopes of MUC1 protein inaccessible to classical
antibodies. This allows us to consider them as a prototype of therapeutic antibodies.
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Synthetic application of 4-pyrones for the preparation of diketoacids as
potential HIV integrase inhibitors

Obydennov D.L., Chernyshova E.V., Khammatova L.R., and Sosnovskikh V.Ya.

Institute of Natural Sciences and Mathematics, Ural Federal University, 620000
Ekaterinburg, Russian Federation, Lenina ave., 51

4-Pyrones are available highly active substrates that easily undergo ring-opening
reactions leading to a variety of heterocyclic structures. Derivatives of 5-acylcomanic acid 1
are hidden polycarbonyl systems containing the pharmacophore moiety of diketobutanoic
acid, which is necessary for the design of modern HIV integrase inhibitors, and due to the
presence of electron-withdrawing substituents on the pyrone ring, these compounds can
easily react with a wide range of nucleophiles. The transformations of pyrones 1 under
action of binucleophiles lead to derivatives of (hetaryl)diketobutanoic acids 2,3 as the result
of cyclization at the C-6 position of the pyrone ring and the acyl fragment. The use of indoles
and pyrroles as nucleophiles makes it possible to obtain substituted diketohexenoic acids
4-6 [3]. In addition, an unusual self-condensation of enaminodiones was observed during
the synthesis of pyrones 1 to give phenols and catechols 7 [4].
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This work was financially supported by the Russian Science Foundation (Grant 18-73-
00186).
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Biomolecular Release from Alginate-modified Electrode Triggered by a
Biocatalytic Cascade — a promising technology for drug delivery
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Biocatalytic cascadesinvolvingmore than one or two enzyme-catalyzed step are inefficient
inside alginate hydrogel prepared on an electrode surface. The problem originates from
slow diffusion of intermediate products through the hydrogel from one enzyme to another.
However, enzyme activity can be improved by surface immobilization. We demonstrate
that a complex cascade of four consecutive biocatalytic reactions can be designed, with
the enzymes immobilized in an LBL-assembled polymeric layer at the alginate-modified
electrode surface. The product, hydrogen peroxide, then induces dissolution of iron-cross-
linked alginate, which results in release process of entrapped biomolecular species, here
fluorescently marked oligonucleotides, denoted F-DNA. The enzymatic cascade can be
viewed as a biocomputing network of concatenated AND gates, activated by combinations
of four chemical input signals (maltose, NAD*, pyruvate and dissolved O,), which trigger
the release of F-DNA. The reactions, and diffusion/release processes were investigated by
means of theoretical modeling. The developed system provides a model for biochemical
actuation triggered by a biocomputing network of reactions.

Alginate gel, crosslinked with Fe* ions, effectively concentrates biomolecules (DNA,
proteins, etc.) that are used today for the treatment of cancer. The developed system allows
them to be released in the presence of lactic acid, which is produced by many cancer cells
(Warburg effect), thus becoming a promising system for targeted delivery of anticancer
drugs.

The work was done with the financial support of the Russian Scientific Foundation
(project No. 18-73-00224).
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Interactions of Liposomes Loaded
with a Methotrexate Lipophilic Prodrug with Human Blood Phagocytes
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Incorporation of methotrexate into bilayer of nanosized liposomes in the form of a
lipophilic prodrug (methotrexate 1,2-dioleoylglyceride ester, MTXDG) allowed to decrease
its toxicity and improve antitumor effect in experiments in vivo [1]. However, the liposomes
were found to activate complement (C) in vitro, apparently, through binding and hydrolysis
of the C3 factor on the bilayer surface [2—-4]. The aim of the work was to study interactions
of the drug-loaded liposomes with blood phagocytes (monocytes and neutrophils) by flow
cytometry. Fluorescently labeled (1 mol. % PC probe) liposomes (100 nm) were prepared
from egg yolk phosphatidylcholine (ePC) 1, ePC-MTXDG, 9 : 1 2, ePC—phosphatidylinositol
(P1) (ePC—-PI,9:1) 3, and ePC-PI-MTXDG, 8 : 1 : 1 4 by extrusion and incubated with human
whole blood (10 : 1 by vol.). After 30 min of incubation smaller fraction of cells consumed
drug-loaded ePC—PI-MTXDG liposomes 4 than ePC-MTXDG liposomes 2. Yet even greater
effect on liposome accumulation in monocytes was caused by the presence of the prodrug
in the bilayer, either carrying Pl or not. For example, introduction of MTXDG in the ePC—PI
bilayer caused increase in the number of monocytes having consumed the liposomes from
12 + 3% for sample 3 to 32 + 10% for sample 4 after 30 min of incubation. Cell receptors
probably recognize plasma proteins associated with liposomes, in particular, 1gG and C3
and its fragments; the presence of these proteins in liposome—protein complexes formed
upon the liposome incubation with human plasma has been the most pronounced for the
ePC-PI-MTXDG 4 formulation [3, 4]. Liposome consumption rate by blood phagocytes
also correlates with values of liposomes total protein binding in plasma ranging from ~30 g
protein/mol lipids for formulations 1 and 3 to 55 and 84 g protein/mol lipid for MTXDG-
loaded liposomes 2 and 4, respectively. The work was supported by the Russian Foundation
for Basic Research (project no. 16-04-01585).
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Modern radiopharmaceuticals can contain two active anticancer components: a suitable
radionuclide and a chelator that has not only a vector but also a therapeutic effect. Among
the possible chelators should be allocated 2-aminopyrimidine cycle - one of the most
important pharmacophore. Of great interest are thiazine derivatives, being the inhibitors of
iNO synthases. Salicylates (Sal) and metal ions, among which an important place is occupied
by zinc are also demonstrating useful properties.

As a radionuclide, we used ®"Zn produced from the photonuclear reaction *Ga
(v, np) ®MZn on a split microtron. ®™Zn was isolated by extraction and ion exchange
chromatography (yield ~ 60%, radiochemical purity is not less than 99%). The chelators were
2-aminopyrimidine (L), 2-aminopyrimidine salicylate (L?), N(5,6-dihydro-4H-1,3-thiazin-2-
yl)benzamide (L?), and [L'],ZnCl, (1), and the first time obtained and characterized [L*],Zn (lI),
L*ZnCl, (Il1). The studies were carried out using spectrophotometry, confocal microscopy,
TLC, ARG, as well as MTT tests and flow cytometry on different leukemia cell lines compared
of mononuclear cells of healthy donors.

It has been shown that the compounds containing ions of zinc, salicylate and
aminopyrimidine (or its derivatives) in various combinations may increase the specificity
towards different types of leukemia. Introduction of aryl and acyl substituents can enhance
the magnitude of the therapeutic window. The chelating of ®"Zn by ligands L' and L? led
to the formation of radiolytic stable complexes (log K binding > 10 for both complexes), which
were characterized by TLC and ARG methods. A study on the distribution of zinc complexes
in organs was carried out on a mouse model. Complex Ill, which has a number of advantages,
proved to be stable in alcohol, but unstable in aqueous and physiological solutions, which
requires its packaging into polymeric carriers It is important that zinc complex, even at low
concentrations, is able to overcome the cell membrane.
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Phenotypic Screening of Tick-Borne Encephalitis
Virus Reproduction Inhibitors
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Tick-borne encephalitis (TBE) is an arboviral disease important for Russia and Europe,
often leading to death or disability when affecting nervous system. It is caused by TBE virus
(TBEV; genus Flavivirus, family Flaviviridae), transmitted to humans after an infected tick
bite. Despite the availability of several effective vaccines, vaccination coverage in endemic
regions remains insufficient, along with growing TBEV area justifying the need for small
molecule antivirals [1].

We have developed a phenotypic screening technique for selection of small molecule
inhibitors of TBEV reproduction. Inhibitiory activity of more than 500 nucleosides and non-
nucleoside small molecules from different classes was assessed against TBEV and other tick-
borne flaviviruses [1-8]. Most classes of small molecules showed EC, values at micromolar
and submicromolar level [1-5], whereas rigid amphipathic fusion inhibitors (RAFIs),
containing perylene moiety, inhibited TBEV reproduction in nanomolar concentrations [1,6-
8]. Mechanism of action studies showed that majority of the compounds inhibited the early
stages of the viral lifecycle, corresponding to the viral entry.

Hit compounds identified during these studies will serve as starting points for further
optimization and development. Similarity of the Flavivirus genus members, such as dengue
virus, yellow fever virus, Zika virus, etc., to TBEV will allow an easy repurposing of the
compounds and eventually lead to broad-spectrum anti-flaviviral drugs.
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On some opportunities of using Keplerate-type polyoxomolybdates
in biomedicine
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The possibilities of using nanocluster polyoxomolybdates (POM) in biomedicine are
determined by the structure, physicochemical, and biochemical properties of these
compounds. The porous spherical structure of the Keplerate-type nanoclusters Mo, ,,,
Mo, ,Fe, with a diameter of 2.5-3.2 nm is formed by the oxygen coordination polyhedra
of molybdenum, including the dimolybdenum octahedral configurations and pentagonal
bipyramids. Nanoclusters are usually stabilized by the acetate groups and water molecules,
which conditions the POM anions hydrophilicity. Molybdenum ions can be replaced, for
example, with iron (1), which reduces the toxicity of POM to a safe level. The presence of
charge in POM macroanions makes it possible to use an electric field for their transport
— iontophoresis, including percutaneous. The association of POM with surfactant
molecules allows to adjusting the hydrophilic-hydrophobic characteristics. The interaction
of nanoclusters with drug molecules (vitamins, antibiotics, insulin, etc.) makes it possible
to efficiently transporting the cures carried with POM. Moreover, the Keplerate POM can
penetrate through the natural histo-hematicbarriers, selectivelyadsorbed by the transformed
and normal cells, increase the permeability of cell membranes for chemotherapeutic agents.
Furthermore, a patent has been received for the use of Mo_ Fe_ -drug for the treatment of
post-hemorrhagic anemia. In addition, a new coordination compound based on Mo, Fe,
has been synthesized and studied, which can potentially serve as a donor of nitric monoxide
in the body.

In context of bioinspired applications, the stabilization of the Keplerate Mo_,Fe, was
found due to its association with serum proteins that increases the POM lifetime. This
phenomenon can be used to create a depot for preparations of prolonged action. Prospective
studies aimed at the development of drug release systems with feedback containing POM
and dyes, in particular, with a luminescent indication of the residual dose of drugs, are
proposed.
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Synthesis and in vitro antitumor activity of pyridoxine-based
dehydrozingerone mimetics containing phosphonium group

Alekbaeva G., Pavelyev R., Balakin K. and Shtyrlin Yu.
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Herein we report synthesis and antitumor properties of novel phosphonium derivatives of
pyridoxine-based Dehydrozingerone (DZG) mimetics. DZG represents an example of natural
metabolite that possesses expressed antitumor properties and pro-apoptotic activities [1].
Anticancer activity of various pyridoxine based phosphonium salts has also been reported
[2]. The underlying idea of this work is to explore antitumor activity of novel molecular
constructs that contain both pharmacophore motifs. The pyridoxine-based phosphonium
salts of bioisosteric analogs of dehydrozingerone 2, 3 have been obtained in 9 stages starting
from pyridoxine. In vitro cytotoxicity study has demonstrated that compounds 2 and 3 have
high antitumor activity against 10 cancer cell lines (IC_; = 0.7-11.7 uM). It has also been
found that compounds 2, 3 increase concentration of reactive oxygen species up to 7-fold
from baseline. At the same time, they decrease mitochondrial potential of cells by 30 and
20%, respectively. The obtained results suggest that both chemotypes represent promising
starting points for the development of new anticancer drugs acting via pro-apoptotic
mechanisms.
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Modified GDNF and it prospects for therapy
in neurodegenerative diseases
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GDNF therapy can be effective in restoring and maintaining the viability of dopaminergic
neurons that die in neurodegenerative diseases. In humans, at least two GDNF isoforms
have been found, differing from each other in the size of the pro-region. It is possible that
pre- (a) pro-GDNF is required for normal neuronal survival, and pre- (B) pro-GDNF serves as
an SOS system and is expressed during traumatic neuronal damage or in neurodegenerative
diseases. To study the significance of the pro-region for the inducer functions of GDNF, as
well as its need for transport of the factor from the cell, several modifications of GDNF
were obtained, differing from each other by the presence / absence of pre- and pro-regions.
Constructs with modified GDNF were transfected into HEK293 cells. It has been shown that
all GDNF isoforms are secreted from transgenic cells into the medium. The effectiveness
of GDNF modifications as neural inductors was tested on a rat fetal spinal ganglion model.
It has been shown that the removal of the pro region significantly increases the effects
of GDNF as a stimulator of neural differentiation of progenitor cells. When using another
research model - the model of the embryonic dissociated spinal ganglion of the rat - a
quantitative analysis of the neural inducer properties of the GDNF modifications was carried
out. Deletion of both pre- and pro-regions enhances trophic activity of GDNF (mGDNF).
Spinal ganglia cultured in the presence of medium obtained after cultivation of transgenic
cells producing mGDNF, showed an active growth of B-3-tubulin-positive processes already
on the 4th day. Then we demonstrate neurotrophic effect of mGDNF for PC12 cells in vitro
and showed that on this model also the sprouts of beta-3 tubulin positive. To confirm the
neuroinduced properties of mGDNF on human cells, we used a human neuroblastoma cell
line. It was found that the addition of mMGDNF to the culture medium with neuroblastoma
cell significantly increased the number of BlIl tubulin positive cells in this culture. In the
mouse model, we demonstrated the positive effect of mMGDNF on dopaminergic neurons
in the in vivo area of the substantia nigra. A model of Parkinson’s disease was used, which
was obtained by subcutaneous injection of MPTP in C57BI / 6 mice. Implantation of cells
producing mGDNF in caudateum-putamen smoothed the symptoms of Parkinson’s disease
in motility tests and increased the number of tyrosine hydroxylase-positive cells in the
substantia nigra. This work was supported by the basic research programs of the Presidium
of the Russian Academy of Sciences ICD and the Fundamental Foundations of the Technology
of Physiological Adaptations.
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Formation of carboxyalkyl chitosans based hydrogel materials
for regenerative medicine products
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The contemporary breakthrough in development of regenerative medicine materials is
primarily due to the raw and synthetic availability of biodegradable artificial [1] polymers.
Indeed, the bio-friendly nature of natural polysaccharides and their ability to create the final
material in accordance with the tasks of regenerative medicine make these polymers unique
for the medicine development. Recent studies showed that hydrogel fiber materials can be
successfully used to restore nervous tissue after a stroke [2].

In the present research we propose the use of chitosan carboxyalkyl derivatives for new
bioabsorbable surgical and regenerative medicine materials formation, such as hydrogels
with deposited therapeutic agents and controlled degradation time, hydrogels containing
biological agents, hydrogels for the purposes of bone tissue regeneration and rehabilitation
of the surgical area, bio-safe non-silicone hydrogels with adjustable swelling degree for the
purposes of soft tissue defects treatment. The listed materials as chitosan derivatives are
bio safe, do not cause toxic effects, tissue irritation, have long resorption time in human
body and allow controlling their swelling degree and mechanical strength depending on the
method of obtaining. Effect of polymers crosslinking method and method of sterilization on
hydrogels structure and properties is experimentally revealed.
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Inhibitors of c-Jun N-terminal kinase (JNK)
as perspective neuro-and cardioprotectors
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Ischemia and tissue recirculation / re-oxygenation are accompanied by oxidative stress
with subsequent JNK activation and cell death due to necrosis and apoptosis. Pan-JNK
inhibition weakens ischemic and reperfusion injury but is accompanied by a variety of side
effects, which can be avoided by using compounds that selectively inhibit JNK3, expressed
mainly in brain and myocardial tissue.

New analogs of 11H-indeno[1,2-b]quinoxaline-11-one-oxime (IQ-1S) and tryptanthrin-
6-oxime were synthesized, having a high affinity for JINK1 and JNK3 and the properties of
inhibitors of these kinases according to molecular modeling and kinase profile studies [1].
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In the model of focal cerebral ischemia in rats, treatment by IQ-1S and tryptanthrin-
6-oxime reduced the infarction area and weakened the severity of neurological deficit.
Under conditions of global cerebral ischemia in rats, the neuroprotective effect of 1Q-1S
was manifested in the preservation of neurons of the hippocampus CA1 zone, improvement
of microcirculation in the brain tissue, as well as in decrease of blood viscosity and severity
of endothelial dysfunction. The cardioprotective effect of 1Q-1S in the model of acute
myocardial reperfusion in rats was manifested in a decrease of the infarction area and in
improvement in the contractile function of the myocardium.
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Synthesis and pharmacological screening of water soluble derivatives
of 4-R-2-hydroxy-4-oxobut-2-enoic acids
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An important biopharmaceutical property of pharmacologically active molecules is
solubility in the body’s natural fluids [1]. We synthesized water soluble compounds 2,4,7
by chemical modifications of the 4-R-2-hydroxy-4-oxobut-2-enoic acids (1): a) through
interaction of acids 1 with heterocyclic amines; b) by formation of sodium 4-(het)aryl-2-
{2-[2-(3-R-adamanthane-1-yl)-2-oxoethylidene]hydrazinyl}-4-oxobut-2-enoats (4); c¢) by
decyclization of 3-iminofuran-2-ones 5 and subsequent obtaining of salts 7. The effects of
the synthesized products on CNS, anticoagulant, hemostatic, analgesic, anti-inflammatory,
wound healing, hypoglycemic, larvicidal, gastroprotective and immunomodulation activities
were studied. Low toxic compounds with activities exceeding those of the reference drugs
were revealed.
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Design of Dual-Target Wnt Pathway Inhibitors
Using Hybrid Machine Learning / Molecular Modeling Approaches
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The simultaneous inhibition of the PI3Ka (phosphoinositide-3-kinase a) and tankyrase
enzymes involved in the Wnt pathway has synergistic effects making it a promising approach
to the colorectal cancer therapy. The design of their dual-target inhibitors represents an
interesting problem of rational polypharmacology. We have shown that the reliable
prediction or ranking of activities towards multiple relevant targets can be achieved by using
hybrid machine learning models (especially Deep Neural Networks) based on the molecular
modeling data.

The molecular docking-based virtual screening workflow can be significantly enhanced
by the machine learning approach to the development of target-specific scoring functions.
Using the empirical potential values derived from the Smina scoring functions as descriptors,
the Deep Neural Network classification models achieve high external test AUC ROC values.
[1]

To predict binding affinities from the analysis of short molecular dynamics trajectories,
they can be considered as multidimensional time series represented by 2D tensors containing
the ligand-protein interaction descriptor values for each timestep. The convolutional neural
network models trained on a relatively small dataset provide the best predictive power,
outperforming the commonly employed molecular docking and MM-PBSA scores. Thanks
to its relatively low computational complexity and the increasing GPU power, this approach
can be used as an advanced virtual screening filter for compound prioritization. [2]

Using these methods, we have successfully performed virtual screening and design of
potential dual-target PI3Ka and tankyrase inhibitors and identified a number of promising
scaffolds.

This study was supported by the Russian Foundation for Basic Research (project no. 18-
515-80028) under the BRICS STI cooperation program.
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Nonstoichiometric titanium dioxide photocatalyst for medical chemistry
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Lastdecadethenanostructuredtitaniumdioxide attracts greatattentionoftheresearchers
all over the world because this material can be used as a photocatalyst for the synthesis of
organic molecules with high efficiency and within the green chemistry [1]. Currently, the
material design engineering is widely employed to create the nanostructured materials with
enhanced properties [2]. One of the efficient ways for the modification of titanium dioxide
materials is creating atomic vacancy defects, which leads to the nonstoichiometry of the
material, change the crystal structure, as well as the optical and electronic properties of the
material. In terms of vacancies, the defects lead to the formation of additional energy levels
within the band gap of titanium dioxide that correspondently results in a shift of the spectral
response to the visible region and in a decrease in the optical band gap [3].

In present work the authors demonstrate the nonstoichiometry in titanium dioxide due
to oxygen vacancies, which leads to higher catalytic activity in synthesis of organic molecules
under visible light illumination, which are useful in medical chemistry for the synthesis of
existing or new medicals.
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Synthesis and Biological Activity of S-, O-, N-, and F-containing Terpenoids
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We have carried out a synthesis of polyfunctional S-, O- N-, F-containing derivatives of
mono-and sesquiterpenoids as well as evaluated their membrane-protective and antioxidant
activities on the basis of an ability to inhibit H,O,-induced hemolysis of mammalian
erythrocytes and retard the accumulation of secondary products of lipid peroxidation.

The ability of monoterpenic sulfides and sulfoxides with carbohydrate fragments to
protect cells under conditions of acute oxidative stress depends on the structure of the
carbohydrate moiety: sulfides and sulfoxides with galacto- and fructopyranose fragments
turned out to be more active compared to compounds with the glucopyranose one.
Both symmetric and asymmetric disulfides with cis-myrtanyl and myrtenyl fragments
showed the highest membrane-protective activity, while the activity of compounds with
a galactopyranose fragment was slightly higher than that of similar structures with a
fructopyranose fragment. The introduction of an ethane bridge between sulfur atoms leads
to a decrease in the toxicity of bis-sulfides compared with disulfides that do not contain
such a fragment, as well as to an increase in membrane-protective and antioxidant activity
compared to sulfide and disulfide.

We also showed that neomenthane- and isobornane-type sulfanylimines possess
membrane-protective and antioxidant activity in the model of oxidative hemolysis of
erythrocytes of warm-blooded animals. We established that some sulfen- and sulfinimines,
as well as fluorine-containing sulfinamides based on 4-caranethiol, have antibacterial and
antifungal activity with respect to Acinetobacter baumannii and Candida albicans. Pinane-
type thiosulfonates showed activity against Candida albicans, Staphylococcus aureus and
Cryptococcus neoformans.

Primary screening of caryophyllane sulfides for antifungal activity showed that sulfide
with the p-nitro benzyl fragment is the most active against C. Albicans. In addition, thiols,
di- and bis-sulfides exhibit antioxidant properties.

This study was performed under financial support of RFBR (project no. 19-03-00951) u
Comprehensive program of UrB of the RAS (project no. 18-3-3-17).
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Domino Reactions as a Potential Tool for the Synthesis of Biologically
Prevalent Ring Systems
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Introduction: Domino reactions could be defined as an efficient synthetic tool for the
construction of two or more chemical bonds in a single reaction step.” This technique has
been frequenty utilized by the synthetic organic chemists for the synthesis of complex
molecular entity in a very simple, and step economic ways in the presence of either a
metal or organo-catalyst.

Methods: In this continuation, our group is focused in developing newer catalyst
system for the synthesis of functionalized heterocyclic derivatives via the utilization of

suitable domino reaction strategy.
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Results & Discussions: We have successfully installed CO, to obtain cyclic carbonate
from epoxide in the presence of bis-imine containing Hydrogen Bond Donor (HBD) catalyst.
This methodology has been further extended for the synthesis of highly functionalized,
tetrahydro furan and isooxazolidine derivatives.® Prior to that, we have also developed
different stoichiometric domino strategies for the synthesis of highly functionalized
2,6-disubstituted piperidines and all carbon quaternary center containing cyclohexanone
derivatives.*

Conclusions: In this abstract, Hydrogen Bond Donor (HBD) catalyzed domino strategy
has been explained for the synthesis of various functionalized heterocyclic in excellent
yields and selectivity.
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New nitric oxide (NO) delivery systems
for chemotherapy of socially significant diseases
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Since the discovery of the important role of nitric oxide in biology [1,2], there has been
an exponential growth of interest in its biochemistry and in studying nitrosyl transition metal
complexes, particularly, biomimetic complexes of iron [3]. During the latest decade, nitrosyl
complexes of tetrahedral iron with functional sulfur-containing ligands, being mimetics of
active centers of nitrosyl non-heme [nFe-mS] proteins, have been of interest for researchers
as the basis for developing innovative medicines [3]. This work presents the data on the
development of a new therapeutic approach (NO-therapy) for the chemotherapy of social
diseases. It is the development of new-generation medicines based on nitrosyl ferredoxin
mimetics and the study of the fundamental principles of their pharmacological activity.

New NO-generating hybrid systems namely compounds with natural [Fe(NO).]
fragment(s) and thioanalogues of pyridine DNA bases, thioureas, thiotriazoles, thioamides
and thiocarbasides were synthesized. Chemical and pharmacological characteristics
of synthesized compounds and their polymer composites have been obtained for the
standardization and certification their as prodrugs. Results from different studies of new
iron nitrosyl complexes pharmacological effects will be presented and discussed.

The work has been performed in accordance with the state task
(State registration Ne 0089-2019-0014).
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Synthesis and antimicrobial activity of quaternary ammonium salts based
on pyridoxine derivatives and fatty acids

Sapozhnikov S., Shtyrlin N., Kayumov A., Sabirova A., Alekbaeva A., Druk A., Shtyrlin Y.
Kazan (Volga region) Federal University, 420008, Russia, Kazan, Kremlyovskaya street, 18

Antimicrobial resistance is one of the most serious problems of modern health care.
Antimicrobial resistance (AMR) threatens the effective prevention and treatment of an
ever-increasing range of infections caused by bacteria, parasites, viruses and fungi. In our
previous works we reported a synthesis of various quaternary ammonium salts based on
pyridoxine derivatives [1-2]. The antibacterial activity of some compounds was higher or
comparable with widely used antiseptics miramistin and benzalkonium chloride.

In this work the diverse library of new quaternary ammonium pyridoxine derivatives
with fatty acids has been obtained in 3-5 stages. Out of more 30 new compounds, five
exhibited high antibacterial activity in vitro inhibiting the growth of various Gram-positive
and Gram-negative bacteria at 0.5-8 pug/ml and were able to eradicate bacterial biofilms at
2-4xMBC, that exceeded activity of miramistin and was comparable to that of benzalkonium
chloride. No resistance development has been observed in series of 14 passages in
presence of sublethal concentrations of all leading compounds, as well as no DNA-damage
or mutagenic activity was detected in SOS-chromotest and in the Ames test. Cytotoxicity
test on HSF (human skin fibroblasts) cells revealed lower toxicity in compare with reference
drugs. These data allow suggesting active compounds a promising starting point for the
development of new antiseptics.
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New antiglycating agents for diabetes therapy:
current progress and perspectives
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In 2015, there were an estimated 415 million people diagnosed with DM in the world.
DM disability and mortality are directly associated with late vascular complications
(cardiovascular disease, retinopathy, renal failure, encephalopathy, impaired peripheral
blood circulation, and others). Accumulation of advanced glycation end products (AGEs) in
tissues is considered as a main driver of these complications. Non-enzymatic glycation of
proteins (Maillard reaction) is the way of AGEs formation.

AGE inhibition,
IC5 in the range of
48.13...690.75*10° mol

We have proposed a synthetic scheme towards promising class of azoloazine
heterocycles (1) and proved antidiabetic potential of these compounds by computational
methods and experiments in vitro. It was shown that azoloazines (1) demonstrated higher
antiglycation activity than reference compound, aminoguanidine, and have some potential
as dipeptidylpeptidase-4 inhibitors. By given results this class of heterocycles can be
considered as candidate for extended studies to develop drugs against complications of
T2DM [1-3].

This work was supported by Russian Federation Ministry of education and science (grant
Ne 4.6351.2017/8.9) and Russian Foundation for Basic Research (grant Ne 18-03-00787).
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Synthesis and biological activity of the first triazole
pyrimidine nucleoside analogues

Semenov V.E., Andreeva 0.V., Saifina L.F., Shulaeva M.M., Belenok M.G., Sapunova A.S.,
Voloshina A.D., Kataev V.E.

A.E. Arbuzov Institute of Organic and Physical Chemistry FRC Kazan Scientific Center,
Russian Academy of Sciences, 42088, Russia, Kazan, Arbuzov str. 8.

Native nucleosides are a productive platform for creating therapeutic agents with high
physiological activity. Synthetic nucleosides are divided into two large groups, namely
classical and formal nucleoside analogs. The first group includes derivatives that retain the
structure of N-glycosides, for example, the antiviral drugs azidothymidine, stavudine, and
others, anticancer drugs gemcitabine, floxuridine and others. The second group includes
derivatives of native nucleosides, in which the sugar residue is replaced by carbo(hetero)
cycle, the nucleic base is replaced with another heterocycle, and the glycosidic bond C1’-N
is replaced with the bond C1’-CH2-N. These include, for example, antiviral drugs abacavir,
lamivudine, etc.

The report is dedicated to the synthesis and biological activity of a series of previously
unknown formal analogues of pyrimidine nucleosides 1-4, in which ribofuranose moiety is
attached to the
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nucleobase (uracil, thymine) or their derivatives (6-methyluracil, 3,6-dimethyluracil,
quinazolin-2,4-dione, alloxazine) through a 4-alkylene-1,2,3-triazole fragment. The influence
on the biological activity of the nature of the nucleic base or its derivative, as well as the
length of the alkylene linker is discussed.

The research was financed by Russian Science Foundation, grant number 19-13-00003.
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Nanohydroxyapatite and its hierarchical textures
as carriers of medical radionuclides
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Modern development of nuclear medicine cannot be imagined without introducing new
promising diagnostic and therapeutic radionuclides and radiopharmaceuticals based on
them. Due to their nuclear-physical and chemical properties, short-lived alpha-emitters (Ra-
223, Ac-225, Bi-213, Pb-211) are effective for treating cancer and are successfully passing
clinical trials. However, the scope of their use is limited by the availability of suitable means
of delivery to cancer cells. Organic and inorganic nanotransporters are increasingly used as
delivery system. In this work, we proposed nanosized hydroxyapatite (HAP), which has both
complete biocompatibility and, in many cases, bioactivity, for the target transport of the
mentioned radionuclides. It does not accumulate, but is completely metabolized in the body
and has long been widely used in medical practice, including as a carrier of medicines. The
HAP is able to form various hierarchical textures, each of which can find its application in
different variants of nuclear medicine. In our work, the focus was on identifying patterns of
sorption interaction between the selected radionuclides and HAP of several morphological
and textural forms. The kinetics and isotherms of sorption and desorption of radionuclides
on HAP from aqueous solutions were studied. The diffusion of radionuclides in a granular
sorbent or in its watered layer was studied and the diffusion coefficient in these media was
estimated (for Ra and Ac). For the binding of the radionuclide and carrier, a cocrystallization
method was also proposed, when the target radionuclide is introduced directly into the
synthesis of the sorbent itself (in this case, HAP).

This work was supported by the RFBR grant No. 18-03-00432.
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Orexin OX1R receptors as a new target for creating
pharmacological agents for the treatment of addiction diseases

Shabanov P.D.

FSBI “Institute of Experimental Medicine”, FSBMEI HE “SM Kirov Military Medical
Academy”Ministry of Defense of the Russian Federation, St. Petersburg, Russia,

The aim of the work was to evaluate the Orexin peptide system as a new molecular
target for the creation of pharmacological agents for the treatment of alcoholism and drug
addiction. In our laboratory, it has been found by the methods of physiological analysis
that the structural and functional basis of reinforcement in the test of self-stimulation of
the lateral hypothalamus in rats is a system of extended amygdala (SEA)structures, includ-
ing the central nucleus of the amygdala, the bad nucleus of the striaterminal, the medial
portion (shell) of the nucleus accumbens and the innominate substance.Orexin peptides
(orexin-1, orexin-2) of SEA are not directly involved in providing emotional response in
the study of the phenomena of self-stimulation, but mediate dopamine and glutamater-
gic reinforcement mechanisms. The introduction of OX1R orexin receptor antagonists into
SEA may have a direct effect on the central mechanisms of psychostimulants and hypno-
sedatives with narcotic potential. This gives basis to consider Orexin antagonists as possible
promising agents of prevention and treatment of addictive disorders. The antagonists of
Orexin receptors OX1R SB-408124 (a classic antagonist) and the new genetically engineered
drug Antorex, created and studied in the Institute of Experimental Medicine, have the
greatest antagonistic activity against the psychoactivating action of amphetamine. SB-
408124 was most effective when locally injected into the bad nucleus of the striaterminal
and the central nucleus of the amygdala. After administration into the lateral ventricle
and the medial part of the nucleus accumbens, the antagonistic efficacy of SB-408124 on
the reinforcing properties of addictive drugs is reduced.Antorex, which is a peptide with
a molecular mass of about 4.2 kDa, showed high activity when administered intranasally
to rats. Orexin OX1R receptor blockade with SB-408124 or Antorex administered to the
ventricles of the brain or SEA reducedor inverted the psycho-activating properties of
psychostimulants (amphetamine, phencyclidine) and hypno-sedative drugs (trimeperidine)
on the self-stimulation of the lateral hypothalamus acting as the suppressive drugs. The
antagonistic effects of SB-408124 on the reinforcing properties of the self-stimulation of the
lateral hypothalamus are manifested by the following pattern: phencyclidine>amphetamin
e>trimeperidine. Orexin with local and intraventricular administration does not significantly
change the main indicators of spontaneous self-stimulation of the lateral hypothalamus,
as well as its combination with OX1R antagonists of SB-408124 or Antorex, which indicates
only the modulating type of action of both agents on self-stimulation of the brain.



108 MedChem Russia 2019

Highly efficient and selective inhibitors of carboxylesterases
based on polyfluoroalkyl-2-imino-1,3-dione scaffold.

Shchegolkov E., Burgart Ya.!, Elkina N.!, Khudina O.%, Boltneva N.?,
Kovaleva N.?, Rudakova E.2, Makhaeva G.2, and Saloutin V.t
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Recently, an attention rises sharply to the carboxylesterases (CaE), playing an important
role in activation, detoxication and biodistibution of xenobiotocs. They include a plenty of
drugs with ester, amide and carbamate group, responding for phase | of their metabolism.

To create the effective CaE inhibitors, we suggested the original polyfluoroalky-2-imino-
1,3-dione scaffold (PFIDS) [1], combining two the known chemotypes in one molecule
— trifluoromethylketone and 1,2-dione. These fragments provide an inhibitory activity
and selectivity in relation to CaE. We have found that alkyl 2-arylhydrazinylidene-3-oxo-
polyfluoroalkylpropionates 1 (Foxins) have the most anti-CaE activity, inhibiting this enzyme
in nanomolar range, while ester 4 bearing natural alcohol substituents demonstrate the
most selectivity in CaE inhibition comparing to functionally related esterases. Interestingly,
acids 5 have the significant anti-CaE action along with antiradical activity. The effective
and selective CaE inhibitors also were found among 4,7-dihydroazolo[5,1-c][1,2,4]triazines
2 (the cyclic isomers of Foxins 1) and analogs of PFIDS 3, having the hydroxyl substituent
instead of arylamino group.
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This work was financially supported by the Russian State assignment AAA-
A-A19-119011790134-1.
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1,2,4-Oxadiazole/2-imidazoline hybrids: Multi-target-directed weapons
for the combat of infectious diseases and cancer

Shetnev A.%, Belova A., Panova V.}, Baykov S.?, Kalinin S.2, Korsakov M.!
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A development of novel antibacterial scaffolds for treatment infectious diseases is one
of the greatest challenges to human health in our days. Replacement of amide moiety with
1,2,4-oxadiazole core in the scaffold of recently reported efflux pump inhibitors [1] afforded
a novel series of oxadiazole/2-imidazoline hybrids. An antimicrobial and cytostatic potency
of the library of synthesized compounds was evaluated on Gram-positive, Gram-negative
bacterial strains (E.coli, S.aur., B.subtillis etc.) and pancreas ductal adenocarcinoma (PANC-
1) cell line.
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Some of investigated compounds exhibited attractive antibacterial profile reaching
MIC values between 8 and 32 pg/mL which makes them undoubtedly promising for
further evaluation. Several frontrunners (2a (X=N, Y=0, R =Me, R, = 3,4-diCIC6H3), 2b (X=0,
Y=N, R=H, R, = 3-CICH,, 2¢ (X=0, Y=N, R =H, R, = 3-MeOCH,, 2d (X=0, Y=N, R;=Me, R,
= 4-MeC6H4), and 2e (X=0, Y=N, R,=Me, R, = 3-CIC6H4)) have been studied in more details
and showed pronounced bacteriostatic properties against drug-resistant strains, as well
as substantial antiproliferative activity against PANC-1 cell line. In the meantime type-
selective MAO inhibitory profile revealed for the most active compounds is favorable for
them to demonstrate good side-effect characteristics in further development [2]. Finally,
we strongly believe that this scaffold may gain attention of medicinal chemists as easily
accessible privileged structure serving as starting point for novel libraries of biologically
active compounds.

Funding: This work was financially supported by the Russian Foundation for Basic
Research (RFBR) grant No. 18-33-01108
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Gamma-carbolines as the promising pharmacophores
for the new neuroprotective drugs

Shevtsova E.F., Shevtsov P.N., Bachurin S.O.
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Chernogolovka, Moscow Region, 142432, Russia

The increase in life expectancy leads to a significant rise in age-dependent sporadic
forms of neurodegenerative diseases and an expansion in the relevance of creating new
drugs for their treatment.

Neurodegenerative diseases are multifactorialand have extremely complex etiopathology
and involve two or more pathophysiological indications and so current paradigm of drug
design is development of a single entity with multiple pharmacological activities including
the neuroprotective potential. Derivatives of gamma carbolines are of particular interest as
a basis for the creation of such drugs, the first of which was dimebon and one of the most
important targets of Dimebon are mitochondria [1,2]. Mitochondria and specific process of
mitochondrial permeability transition (MPT) are the key stage of cell death and so are the
main targets for realizing the neuroprotection. The increasing sensitivity of mitochondria to
agents inducing MPT is not only a typical feature inherent in aging, but also an important
component of the neurodegenerative process. It is shown that dimebon and lead compound
among its fluorine-containing derivatives stimulate the neurogenesis and this type of activity
is also possibly closely related to their ability to suppress MPT [3]. Large number of gamma-
carboline derivatives including their binary complexes and conjugates with some other
promising pharmacophores has been synthesized at the IPAC RAS, and their interaction with
mitochondria, as well as with a number of targets capable of providing a compensatory
cognitive-stimulating effect (glutamate receptors, cholinesterase), or disease-modifying
effect (microtubule stabilization) has been studied. Lead compounds of interest for further
preclinical trials have been identified.
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Modeling of E5 human papillomavirus ion channel
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Human papillomavirus (HPV) belongs to the papillomavirus family and is quite common
in the world. Currently, there are more than 170 types of this virus, of which about 30 can
cause cancer. Despite the availability of a vaccine, the development of methods of medical
treatment of diseases caused by HPV is still appropriate.

Human papillomavirus virions contain several targets for possible chemotherapeutic
intervention. One of the most promising targets is the ion channel E5, which is involved in
the proliferation of human keratinocytes and their transformation into a malignant tumor.
It is known that the E5 ion channel has a rather large internal cavity, as well as side pockets
located near the bilipid membrane and containing lipophilic and hydrophilic regions.

During the work on the project, the E5 HPV ion channel was modeled and molecular
docking was performed. The structures contained adamantane, homo-adamantane and
bicyclo [3.3.1] nonane moieties, which facilitate penetration through the membrane to the
target and its binding to lipophilic sites, connected with aromatic, and / or non-aromatic
carboxy and heterocycles containing hydrogen bond donors and acceptors for interaction
with hydrophilic amino acid residues within binding sites. For the structures that showed
the highest binding energies, the blocking of the HPV channel was verified using molecular
dynamics, and the influence of the structure of the molecule on its binding energy to the
HPV ion channel was evaluated. On the basis of the data obtained, the leading structures
and the most promising directions for their modification were selected.

The research is funded by RFBR project 19-03-00973.
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A modern approach to development of antitumor drugs:
the case of somatostatin analogue

Shprakh Z.

FSBI «N.N. Blokhin National Medical Research Center of Oncology»
of the Ministry of Health of the Russian Federation, Moscow, Kashirskoe sh., 24

In this report the processes involved in drug development and the methods used for
this purpose will be presented that will be illustrated by new antitumor drug created in N.N.
Blokhin NMRCO - somatostatin analogue (SA) intended to neuroendocrine tumors (NET)
management. As the disease has been agreed on, the drug’s target has been also identified -
somatostatin receptors of five types (SSR1-5), that are expressed by NET. A SAs “cluster” with
specific amino acids sequence to bind with SSRs has been synthesized, and the most active
pentapeptide compound judged based on IC50 value in vitro has been chosen. To examine
structure-activity relationship expression of SSR in animals experimental tumors has been
shown. Lead compound synthesis has been optimized for higher purity, its physicochemical
and pharmacological properties have been researched to determine quality target product
profile (QTPP): uncoated tablets, oral administration, unmodified release, dose - 6 mg/
tablet. Pharmaceutical development allowed to choose SA tablets optimal composition to
obtain drug with characteristics corresponding to QTPP, PhEu and PhRu: desintegration time
less than 15 min, resistance to crushing > 30 N, weight variation <7.5 %, active substance
content closed to nominal and consistent SA distribution in the batch. In preclinical study
SA high antitumor efficacy has been shown on transplatable cervical cancer RShM5 and
adenocarcinoma Ca755 (86% of tumor growth inhibition, TGl). Also SA was effective on
the advanced tumor (TGl = 79-76%) and demonstrated antimetastatic effect (61% MGI) in
combination with the surgical treatment. Pharmacokinetic studies informed on drug ability
to all investigated organs and tissues including brain and tumor and its speed absorption and
distribution and excretion by kidney in 72 hours. Preclinical toxicology studies showed SA
safety with slight functional and morphological changes in organs and permitted to estimate
the initial dose for clinical trials phase I. First experience of SA use in human showed drug
satisfied safety and acceptability of the treatment.
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High-Spin Coordination Complexes in Magnetic Responsive Hybrid
Materials: Prospective for Biomedical Applications
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We discuss the potential biomedical applications of the magnetic responsive hybrid
materials based on high-spin coordination complexes: planar Ni(ll) hydroxo complexes
[Ni,(pymeid) Ni_ ,(OH) (p,-OH), Cl.(H,0).]'38H,0 (left structure) and complexes of rare-
earth metals La(lll) with fluorinated 1,3,5-triketones [La,(hfdacp),(bpy).], La=Dy, Ho (right
structure) embedded in polymer matrixes.

The Single-Molecule Magnet (SMM) behavior is shown for both types of the original
exchange- coupled metal complexes [1, 2]. The magnetic dc- and ac- characteristics are
presented and analyzed in the framework of calculated electronic spectra. Two synthetic
strategies are discussed: incorporation into nanopores and covalent bonding, including
ligand functionalization for specific labeling.
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Camphor and borneol derivatives as effective inhibitors
of orthopoxivrus and filovirus infections
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The family Filoviridae includes hemorrhagic fevers Marburg and Ebola, which are
characterized by high viremia, multiorgan failure with a mortality rate from disease up to
90%. The Orthopoxvirus genus belongs to the Poxviridae family and includes variola virus
(smallpox), cowpox virus, monkeypox virus and vaccinia virus. Smallpox is considered one of
the great epidemic disease scourges in human history. There is currently no antiviral therapy
for these viral infections. The purpose of this work is the synthesis of heterocyclic camphor
and borneol derivatives for the subsequent study of antiviral activity against orthopoxviruses
and filoviruses. Scheme 1 shows the chemical transformations to the target derivatives. Two
key structural fragments that are present in the synthesized derivatives can be isolated:
1,7,7-trimethylbicyclo [2.2.1] heptan scaffold and six-membered N-containing heterocycle.
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Scheme 1.

Among the synthesized compounds, camphor thiosemicarbazone and its derivatives
displayed very good inhibitory activity against vaccinia virus and smallpox. The highest
antiviral activity against filoviruses was shown for (-)-borneol based esters and (+)-isobornyl
based amides and (+)-4-methylpiperazin-10-sulfonyl-camphor.

This work was supported by the Russian Science Foundation No. 17-73-10153.
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Trace amine associated receptor 1 and their role in the treatment
of some neuropsychiatric diseases
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Trace amine associated receptors 1 (TAAR1) are related to the family of G protein-coupled
receptors revealed in 2001 [1]. TAAR1 were found in catecholamine areas of CNS [1]. There
is growing evidence that TAAR1 can modulate the central catecholaminergic activity [1].
The clinical trials of two TAAR1-activating compounds for schizophrenia treatment are in
progress [2]. Despite the clinical studies has been yet commenced, the information about
the possible therapeutic effects of TAAR1 activation on the other neuropsychiatric disorder,
in the pathophysiological mechanism of which the disturbances of catecholamine levels
are involved, is still scarce. The present study was aimed to indicate the effects of TAAR1
activation in the preclinical models of such neuropsychiatric disorder like OCD, ADHD, and
drug addiction.

The results of the present study demonstrated that TAAR1 agonist RO5263397 decreases
specifically the adjunctive drinking in one of the preclinical OCD models and this effect is
maintained with repeated drug administration without the development of tolerance [3].
TAAR1 activation is able to decrease basal hyperactivity in DAT-KO rats, the novel ADHD
model in vivo [4], additionally RO5263397 was shown to slightly affect impulsive choice
in rats. Pretreatment with the TAAR1 agonist RO5263397 dose-dependently decreased
nicotine-induced hyperlocomotion in rats habituated to locomotor boxes, prevented the
development of nicotine sensitization and blocked hypermotility in nicotine-sensitized
rats at the highest tested dose (10 mg/kg) [5]. Generally, these results further support the
previously proposed view that TAAR1 is a promising target for the neuropsychiatric disorder.
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Synthesis of Novel Organophosphorus Compounds as Drug Candidates

Suresh R., Santhisudha S. and Mohan G.
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In the past decades, organophosphorus compounds (OPC’s) have been widely employed
as substrates in the synthesis of both natural and synthetic products with significant
bioactivity. These OPC’s exert strong effect on the biological properties due to their unique
physiochemical properties. They are used as drugs in medicine for veterinary & human
diseases and pesticides in agriculture & horticulture [1]. They have been also used as potent
enzyme inhibitors, antimicrobial, antitumor, antioxidant, antiviral and antidiabetics.

Pharmacophore hybrid approach is one of the most effective methods in medicinal
and pharmaceutical chemistry to develop new drugs. It includes the fusion of two
or more pharmacophoric groups in a single molecule to attain synergetic bioactivity.
It also affords an improved selectivity profile with enriched pharmacokinetic and
pharmacodynamic boundaries, decrease of antagonistic side effects, dual or numerous
modes of action and lesser drug-drug interactions. This method has been successfully
exploited out in our research through incorporation of a phosphonate motif with a
new C-P bond into various biologically potent acyclic, cyclic and heterocyclic moieties.
These hybrid pharmacophoric compounds show very remarkable results on the
target compounds having diverse activities such as anticancer [2], antioxidant [3],
antimicrobial [4], antidiabetic [5], pesticidal [6] and so on.
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New biologically active derivatives of adamantane and
heteroadamantanes containing monotherpenoid fragments
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One of the approaches to the creation of new medicinal agents is the transformation
of natural biologically active metabolites, for example, monoterpenoids. Adamantane
derivatives find widespread use in clinical practice because that have a variety of
biological activity. At the same time azaadamantanes which contain nitrogen atoms at the
bridgeheads are much less studied. The aim of our work was to combine these two types of
pharmacophore fragments in one molecule.

As a result of our studies, we synthesized libraries of monoterpenoid derivatives (acyclic,
monocyclic, bicyclic) which contain fragments of adamantane, diazadamantane and
triazadamantane [1-4]
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These compounds were tested for various types of biological activity: antiviral (influenza
virus, herpes virus), antibacterial, fungicidal, analgesic and anxiolytic activities, as well as
inhibitory activity towards human DNA repair tyrosyl-DNA phosphodiesterase 1 (Tdp1l),
plays an important role in the formation of resistance of cancer cells to antitumor drugs. In
almost all cases, we found compounds that showed high biological activity. In particular, both
derivatives of aminoadamantanes (compounds 1 and 2) and diazadamantane (compound 3)
also showed significant activity against Tdp1.

The reported research was funded by Russian Foundation for Basic Research and the
government of the Novosibirsk region of the Russian Federation, grant Ne 18-44-540023.
The work was supported by the Russian Science Foundation under Grand Ne 19-13-00040.
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The Development of a New Class of Factor Xa Inhibitors as an Example of
Structure-Based Drug Design with Feedback

Tarasov D.*?, Tovbin D.%?, Malakhov D.*
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2N.Semenov Institute of Chemical Physics,
119991, Russian Federation, Moscow, Kosygina str., 4 building 1

The original technology for the development of a new chemical compounds was created.
It based on: - numerical methods for the predicting of the interaction of small molecules with
proteins [1, 2]; - organic synthesis; - “in vitro” measuring their biological activity; - “in vivo”
preclinical trials. The core idea of the approach is in combination of two groups of methods:
one is based on physical models and chemical rules and another one uses experimental
data. The main difference our approach from other known methods was in that both active
and not active molecules have been used to adjust it.

Using our method we have developed a new class of the compounds that inhibit
protein factor Xa (FXa) - one of the most attractive targets for new antithrombotic agents.
The inhibition constants of the protein FXa by these compounds were closely to the best
known analogues in the world. Moreover the most important indicator for hemostasis
being measured showed the concentration of the substance DD217, which doubles the
prothrombin time on human plasma, was less than 100 nM - the best result among the
known inhibitors according to literature data.
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Innovative Anticoagulant Drug,
Direct Factor Xa Inhibitor Development - DD217
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Factor Xa (FXa) plays a central role in a blood coagulation cascade and considered
to be one of the most attractive targets for oral anticoagulants of new generation. The
substances like R -(CONH)-R,-(CONH)-R, are being developed using our own docking
and screening methods?, where R, R, R, are some chemical groups, (CONH) are amid
bonds. Subnanomolar potency of several developed compounds was achieved. For some
developed compounds was measured the concentration that doubled the prothrombin
time (PTx2). PTx2 concentration of the compound DD217 less than 100 nM proves the
efficacy of the compound, which makes it promising for the future trials?.

A clinical study of Phase 1 (for healthy volunteers) was carried out for the DD217.
The results have showed that DD217 is absorbed more slowly and leaves the blood more
slowly compared Rivaroxaban with the same therapeutic doses, that is, it acts “softer”,
which can allow it to maintain a more stable blood concentration once a day. Therefore, it
can lead to greater predictability, efficiency and security of DD217.

At the moment, a multi-center, randomized, double-blind, placebo-controlled
prospective study is being organized for DD217 to select optimal doses and assess the safety
and efficacy of DD217 as a means of preventing venous thromboembolic complications in
knee arthroplasty.

24 a
2,2 —
2
is =m0 Mr W, DD217
1,6 " ® = =10 mr Rivaroxaban ®

14

Yy
1,2 “tau,
:1 ..l..........*-.

Hie NH FHa
0,38 }—Qr/
0 5 10 15 20 25 ¢ } s
HN'

Time after injection, h

Anti-Xa activity, OD

Relative change in anti-Xa activity with a single dose of DD217 and Rivaroxaban on healthy volunteers.

References
[1] Tarasov D, Tovbin D. J Mol Model. 2009 Mar;15(3):329-41
[2] D. Tarasov, D. Tovbin, D. Malakhov et al., Curr Drug Discov Technol. 2018 Dec; 15(4): 335-350



120 MedChem Russia 2019

Phase and Microelement Composition of the Kidney Stones
of Ob’ River Watershed Residents
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Kidney stone disease, also known as urolithiasis, occupies one of the first place among
urological diseases in the World. However, the causes of urolithiasis are not clearly
understood wherein urolithiasis depends on the individual characteristics of the patient
and adverse environmental factors (ecology, food, etc.). For the treatment of urolithiasis,
the following methods are traditionally used: surgery, ultrasonic chipping stones, drug
dissolution urolites, etc. It should be noted that more than half the cases of the simple
urolite removal leads to relapse of urolithiasis without further correction of the patient’s
diet.

The phase and elemental composition study’s of the urolites is an effective way to identify
patterns of their growth processes and scientifically based approach to the prevention of
stone formation. The phase composition was studied by powder diffractometer Shimadzu
XRD-7000. The elemental composition was studied by ICP OES spectrometer Thermo
Scientific iCAP-6500. We investigated the uroliths of residents from various regions of
the Russian Federation. The concretions «Invitro» are provided (in the framework of joint
research of NIIC SB RAS and «Invitro»). More than 2,500 stones of residents of the Ob basin
(Novosibirsk, Omsk and Chelyabinsk regions) and more than 15,000 stones of residents of
the Russian Federation were analyzed.

We noticed significant changes in the phase composition of kidney stones studying the
X-ray results for the residents of the Novosibirsk, Omsk and Chelyabinsk regions (for 10-
15 years). The oxalate stones amounts increased by 10%, the phosphate stones amounts
decreased by 5-10%. The phosphate stones are more common in Novosibirsk and Omsk
regions — 10-12%; uric acid and its salts — in Chelyabinsk region (21%). The ICP OES data
showed, that in X-ray amorphous stones are contained Ca, P, Mg, Na, K (more than 0.1%
wt.); Ba, Bi, Cd, Cr, Cu, Co, Fe, Mn, Mo, Ni, Re, Rb, Si, Sr, Ta, Zn, Pb, Al, W (0.001-0.1% wt.).
The elements Na, Mg, K more common in oxalate; Na, K, Zn, Sr — in phosphates; Na, Ca, K,
P —in urinary stones.
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Search and development of drugs for the correction
of endothelial dysfunction
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This report will consider issues dealing with the role of nitric oxide and endothelial
function/dysfunction in providing a number of physiological and pathophysiological
processes and various body systems functioning. It also covers in details the possible ways
of pharmacological management of endothelial dysfunction (ED) using drugs of different
pharmacological groups (classes). Diverse pharmacological effects which have various
degree of intensity and presented at various stages of ED pathogenesis are discussed.
The value and urgency of search and development of agents with endothelial protection
potential are studied in available experimental and clinical works on the considerable role
of endothelial system in cardiovascular diseases and lack of specific means for prevention
and treatment of endothelial dysfunction. Integrated morphological-functional approach to
assessment of ED and endothelial protection of substances was developed and implemented
in experimental practice in Cardiovascular

Agents Laboratory of the Volgograd State Medical University Research Institute
of Pharmacology. Various ED models were tested and most valid ones were selected.
Endothelial protection of new compounds such as Salifen and Flavicin are considered and
compared with cardiovascular drugs (ACE inhibitors, angiotensin receptor blockers, statins,
etc.), antioxidants etc.
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Azolo[1,5-a]pyrimidimes and their derivatives
in searching the agents against sepsis

Ulomskiy E.N., Rusinov V.L., Savateev K.V.
Ural Federal University, 19, Mira St., Yekaterinburg. Russian Federation, ZIP 620002.

Sepsis which has microbial and viral nature is serious sequela of infectious diseases.
The significant funds and intellectual resources of major scientific research collectives are
expended to fight the sepsis. The picture of biochemical processes of the sepsis is very
diverse, but it has been attracted the attention to the key role of the receptors action in
the activation and inhibition of sepsis in recent years. One of the important objects in this
direction are adenosine receptors (A, A, , A, A.) and compounds acting on them (agonists
and antagonists). The molecular structure of such receptor effectors simulates purines, their
azoloannelated analogues and and non-natural nucleosides in most cases.

The objects of the development and creation of agents against sepsis as assumed A,,
inhibitors of receptors became triazolopyrimidines (1-3) and triazolopurines (4) which is
close in structure to purines.
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There were analyzed the database, offered the most promising objects, were developed
the methods of synthesis and were found the first active compounds in the study. As the
most promising members of the group were identified representatives among water-
soluble compounds such as (1) which showed an active activity against sepsis. It should be
noted that the compounds do not have antimicrobial activity indicating their impact on the
regulated processes by receptors.

We thank the Russian Science Foundation grant Ne 17-13-01096.
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Research and development of fluorinated derivatives of Dimebon as
potential drugs for the treatment of neurodegenerative diseases

Ustyugov A.A., Vikhareva E.A., Chaprov K., Nebogatikov V.0., Bovina E., Maleev G.,
lvanova T.A., Aksinenko A.Yu., Sokolov V.B., Bachurin S.O.
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A large number of clinically different neurodegenerative disorders are grouped
under one term — proteinopathies having a formation of insoluble fibrillar structures and
depositions in the form of histopathological inclusions in the nervous system as a major
hallmark of pathology. Results of previous studies suggested that fluorinate derivatives of
Dimebon might act as neuroprotectors in the nervous system affected by neurodegenerative
processes of protein aggregation [1, 2]. We used a model of fatal neurodegeneration
caused by expression of the C-terminally truncated human FUS (heterozygous FUS(1-359)
[3] to assess the effect of chronic administration of Dimebon and its fluorinated derivates
DF302 and DF402 on the disease onset and duration, and animal lifespan. In contrast to
Dimebon, fluorinated derivates showed pronounced effect on the disease duration leading
to increased lifespan of transgenic animals. We used Noldus CatWalk gait analysis system
to test FUS(1-359) and wild type littermates starting at the age of 30 days and continued
until the symptoms were visible. After classification of footprints we employed R algorithm
to perform multi-dimension scaling analysis. Data from 499 mice and 308 parameters were
analyzed. We were able to select a set of parameters distinguishing between transgenic and
wild type mice long before clinical signs of neurological pathology become visible. As a result,
we conclude that more detailed characterization of the effect of DF402 on animal nervous
system at presymptomatic stage is required for better understanding of the mechanism of
the drug action. Yet, the studied fluorinated compounds showed high degree of efficacy
which is supported by our findings of extended lifespan and reduced age of onset as well as
delayed motor deficits. The study of fluorinated compounds was supported by RSF #19-13-
00378. Animals were supported by IPAC RAS Bioresource Collection (No. 0090-2017-0016);
Centre for Collective Use IPAC RAS was used for CatWalk data collection in the framework of
the State Assignment of IPAC RAS (0090-2017-0019) and research program of the Presidium
of the RAS “Fundamental research for biomedical technologies.”
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Oxidative C-H functionalization in the synthesis
of “azine-metallocene” ligands systems
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Enantiomerically enriched metallocenes compounds as well as bi(hetero)aryls,
binaphthyls are included in the list of ligands of primary importance in the field of
asymmetric synthesis. Among the metallocenes ligands homoannularly substituted planar
chiral azinylmetallocenes using as catalysts in various reactions of asymmetric synthesis
deserve special attention.

Based on the C-H functionalization reactions in azines (S " reactions) by chiral lithium
metallocenes a new low-stage and atom-economical method has been developed to
production of P N-ferrocenlylazines ligands [1]. To use of S " reactions allows to increase
the yields and enantiomeric purity of planar chiral azinylferrocenes, avoiding application
of palladium catalysts and halogenated azines. It has been found that the synthesized
enantiomerically enriched P, N-ligands L1,2 has shown high catalytic activity in the reactions
of asymmetric [3+2] cycloaddition, reduction as well as in the addition reactions of diethyl
zinc to aldehydes.
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Acylative Kinetic Resolution as an Efficient Method for Preparation of
Enantiomerically Pure Amines and Acids

Vakarov S., Korolyova M., Gruzdev D., Chulakov E., Levit G., and Krasnov V.

Postovsky Institute of Organic Synthesis, Russian Academy of Sciences (Ural Branch),
620990, Russia, Ekaterinburg, 22 S. Kovalevskoy St. / 20 Akademicheskaya St.

A constantinterest in developing efficient synthetic approaches to individual enantiomers
of organic compounds is attributed to their practical value, especially, for medicinal and
analytical chemistry. The optical kinetic resolution (KR) is one of widespread approaches to
obtain enantiopure compounds [1]. The acylative KR is a versatile method that can be used
for the preparation of both enantiopure amines and acids.

A study on acylative KR of chiral amines (1) and 2-oxyacids (2) of various structures
was carried out. An influence of the reagents’ structure on the stereochemical outcome
of the acylation was studied. To explain the observed stereoselectivity, DFT modelling
of the transition states (TSs) in acylation of chiral 3-methylbenzoxazines with 2-oxyacyl
chlorides was performed. It has been found that acylation proceeds via a S, 2-like concerted
mechanism. From the calculation results, it follows that the acylation stereoselectivity is
determined by the combined effect of steric and electronic factors. In this case, aromatic
interactions between the reagents’ molecules in TSs, presumably, play a crucial role in the
observed stereoselectivity.
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The obtained results were used to develop the methods for preparation of individual
enantiomers of 3-methylbenzothiazine (1:X=H, Y=SCH_, Z= Me) and 3-tert-butylbenzoxazine
(1:X=H,Y=0CH,, Z=t-Bu), as well as a number of 2-oxysubstituted carboxylic acids (ee up
to 99%), including practically valuable ones.
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Neural network modeling of the poly-functional multi-target
pharmacological active compounds
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By the method of artificial multilayer perceptron neural networks in Statistica program
[1], the classification dependences of the level of RAGE inhibitory activity on the calculated
affinity of compounds for significant target proteins of the RAGE-NF-kB signaling pathway
were constructed. The training set included information about 183 known RAGE inhibitors
from the patented database [2]. With the use of AutoDock Vina program [3], an ensemble
docking of these structures in sites of 66 valid 3D models of 22 relevant target-proteins of the
RAGE—NF-kB signaling pathway was performed, and the minimum docking energy values for
each compound in relation of each target were determined. Three high significance neural
network models were found (p<<0.001), the predictive accuracy of which, according to the
ROCK analysis, was 90%, 86% and 81% for high, moderate and low active RAGE inhibitors,
respectively. The sensitivity analysis of these neural networks has shown that, for a high
level of RAGE inhibitory activity, the most significant bio-targets of the RAGE—NF-kB signaling
pathway are 8 protein kinases ERK2, MAPK14, JNK1, JNK3, PRKCA, PRKCG, PRKCD, PRKCQ
and transcription factor NF-kB1.

Similarly, two neural network dependences for SERT and NET inhibitory activities
of 1,3,4-thiadiazine derivatives on their affinity for 13 proteins, which determine the
effectiveness of these compounds under correction of the systemic stress response, are
constructed. It is shown that for this action the most significant are 7 bio-targets: tyrosine
kinase JAK3; transporter proteins SERT, NET, DAT; receptors CHRM1, DRD1, DRD2.

The work was funded by the Russian Foundation For Basic Research, 18-015-00499
project.
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Direct C-H functionalization of pyrimidine derivatives
to development of antibacterial agents
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The report will present data on the functionalization of pyrimidine derivatives using
various combinations of nucleophilic aromatic substitution of hydrogen, cross-combinations
of Suzuki and Buchwald-Hartwig. In addition, the results of studies on biological activity assay
(antituberculosis and antibacterial activities) for synthesized mono- and polysubstituted
pyrimidine derivatives will be discussed.
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New Types of bis-Quaternary Pyridinium Salts Possessing Antibacterial
and Antifungal Activity

Vereshchagin A.N.
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The most part of antiseptics on contemporary Russian medical market are based on
quaternary ammonium compounds (QACs). The most known and effective antiseptics
are benzalkonium chloride, cetylpyridinium chloride, Miramistin (all based on mono-
QACs), chlorhexidine, alexidine, octenisept, mestamidine (based on bis-QACs). The
active ingredient of the last two drugs is the bispyridinium quaternary salt of octenidine
hydrochloride, produced in Germany. It is known that various strains of bacteria, including
pathogens, develop resistance to antimicrobial drugs [1,2]. Therefore, the search for new
chemicals with biocidal properties against a wide range of pathogenic and potentially
pathogenic microorganisms, as well as viruses, is very important.

We have been proposed an original approach to the synthesis of several new types
of bispyridinium salts with significant antibacterial activity against a wide range of
pathogenic bacteria (both gram-positive and gram-negative) and fungi, exceeding the
activity of known antiseptics. The undoubted advantage of the obtained bispyridinium
salts is their high selectivity of action against pathogens such as Staphylococcus aureus,
Escherichia coli, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, Candida albicans, Cryptococcus neoformans.
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Liposomes and Nanomedicine
Vodovozova E.L.

Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences,
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The use of liposomes — phospholipid vesicles — as drug delivery systems today is a
recognized approach to increasing the efficiency of treatment and improving the quality of
life of cancer patients [1]. Liposome-based products are leading among nanomedical drugs
intended for systemic administration, since liposomes are characterized by the highest bio-
and hemocompatibility and the lowest toxicity. Moreover, phospholipids themselves possess
a useful pharmacological activity. In recent years, the technologies of liposome production
have been improved, methods of the inclusion of diverse substances — from small molecule
drugs to peptides, oligonucleotides or non-large proteins — have been developed. However,
the range of active pharmaceutical ingredients presented in liposomal formulations on the
market is small. This is largely due to the problem of nanoscale carrier loading efficiency.
One of the ways to solve it is the inclusion of drugs in the form of lipophilic prodrugs in
the bilayer of liposomes. In the Laboratory of Lipid Chemistry, Shemyakin-Ovchinnikov
Institute of Bioorganic Chemistry, liposomes based on natural phospholipids loaded with
dioleoylglyceride ester conjugates of chemotherapeutic drugs melphalan and methotrexate
have been developed [2]. Physicochemical characteristics and biological activity of
liposomes, including those equipped with tetrasaccharide address molecule Sialyl Lewis
X for delivery to angiogenic endothelium of tumors, were studied in vitro and in vivo [3-6].
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Nitroazolo[5,1-c][1,2,4]triazines and their derivatives
as inhibitors of adenosine A2a-receptors

Voinkov E.K.!, Gorbunov E.B.2, Ulomskiy E.N.%2, Rusinov V.L.1?

1Ural Federal University named after the First President of Russia B. N. Yeltsin. 620002,
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Adenosine A2a-receptors play an important role in the regulation of cellular functions [1].
The interruption of purinergic signal transmission between cells leads to the development of
various neurodegenerative pathologies, in particular, associated with the work of adenosine
A2a-receptors: Parkinson’s disease, Alzheimer’s disease and sepsis.

One of the most effective antagonists of adenosine A2a-receptors is the compound
ZM-241385 [2], which belongs to the class of azolo[5,1-c][1,3,5]triazines. The structural
similarity of the azolo[5,1-c][1,2,4]triazines being developed with the reference compound
ZM-241385 suggests effective receptor inhibition.

Quantum-chemical calculations showed inhibitory activity of some representatives of the
azolo[5,1-c][1,2,4]triazine series being developed in relation to adenosine A2a-receptors.

The synthesis of azolo[5,1-c][1,2,4]triazines consists in the diazotization of aminoazoles
1 and azacoupling of diazoazoles with the potassium salt of nitroacetonitrile. The resulting
hydrazones 2 are undergone intramolecular cyclization of the nitrile group with the closure

of the 1,2,4-triazine ring and amino group.
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The subsequent reduction of nitroamines 3 leads to the formation of diamines 4, the
cyclization of which produces tricyclic analogs of natural purines - imidazo[4,5-e]azolo[5,1-c]

[1,2,4]triazines (5) and 1,2,3-triazolo[4,5-e]azolo[5,1-c][1,2,4]triazines (6).
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Thus, methods for the synthesis of nitroazolo[5,1-c][1,2,4]triazines and their derivatives
as promising inhibitors of adenosine A2a-receptors were developed.
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Monoterpenoids as Promising Agents for the Treatment
of Parkinson’s Disease

Volcho K.P.}, Ardashov 0.V.}, Pavlova A.V.!, Mahato A.K.? Sidorova Y.A.?,
Morozova E.A.?, Tolstikova T.G.2, and Salakhutdinov N.F.*

1Novosibirsk Institute of Organic Chemistry, 630090, Russia, Novosibirsk, Lavrentjev av., 9
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We previously had showed that monoterpenoid diol 1 alleviates motor manifestations
of Parkinson’s disease (PD) in MPTP rodent models [1]. It was further demonstrated that
administration of diol 1 is effective in all main rodent models of PD based on injection of
neurotoxins or medications causing drug-induced Parkinsonism [2], thus making further
development of this compound highly promising.

In the current work, all four possible monoepoxides were synthesized and their biological
activity in the MPTP mouse model of PD was evaluated. Two of the epoxides demonstrated
promising anti-PD activity, with trans-epoxide 2 been the most active. Note, that we
identified epoxide 2 as a metabolite of diol 1 in the blood and brain of experimental animals.

Epoxide 2 was found to robustly promote the survival of cultured dopamine neurons and
trigger the mitogen-activated protein kinase (MAPK) signaling cascade in cells of neuronal
origin. In the MPTP mice model of PD, compound 2 substantially increased the striatal
dopaminergic fiber density.

Taken together, these data indicate that epoxide 2 can be a promising compound for
further development as a neuroprotective and neurorestorative drug to treat Parkinson’s
disease.
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Anthrafurancarboxamides:
Diversity of Structure and Antitumor Properties

Volodina Y.L.%, Dezhenkova L.G.2, Tikhomirov A.S.? Isagulieva A.K.2, Tatarskiy V.V.%3,
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Derivatives of anthraquinone represent an important class of antitumor agents.
However, doxorubicin, mitoxantrone and other clinical drugs are less effective against
resistant tumors. Optimization of the anthracycline structure allowed us to develop the
furan containing derivatives (anthrafurandiones) with cyclic diamines in the side chain.
New anthrafurancarboxamides demonstrated a high antiproliferative potency against
tumor cells of different species and tissue origin, including the resistant sublines with
P-glycoprotein overexpression or p53 dysfunction. Anthrafurancarboxamides form stable
complexes with double stranded DNA, inhibit topoisomerases 1/2, cause DNA damage, cell
cycle perturbations, and apoptosis. Furthermore, the lead compound LCTA-2034 inhibited
individual protein kinases and demonstrated an antitumor efficacy in vivo. Importantly,
structurally close compounds of this class differed significantly in their biological properties
such as cytotoxicity, intracellular distribution, effects on cell cycle, DNA binding affinity,
topoisomerase inhibition and therapeutic efficacy on transplanted tumor models.
Nevertheless, the ultimate outcome of cell exposure was the same for individual derivatives,
namely, a caspase dependent apoptosis. Thus, versatility of structural modifications
of anthrafurancarboxamides expand their antitumor potential, strongly suggesting a
perspective of this class for an in-depth SAR analysis and design of novel drugs efficient for
resistant tumors.

The study was funded in part by the DST-RFBR in the framework of the scientific project
Ne 17-53-45105 IND_a.
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Derivatives of oximes of 3 - and 4 - benzoylpyridine — a new class of
compounds with anti-epileptic properties

Voronina T.A.}, Litvinova S.A.}, Gmurenko L.A.%, Gaidukov 1.0.!, Mokrov G.V.%,
Gudasheva T.A.%, Durnev A.D.!

IDepartment of Department of psychopharmacology medicinal chemistry, 2
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New derivatives of oximes 3 - and 4-benzoylpyridine were synthesized and evaluated
In Zakusov Research Institute of Pharmacology. The research of the antiepileptic activity of
the original oximes 3 - and 4-benzoylpyridine derivatives was carried out with methods of
assessing motor convulsive manifestations and electroencephalographic (EEG) method to
study the epileptic activity (EpA) in different brain structures. It was found that the original
derivatives of oxymes 3 - and 4-benzoylpyridine have the ability to eliminate seizures in
the maximal electroshock seizure (MES) test and activity of the compounds depends on
the presence of ethylmorpholine or dimethylaminoethyl groups in the structure and is not
determined by the position of the nitrogen atom (3rd or 4th) in the pyridine ring. It is shown
that the compound GIZH-298 (dialkylaminoethyl ether of oxyme 4-benzoylpyridine) has the
highest activity (ED50 = 16.4 mg/kg, MES test), and also has the ability to eliminate audio-
genic convulsions in Krushinsky-Molodkin rats, as well as antihypoxic activity. GIZH-298 has
high therapeutic index (T1=19.3 in the ratio LD50/ED50). In the model of chronic focal co-
balt-induced epilepsy in rats, GIZH-298 reduces both the number and duration of epileptic
discharges. GIZ-298 has the ability to eliminate EEG (EpA discharges) and motor (secondary
generalized tonic-clonic seizures, complex convulsive movements, drumming, etc.) mani-
festations of homocysteine thiolactone-induced epileptic status in rats with cobalt-induced
epilepsy with 100% animal survival. GIZH-298 is superior to valproic acid and topiramate in
activity, affectivity and speed of onset. GIZH-298 electrophysiological mechanism of action
at the stage of formation of the epileptic system is determined by its influence on the pri-
mary foci of EpA in the ipsilateral cortex and hypothalamus, and at the stage of the epileptic
system stabilization — influenced by generating of EpA in the secondary dominant foci in the
contralateral cortex and hypothalamus.
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Blockade of 5-HT,, receptors as a strategy for the development
of new antimigraine drugs

Yakovlev D.'?, Spasov A. 12, Agatsarskaya I.>?, Sultanova K., Kornilov V.t,
Morkovnik A.3, Zhukovskaya 0.3, Anisimova V.3

1Department for Pharmacology and Bioinformatics, Volgograd State Medical University,
400131, Russia, Volgograd, Pavshikh Bortsov Sq, 1
2 Laboratory of Experimental pharmacology, Volgograd Medical Research Center,
400131, Russia, Volgograd, Pavshikh Bortsov Sq, 1
3 Research Institute of Physical and Organic Chemistry, Southern Federal University,
344090, Russia, Rostov-on-Don, Stachka Ave, 194/2

A modern approach to the development of new drugs for the migraine treatment is
the reduction of excessive serotonergic impulses by 5-HT2A receptor antagonists, which
improves cerebral circulation at an early stage of attack by inhibition the effects of serotonin
[1].

The number of highly active compounds were identified using a target-oriented
approach to search for new 5-HT,, receptor antagonists among indole and benzimidazole
bioisosteres (synthesis: Southern Federal University, Lomonosov Moscow State University).
The structure-activity dependence was investigated using productive screening, transfected
cell technologies, in-vitro pharmacological analysis methods and in vivo methods [2].

Key molecular scaffold responsible for the presence of high 5-HT2A-antagonistic action

was identified:
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Pharmacological and pharmaceutical development of a new in the class drug for
migraine treatment have been carried out based on the most active compound of 9-
(2-diethylaminoethyl) -2- (4-methoxyphenyl) imidazo [1,2-a] benzimidazole dihydrochloride
[3], the full cycle of preclinical studies, justifying the expediency of conducting clinical trials
is finishing.
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New TDP1 DNA Repair Enzyme Inhibitors Increasing Temozolomide
Efficacy against Glioblastoma Multiforme

Yarovaya 0.'?, Kovaleva K.?, Oleshko 0.2, Cheresiz C.%*, Mamontova E.3,
Zaharenko A.3, Zaharova 0.3, Pokrovsky A.?% Lavrik 0.3, Salakhutdinov N.*?

IN.N.Vorozhtsov Novosibirsk Institute of Organic chemistry SB RAS
630090, Russia, Novosibirsk, Lavrent’ev av., 9
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3Novosibirsk Institute of Chemical Biology and Fundamental Medicine, SB RAS,
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Chemotherapeutic DNA damaging agents are used as an adjuvant therapy for
glioblastoma. However, in some patients the use of adjuvant chemotherapy does not
achieve the desired effect, significantly increases the cost of treatment and is complicated by
significant toxicity. A scarce number of chemotherapeutic agents is used for the treatment
of glioblastoma, which creates significant difficulties for the development of individual
treatment regimens in the struggle for the patient’s life.

Wesynthesizedalibraryof compoundsbasedontricyclicterpenoid dehydroabiethylamine.
As a result of the screening, the obtained ureas, thioureas and heterocyclic derivatives were
shown to inhibit the enzyme tyrosyl DNA phosphodiesterase 1 (TDP1) in concentrations of
0.09-3.7 uM.
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The most effective TDP1 inhibitors were shown to have no cytotoxic effect against a
number of tumor cell lines. It was established that the leader compound 3 sensitizes
glioblastoma cells (U87MG, SNB-19) to the action of the anticancer drug temozolomide
(TMZ).
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Structural manipulations with lipophilic moieties
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In the process of drug design it is often required to vary the lipophilic moieties in the
designed structure. This modification can both provide additional hydrophobic interactions
with molecular target and improve pharmacokinetic or pharmacodynamic parameters of
the compound (modify its aqueous solubility or make it able to cross blood brain barrier
etc.). In this report we present two examples of variations of lipophilic moieties recently
fulfilled in our investigations in drug design.

The first type of the works was aimed to the synthesis of inhibitors of nitric oxide synthase
(mostly inducible and endothelial isoforms) with prolonged vasoconstrictive activity. For the
prolongation of action it was proposed to apply an isosteric replacement of monocycle in
the lead compounds (thiourea derivatives) with either annelated bicyclic core or bridged or
cage moiety. The target compounds were synthesized and two compounds were found to
cause pronounced and prolonged vasoconstrictive effect in vivo.

In the second type of works we designed and synthesized a series of unusual analogues
of well-known tubulin targeted compounds combretastatin A-4 and 2-methoxyestradiol
bearing lipophilic adamantane moiety. The compounds were moderately cytotoxic to
cancer cells, caused apoptosis of these cells and stimulated full depolymerization of their
microtubules. These compounds represent novel structurally unusual type of the ligands of
colchicine binding site in tubulin.

The works were supported by Russian Scientific Fund (project 19-13-00084) and Russian
Fund of the Fundamental Research (project 18-03-00524)
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Experimental basis for the introduction of drugs
that acting via P2 receptors
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420012, Kazan, 49 Butlerova Street
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Kazan Federal University, 420008, Kazan, 18 Kremlevskaya Street

It is known that under physiological conditions the role of P2 receptors, the main
mediators of which is ATP, is not dominant in most cases, they only complement or modulate
the action of other neurotransmitters. However, in pathological conditions, the role of P2
receptors increases dramatically and often takes a leading position in the pathogenesis of a
particular disease. This opens up prospects for the creation of new drugs acting through the
involvement of P2 receptors [1]. Studies in recent decades show the real possibility of using
P2 receptor agonists and antagonists in clinical practice. One of the significant achievements
of pharmacology in recent decades has been the introduction into clinical practice
antagonists of platelet P2Y , receptors (ticlopidine, clopidogrel) as effective antiplatelet
agents that are widely used for the prevention of thrombotic processes in the cardiovascular
system. Another direction in the clinical use of drugs acting through P2 receptors was the
introduction of the P2Y, receptor agonist diquafosol, which is currently approved for use in
Japan in the treatment of dry eye syndrome as an inducer of the production of intraocular
fluid and mucin. Various other P2 receptor agonists and antagonists are currently undergoing
different stages of preclinical and clinical trials. The great diversity and wide representation
of P2 receptors make them very attractive as potential targets for the action of new drugs,
so research in this area is certainly relevant. Obviously, due to the growing interest in this
area of many pharmaceutical companies, in the near future we can expect the emergence
of new drugs that are P2 receptor agonists or antagonists that will be effective in treating
various human diseases.

Carried out with the financial support of the Russian Foundation for Basic Research and the
Government of the Republic of Tatarstan within the framework of the project
No. 18-44-160009
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PASE-methodologies for obtaining drug candidates
of aza-heterocyclic series
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Compounds, containing (aza)aromatic scaffolds are well known as synthetic and natural
drug candidates as well as chemosensors, ligands and fluorophores for various purpoces. In
addition to traditional routes to synthesize the above mentioned compounds the so-called
PASE (Pot, step, atom economic)-based/green approaches are of growing popularity.

In this report the most recent results in these area obtained by us will be reported.
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HoBbili neKapcTBeHHbIN NpenapaT «AprnabuH» B OHKONOTUN.
dapmakonormyeckme U KIMHUYECKUE UCCNe[0BaHUA.

ApekeHos C.M.

AO «Mex0yHapoOHbIl Hay4HO-NPOoU3800CcM8BeHHbIl X010uH2 « PUMOXUMUS»,
100009, Pecnybnuka KasaxcmaH, 2. KapazaHda

BBeaeHue. B HacTosllee BpeMA BHUMaHWe UCCNefoBaTeNei NpuUBAEKatoT CECKBUTEP-
NEeHOBble NAKTOHbI, KaK MNEepCrneKTUBHblIE WUCTOYHUKWU MPUPOLHBIX MPOTUBOOMYXONEBbIX
cpeacts. OgHUM M3 TaKMX NPUPOAHBIX COEAMHEHWUN ABAAETCA CECKBUTEPMNEHOBBIN Y-NaKTOH
aprnabuvH, BblaeneHHbIM 13 Artemisia glabella Kar et Kir. Ha ocHoBe ruapoxnopuaa gume-
TUNaMMUHOAprIabuHa paspaboTaH OpUTrMHaNbHbLIM NPOTUBOONYXONEBLIV NpenapaT «Apria-
6uH». Mpenapat «AprnabuH» nlyyanca B HauMoHaAbHOM MeAMLMHCKOM UcCcnefoBaTeb-
CKOM ueHTpe umeHun H.H. bnoxmHa (r.MockBa, Poccusa), kKnnHuke MD Anderson, KomnaHum
NuOncology Labs Inc. (r.XbtoctoH, CLUA), Leonardis Klinik (r.baa-XannbbpyH, lepmanus),
HaunoHanbHOM LieHTpe oHKosiorum Pecnybavku Mpysusa (r.Téunmcm), HaunmoHanbHOM LieH-
Tpe oHKonormu KblprbiscTaHa ( r.BUWKeK) 1 BO BCeX OHKOMOMMYECKUX KAMHUKax Pecny-
611K KasaxcTaH npu Ie4eHUn paka neyeHu, NUWEeBOAa ANYHUKOB, LUEMKU MATKU, TIETKUX
M MOJIOYHOM }Kefe3bl Kak B MOHOTEPANUM, TaK U B COYETAaHUM C APYTUMU XMMUOTEPaNeBTU-
YeCKMMM cpeacTBaMM U NyyeBon Tepanueid. NMpenapat «ApriabuH» nccaefoBaH B KIMHUKeE
Ha 6onee 3000 oHKOMOrMYECKUX BOJIbHBIX, MPW 3TOM MONOXKUTENbHbIN 3 dEKT cocTaBaAeT
76 % no wkane KapHOBCKOTO. BbifABNEHO, YTO AaHHbIW NpenapaTt ABAAETCA KOHKYPEHTHbIM
MHIMbuTOopOoM ¢apHesnmnmpoBaHMAa RAS-OHKOOENIKOB, CHUKAET aKcnpeccuto RAS-reHoOB u
coaepxaHue ATO, BbI3biBas arnonTo3 OMNyxo/eBbiX KNETOK. B A03e, akBuBaneHTHo 500 mr/
M2 He B/IMSIET Ha NepudepuYecKyro KpoBb, YTO CBUAETENLCTBYET O €ro HU3KOM TOKCUYHOCTU
Mo OTHOLIEHMUIO K OpraHam KpoBeTBOpeHUA. [loKazaHO ero MMMyHomMoayaupytolee aen-
CTBME, 3aBMCMMOE OT A03bl NpenapaTta, MNpoABAAOLWEeeca NPEeMMyLLECTBEHHbIM BAUAHUEM
Ha T-KNeTo4YHOoe 3BEHO MMMYHUTETA U CMOCOBHOCTL  KOPPEKTUPOBATb MMMYHOAENPECCUB-
HbIN 3O EKT LMTOCTATUKOB.

Lienb uccnepgosaHua. ddPeKkTnBHOCTb Npenapata «AprnabuH» Npu pasinUYHbIX KAUHU-
YeCKMX UCCefoBaHUAX.

Martepuanbl U meToapbl. KavHMYeckue UcnbITaHWA npenapata «ApriabuH» npu mect-
HO-PacnpPOCTPaHEHHOM PaKe MOJIOYHOW Kenesbl, MePBUYHOM pPaKe NeyeHu, pake Welku
MaTKM.

Pesynbratbl. [lpmeHeHne npenapaTa «AprnabuH» BHYTPMBEHHO B Ao3e 10 mr/ Kr nuam
370 mr/m? npn KOMBMHaLMK C ly4eBO Tepanuen NPUBOAUT K CHUMEHUIO KoadpdurumeHTa
nMnonepokcuaaumm nepes onepaumeit 8 1,5 pasa, CHUKaeT NPOLEHT NOCTY4eBOro anu-
AepMuTa B 2 pasa, YMC/I0 NOCeonepaLMoHHbIX OCIOXKHEHWI B 4,5 pa3a HUXKe No cpaBHe-
HWIO C TONIbKO /ly4eBOM Tepanueli, NoBblLaeT 2-X 1 3-NEeTHIO KYMYNATUBHYIO BbIXKU-
BaemocTb Ha 30%.

MpumeHeHWe npenapata «AprnabuH» y 60/bHbIX MEPBUYHBIM PAKOM MEYEHN B MO-
Hopexume B fose 185 mr/m? n B KOM6MHaLUMKM C 5-GpTOPYpPaLMIOM Bbi3blBAET 4OCTOBEPHO
MeHbLUEe YNCI0 OCNOKHEHMUIM MO CPABHEHWUIO CO CTaHAAPTHOM CXEMOM C BK/IOYEHUEM LMC-
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nnatuHa u 5-gTopypaumna. MoHoTepanua npenapatom «ApraabuH» NpPUBOAUT K PasBu-
U0 NevebHoro natomopdo3sa renaToueNNONAPHON KapLUUHOMbI NeYeHu, Bbi3biBasA rmbens
OnyXoneBblX KAETOK MyTeM anonTo3a 1 napunanbHOro HeKpo3a.

MpenapaT «AprnabuH» obnagaeTt xummoceHcMbunmsmpytowen cnocobHocToto. Mpwu ero
npumeHeHnn B go3ax 10 mr/kr v 15 mMr/Kr 8 KOMBUHALMM C XMMHOTEepanuen y uHkypabenb-
HbIX 1 0cNabneHHbIX 60NbHbBIX NPU BblPaXKeHHOM MPOrpeccMpoBaHMM NpoLecca U yCTonun-
BOCTM K CTAHAAPTHON XMMMUOTEPANUM NOAYYEH NONOKUTENbHBIV 3OPEKT B 44%.

Pagnomogmounumpytowmii sbdekt npenapaTta «ApraabuH» noaTeep:aeH y 60n1bHbIX
pPaKoOM LWeKM MATKU, PaKOM C/IM3UCTOW MONOCTU pTa NpPW BBEAEHWUW npernapaTa BHYTPU-
BEHHO KanesibHo Ha 200 ma ¢pu3Moa0rMyYeckoro pacteopa 13 pacyerta 370 mr/m2,

3aknioueHue. Taknum obpasom, npenapaT «AprnabuH» B gose 10 mr/ Kr uam 370 mr/m?
B Hanbosiee YaCToO NPUMEHAEMBIX CXEMAX NOIUXMMMOTEPANMM NOBLIWAIOT 3GPEKTUBHOCTD
neyeHua. Ero ncnonb3osaHne B KOMBUHALMKM C XMMUONpenapaTamm WA y4eBon Tepanu-
e B nogasnatolem 60NbLUIMHCTBE C/lyYaeB NPUBOAUT K cTabunmsaumm npouecca, yay4dwaet
MOKa3aTenu BbIXKMBAEMOCTM U KaYecTBa *KMU3HU OHKOOO/bHbIX.
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O NPOBJIEME BBEOEHUA PAOUODTOPA B KATEXO/TAMWUHDI
Bauaase C.3., Bacunbes E.B., EpemuHa O.E., Becenosa U.A.

MockoscKul 2ocydapcmeeHHsil yHusepcumem umeHu M.B./TomoHocosa,
xumuyeckul gpakysemem
119991, Poccutickas ®edepauus, e. Mocksa, yn. /leHuHckue opel, 0. 1, cmp. 3

B nmatoreHese MHOIMMX COLManAbHO 3HAYMMbIX 3a60/1€BaHUI — HENMpPOAEreHepaTUBHbIX
OEMEHUMI U HEMPOIHAOKPMHHBIX OMYX0Aen — NEXUT NPOLEeCcC HapyLWeHUs HerMpomeama-
TOpHOro obmeHa. M3 Bcex cylwecTByoWmMX HeMpoBM3yaan3aLMOHHbIX METOAOB AMAarHOCTU-
KM nepeyncineHHblx 3aboseBaHunii Hambonee coBepleHHbIM U MHPOPMATUBHbIM ABAAETCA
NO3UTPOHHO-3MUCCUOHHasA Tomorpadus (M3T). NMpumeHnmocTb MNIT B 3HaUUTENIbHOM CTene-
HUW onpeaenseTca apceHa oM AOCTYMHbIX MeYEHbIX COeaNHEHUI — pagmodapmnpenapaTos
(P®N), npegBapuTeIbHO BBOANMBIX B OPraHn3m YesioBeka. B Hawem o63ope [1], cozgaHHOM
npu nogaepxKe rpaHta PH®, cobpaHbl U cucTemaTM3mMpoBaHbl CBEAEHUS O COBPEMEHHOM
COCTOSIHUW Aen No npumeHeHuto POT rpynnbl KaTeXo/1laMMUHOB, NO3BOIAOLWMX 0O bEKTUBHO
OLLeHMBaTb COCTOAHWE CMMMNATUYECKON U LEHTPAsIbHON HEPBHbIX CUCTEM, B KAMHUYECKOM
NpPaKTUKe, MeToAax UX CMHTE3a M CYLLEeCTBYOLWMX Npobiemax.

PG =Alk, HCO, R'CO
PG'=R2CO
R = H, COOH, COOR3

H SeAr H SyAr H
PG/O N\PG' PG’O N‘PG' PG’O N\PG'
PG, R — ra R — pg R
0 X 0 i8F "0 LG
X = H, SnR% / Cu/Pd cat
0 N
R M = SnR%; B(OR®

B noKnage obcyKaaoTea umetowwmecs B 061acTv nonyYeHns medyeHblx ¥F katexonamu-
HOB Npobiembl M MeToabl UX peleHuns (Cxema). Ha faHHOM 3Tane pa3BUTUA METOL0B U Me-
TOAMK NOJIyYEHMSA MEUYEHbIX KaTeX0aMUHOB Hanbonee nNepcnekTUBHLIMU ABAAETCA METOZ,
aCMMMETPUYECKOTO aNIKMIMPOBAHMA C UCMO/b30BaHNEM XMPAbHBIX MeXK(ba3HbIX KaTaan3a-
TOPOB 1 MeAb-KaTanusnpyemoe ¢pToprpoBaHme GOPOHOBBIX 3GUPOB.

MoppobHo obcyKaatoTcs MeToabl HYKNeoduAbHOro BBeaeHMA GTopa B HEAKTUBUPOBAH-
Hble apomaTuyeckme cybCcTpaThl, Takue Kak deHonbl U 3dupbl GeHoNoB.

LG =F, *IAr, 10, I=R% NO,,
Ni + [O], Pd + [O]

Cnucok aumepamypeol
Bauapge C.3., EpemuHa O.E., Becenosa U.A., Kaambikos C.H., HeHailgeHko B.T. Ycnexu xumuu, 2018,
87, 350-373. https://doi.org/10.1070/RCR4752

Paboma evinosnHeHa npu ¢puHaHcosol noddepicke PHO (epaHm Ne 16-13-00114).


https://doi.org/10.1070/RCR4752

142 MedChem Russia 2019

[OVHaMKUKa U IUraHg-MHAYLUPOBaHHbIE U3MEHEHUA CTPYKTYPbI
N-KoHUeBoOro gomeHa 6enka-oHkoreHa Mdm2

lypees M.A.'?, Tpubynosuu B.I.1, apabaaxxuy A.B.*

Ylabopamopus «MonekynapHaa @apmakonoaus», CII6I'TU(TY),
190013, Poccus, CaHkm-lemepbype, Mockosckuli np, 26.
2 Jlabopamopus 6UOUHGPOPMAMUKU UHCMUMYMA MPAHCAAYUOHHOU MeOUUUHBbI
u buomexHonoauu, MMIMY um. .M. CeyeHosa, 119991, Poccus, Mocksa, Tpybeukas yn. 8.

B xone Au3aiiHa MHIIMbuTopos b6enka-oHkoreHa Mdm2, npoBeféH aHaNM3 CTPYKTYP U3
6a3bl PDB, nosiy4yeHHbIX 3KCNepuMMeHTanbHbIM NyTém (AMP-cneKkTpockonus U peHTreHo-
CTPYKTYPHbIN aHanu3). YcTaHOBAEHO ABe rpynnbl CTPYKTYP: C pa3pelléHHbiM N-KOHLEBbIM
yyactkom (Met1-GIn18) Mdm2 n 6e3 Hero. MpuumMHa — BbICOKAA NMOABUMKHOCTb AOMEHA,
3aTpyaHAoWwan aHaams metogom PCA[1]. U3 nntepaTypHbIX MCTOYHUKOB YCTAaHOB/IEHO, UYTO
ons 6enka Mdm2 xapaKTepHO CyL,ecTBOBaHME KOTKPbITOM» U «3aKpbITol» GopMm, 3aBUCA-
LMX OT AMHAMMKK neTiv Met1-GIn18 N-KoHueBOro gomeHa u inraHaa B p53-cBaA3blBatoLWei
nonoctu(2]. B xoae uccnefoBaHU NpoBefAeHbl PacyéTbl MOMEKYAAPHON MeTaaAuHAMUKU
cBobogHoro Mdmz2, paga KOMNNEKCOB € aKTya/lbHbIMU U MaNIOaKTUBHbIMW MHIMBUTOpamu.
B KayecTBe KOHTPO/IbHbIX MAapPamMeTPOB ANUHAMMUKN UCMONb30BaHbl BEIMUYNHBI MEKAOMEH-
HOrO yrna u PaccToAHUA 40 aKTUBHOM nonoct Mdmz2. AHanu3 TpPaeKTopuiA Nokasasn, 4To
ONA aKTUBHbIX CTPYKTYP XapaKTepPHO CMeLLeHNE PaBHOBECUA B CTOPOHY «3aKpbITol» dop-
Mbl, YTO COBMaZaeT C MMHMMYMOM cBoboaHoW sHeprum AG. Mpoduab cBoboaHOMN 3HEpPrUn
6e3nunraHgHoro Mdm2 aeMoHCTpUpYeT paBHoBeCKE MeXAy KoHpopmaLmamu, B npesenax
NIOKaNbHbIX MUHUMYMOB AG. ManoaKTUBHbIE CTPYKTYPbl — HAaNpPOTUB CTUMYAMPYIOT popmu-
poBaHMe «OTKPbITOM» KOHbopmaumn. InHaMmnKa nuraHa-6enKoBbIX KOHTAaKTOB BO Bpeme-
HW yKa3blBaeT Hannune rmapodobHbIX KOHTAKTOB € N-KOHLEBbIM AOMEHOM (B Y4aCTHOCTM
¢ Pro9). JaHHOe ABNEHWME XapaKTEPHO TONbKO ANA aKTUBHbIX Monekyn. [na sanvaauuu
AaHHOM MOAEeNn NPOBEeAEH pPAL CUMYNALMIN C TOYEUYHbIMU MyTaumaMM Benka, a TakKe Mo-
ANOUUMPOBaAHHbBIX BapUaHTOB MHIM6MTOpoB Mdm2, NnoATBEPKAAOLWMX FTMNOTE3Y O M'MAPO-
$OOHOM KOHTAKTE UCKAKYUTENbHO aKTUBHbIX IMFaHAOB € y4acTKkom Met1-GIn18 N-KoHue-
BOTO AOMEHA, YTO NO3BOJIUT YTOUHUTb CTPATErnI0 AM3aHa MHIMBUTOpPOB Benka-OHKoreHa
Mdm2. PaboTa BbINoAHEHa Npu noaaeprKKe rpaHTa PH® 16-13-10358

Jlumepamypa

1. Drugging the p53 pathway: understanding the route to clinical efficacy / Khoo K. H., Verma C. S.,
Lane D. P. // Nature reviews. Drug discovery. — 2014. — Vol. 13, Ne 3. — P. 217-236.

2. Simulating molecular mechanisms of the MDM2-mediated regulatory interactions: a
conformational selection model of the MDM2 lid dynamics / Verkhivker G. M. // PloS one. —2012. —
Vol. 7, Ne 7. — P. e40897.
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TexHoNOrMA «KMONEKYNAPHOTO NOPTPETa» B KOHCTPYUPOBAHUMU
6MONOrMYEecKU aKTUBHDbIX COEAUHEHUI

Edpemos P.I.12

IMBX PAH, 117997, Poccusa, Mocksa, yn. Muknyxo-Maknas, 0. 16/10
2HWY BLLI3, 101000, Poccusa, Mocksa, yn. MacHuukas, 0. 20

[eTanbHblli aHAaNN3 CBOMCTB MONEKYNAPHbLIX MOBEPXHOCTEN UrpaeT BaKHY Po/b B
npoLueccax pacno3HaBaHWs, B3aMMOLENCTBUA U Nepesayn CUrHaAoB B BUMOMONERYNAPHBIX
cuctemax. TeXHONMOMMA «MOJIEKYNAPHOro NopTpeTa» npeacTtasaseT coboi coBpeMeHHbIN
NoOAXOA, K pacyeTy U 3-MepHOM BU3yanusaumm pasanyHbix GU3MKO-XMMUYECKUX XapaKTepu-
CTUK MOBEPXHOCTU BUomoneKkyn. dpdeKTMBHOE UCNONb30BaHWE TaKMX NOAXOA0B TpebyeT
CO34aHUA cneuynanbHbIX METO40B KOMMbIOTEPHOW 06paboTKKM, aHaNM3a U NpeacTaBieHus
«MONERYNAPHBIX NOPTPETOB». B HacToAwel paboTe oNnUcaHO NPUMEHEHUWE yKa3aHHbIX Me-
TozoB B pabote ¢ 6enkamu, membpaHamu 1 UX Komnaekcamu. MokasaHo, YTo B pesy/bTaTe
YA,AEeTCA NOBLICUTL TOYHOCTb PELIeHUA 33434 MOIEKYIAPHOTO OKMHra benok-amnraHg [1] u
6enok-6enok [2]. Kpome Toro, npeasiorKeH opurMHaibHbI MeToa «beKkoBoi Tonorpapumn»
(MBT) [3], KOoTOpbIl NO3BOAAET HAMMAAHO NPEACTaBUTb MOJIHYH MOBEPXHOCTb MOJIEKYbI
6enka B BUAE ABYMEPHbIX KapT. MBT npuMmeHseTcs TakKe ANA BbIABAEHUA KOHpopMaLu-
OHHbIX MU3MEHEHWUI MeXKAY Pas3/IMYHbIMU COCTOAHUAMMU MONEKY/, ANA NPOBeAeHWUs cpas-
HUTE/NIbHOTO aHa/iM3a rPynn 6MO0OBHEKTOB, HAXOKAEHWUA B HUX OOLWMX U cneumpuyeckux
XapaKTepUCTMK. MeToabl K MONEKYNAPHOrO NOPTPETa» B 3HAYMTENbHOW CTENEHU LOMNONHA-
IOT COBPEMEHHbIE TEXHONOTUU AO0KUHIA, HArMALHO WAMOCTPUPYHOT KOMMAEMEHTAaPHOCTb
CBOWCTB NOBEPXHOCTEN MraHaa u benka-peuentopa. Micnonb3oBaHne NogobHbIX TEXHONO-
TMA COBMECTHO C 3KCMEPUMEHTA/IbHbIMU U HE3aBUCMMbBIMU BbIYUCAUTENBHBIMU METOAAMM
CO343€eT HaZleXKHYI0 OCHOBY ANA PALMOHANbHOTO KOHCTPYMPOBAHUA HOBbIX BMOMOTUYECKN
aKTUBHbIX COeANHEHUN C 3aaHHbIMK CBOMCTBaMM [4].

Paboma evinonHeHa npu nodoepxcke PH® (epanm 18-14-00375), PO®dU (19-04-00350), e
pamkax [poepammel pyHOaMeHManbHoix uccaedosaHuli HAY BLL3 u ¢ ucnons3zosaHuem
cpedcme cybcuduu 8 pamkax eocydapcmeeHHol No0oepxcKu sedywux yHusepcumemos P®
«5-100».

Jlumepamypa

[1]. T. Pyrkov, A.Chugunov, N.Krylov, D.Nolde, R.Efremov,Bioinformatics.2009,25, 1201-1202.

[2]. A. Polyansky, A. Chugunov, P. Volynsky, N. Krylov, D. Nolde, R. Efremov, Bioinformatics.2014,30,
889-890.

[3]. A. Koromyslova, A. Chugunov, R. Efremoyv, J. Chem. Inf. Mod.2014,54, 1189-1199.

[4]. I. Kasheverov, A. Chugunov, D. Kudryavtsey, I. lvanov, M. Zhmak, I. Shelukhina, E. Spirova, V.
Tabakmakher, E. Zelepuga, R. Efremov, V. Tsetlin,Scientific Reports.2016, 6, 36848.
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HeoaHTUreHbl B MMMYHOTEpPanuu paka
Kocopykos B.C., bapbiwHukosa M.A.

&rby «HMUL] oHKkonoauu um. H.H. baoxuHa» MuH3dpasa Poccuu,
Mockea, Kawupckoe w., 24

JloCTaToOYHO YacTo pasBWMTME OMyXOJEBOrO MPOLEecca CONPOBOMAAETCA HapacTaHUEM
KO/IMYECTBA Pa3/IMYHbIX FreHETUYECKUX MyTaLMii B PAKOBbIX KNeTKax. KneTtku B npouecce
Pa3BUTMA OMYXO/IM HAKaMIMBAOT MHOTO MYTaLMIA COMAaTUYECKUX TEHOB, KaK NpaBuo, He
MMEIOLLIMX NPAMOro BO3AeNCTBUA Ha OMyXoaeBbli npouecc. B pesynbrate Takux reHeTnye-
CKMX MyTauMii B OMyXO/EeBbIX KAeTKax 06pasyroTca aHTUreHbl, cneuuduyHble TONbKO ANn
K/JIETOK OMYyXOAWN U OTCYTCTBYIOWME B HOPMaJIbHbIX TKaHAX. OHU NOAYYMIM Ha3BaHME «He-
OaHTUreHbI». TakMe HeoaHTUreHbl MOryT 6biTb BbICOKO MMMYHOTEHHbIMM U paccmaTpuBa-
lOTCA B KAauecTBe MOJIeKyN-MULLIEHEN, BO34ECTBME Ha KOTOPbIE MOXKET NMPUBECTU K OTTOp-
JKEeHUIo onyxonu. B ceoe Bpems Bbi10 0BHAPYKEHO, YTO Y PALAA OHKONOTMYECKUX BONbHbIX
C OMYXONAMM, OT/IMYAIOLLMMUCS BbICOKOM reHETUYECKON HecTabuNbHOCTbIO, MPU leYeHUn
C MOMOLLbIO aJONTUBHOM MMMYHOTEPANUUN PAa3BMUBAJICA CUNbHBIN T-KNETOYHbIN MMMYHHbI
OTBET MPOTUB HEOAHTUTEHOB. 3T MyTaLMM BblIM B BONBLUMHCTBE C/Ty4aeB YHUKaNbHbI AA
KayKZLOro KOHKpeTHOoro nauueHTa. C nosbiweHnem focTynHocT NGScekBeHMpoBaHUA ANs
AeTeKUMM Bcex MyTauuii B ONMyXoasaX U NOsSBAEHMEM CMEeLManM3npoBaHHbIX BUoMHPopMa-
LMOHHbIX aIfOPUTMOB CTasI0 BO3MOMHbIM MCNONb30BaHWe peHOMEHA HEOAHTUIEHOB B Te-
panuu onyxosen ¢ nocneayrowel akTMBaLMein UMMYHHOTO OTBETa.

B coBpeMeHHOM NOHMMaHMU NPobBaeMbl HEOAHTUMEHbIABAAIOTCA NEePCNeKTUBHbIMU MU-
WEeHAMM ANS NePCOHANN3MPOBaAHHbIX MPOTUBOOMYXOEBbIX BAKLMH, NO3BONAOLWMX LieseHa-
NPaBNEHHO KOHTPO/IMPOBATb OMYX0/b, He 3a4eBast HOPMasibHble TKaHU. MOKa Ha CerogHALL-
HWIA eHbHEeA0CTaTOUYHO KAMHUYECKMX UCMbITaHWI A1 TOro, YTobbl caenaTb 06 beKTUBHbIV
BbIBOA, 06 UX 3G PEKTUBHOCTH, HO PabOTbl aKTUBHO BEAYTCA KaK 3a pyberkom, Tak 1 B Poccum.
MpoBeAeHHble pPasHbIMK TPyNNaMy UCCIeA0BaHUAVMEIOT MHOTO OBLLMX YepT, NOATBEpPK-
Aas, uyTo ANs 3GHEKTUBHOIO KOHTPO/IA OMYXOIM OAHOTO METOAA TEPANUM HEOAHTUTEHHbIMM
nentTaHbIMU UM PHK-BakUMHaMKU HepocTaTouHO. Mcnonb3oBaHWe B MPOTUBOOMYXOEBbIX
HEOAHTUIeHHbIX BaKLUMHAX MMMYHOCTUMYVPYIOWMX UM UMMYHOMOALYNMPYIOLWMX afbHo-
BAHTOB, KOTOPble MPEOA0/1eBAOTTONEPAHTHOCTL OMYX0/EBOTO MUKPOOKPYXKEHUSA U BbI3bl-
BAlOT MOLLHbIN MPOTUBOOMNYXO/EBbLIA UMMYHHbI/ OTBET,MOXKET 0b6ecneynTb 3IPPEeKTUBHOCTb
BaKUMHOTepanuu. Takke TPebyOT NPOACHEHUSA M ONTMMM3ALMKN NPAKTUYECKME BOMPOChHI
NPOW3BOACTBA U NPUMEHEHUSA MEePCOHANM3NPOBAHHbIX BaKLMH CO CTOPOHbI PEry/IMpPYoLLmX
HOPMAaTUBHBIX AaKTOB.
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CuHTe3 n papmakonormyeckme cBoiCTBa HOBOro
AHTUTPOMGBOTUUECKOrO NEKAPCTBEHHOrO CPeacTBa

JNleoHos K.A.' BuweHkosa [.A.%, bakubaes A.A.2

1000 «MHHOoBAUUOHHbIE hapmaKronozudeckue paspabomku» (000 «Ugap»),
634021, Poccus, ToMcK, yn. Enuzapossix 79/4
2 OIAOY BO HayuoHanbHbIl uccnedosamesnsckull
Tomckuli nonumexHuyeckul yHusepcumem, 634050, Poccus, Tomck, npocnekm JleHuHa, 30
3 ®rAOY BO HayuoHanbHbIl uccnedosamernsekull
TomcKuli eocydapcmaeHHsll yHusepcumem, 634050, Poccus, ToMcK, npocnekm JleHuHa, 36

MpUYMHOM OCTPOro KOPOHAPHONO CUMHAPOMA, MHGMAPKTA MMOKapAa U ULLEMUYECKOTro
MHCY/bTa Yallle BCEro C/AYKMUT aTepOCKAepOo3, Pa3BUBAMOLLMINCA BCNeACTBME MOBbILEHMUA
arperaunoHHOM akTMBHOCTU TPOMBOLMTOB. BBUAY BbICOKON CMEPTHOCTU U MHBAINAM3ALNN
OT CepAeYHO-COCYANCTbIX 3ab0neBaHNN aKTyasieH NMOUCK HOBbIX CPeACTB NPOPUNAKTUKM U
NleyeHunsa TpomboobpasoBaHus.

Ons peweHns o6o03HayYeHHOW Npobaembl HaMW NpegnaraeTca MHHOBALMOHHbBIN UHIK-
6uTOp arperaunmn TPOMOOLMTOB, CO34aHHbIV Ha OCHOBE HOBOW MOJIEKY/Ibl — MPOU3BOAHOIO
WHAONMHOHA (KogoBoe HaumeHoBaHMe — GRS).

0
e
0
N j/ CH,OH
H
N
/
c

Hj
PucyHok 1 — CmpykmypHas ¢opmyna GRS

PaspabaTtbiBaemMblii aHTUArPEraHT C HOBbIM MEXaHM3MOM AENCTBUSA —3K30reHHbI LOHOP
OKcuAaasoTa, 061aaaeT aHTUIMNEePTEH3UBHbBIMW M KapaMOoNpoOTEKTOPHbIMKM CBOMCTBAMM. Ho-
BOECOeaMHEeHMEeNoNy4eHoNoCAe0BaTE/IbHOCTbIOC/IeAY WX NPEBPALLEHUI: KOHAEHCALMA
N-aueTUANHAOKCMIA C STOKCUMETUNEHMANIOHOHUTPUIOM; 06paboTKa NPOAYKTa YKCYCHbIM
aHrMAPUAOM; B3anmoaeincTemne ¢ 3-(MeTnnamuHo)-1,2-nponaHanonom; gesaueTmanposa-
HMe B MepPBOM MOJIOKEHUN UHA0bHOTO GparmeHTa.

B pamkax 00KnuHUYecKUx ucneimarull papmayesmuyeckol cybcmaHyuu u 20mogsix se-
KapcmeeHHbIX hopm Ha ee ocHose paspabomaHsi Memodsl KOHMPOsA KaYyecmad, nposede-
Hbl UCCnedo8aHUSA cneyuguyeckol akmusHocmu, ocmpol U XpOHUYeCcKol moKcu4yHocmu,
3IMBPUOMOKCUYHOCMU U MymaeeHHOCMU, penpodyKmusHol MmoKCUYHOCMU U UMMYHOMOK-
CUYHOCMU, (hAPMAKOKUHEMUKU Npu passaudHbix 003ax U Nymsax 88e0eHUs, IKCKpeuuu u
pacnpedesneHus No 0peaHam.
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Nonu(asaretepo)umnknnyeckme aHcambam Kak payopecueHTHble
XeMOCEHCOpbI U 30HAbI ANA 6M0AKTUBHbIX 06BEKTOB

TaHua 0.C."?, Konuyk A.C.»2, Kosanes W.C.%, 3bipaHos I.B.%2

1 Ypansckuli @edepansHsili YHUBepcumem
um. nepeoeo lpe3udeHma Poccuu b. H. EnbyuHa,
620002, Poccus, e. EkamepuHbype, yn. Mupa, 19;
2 MIHcmumym opeaHuYyecko2o cuHmesa um. M. A. lMocmoeckozo, YpO PAH,
620990, Poccus, 2. EkamepuHbype, yn. C. Kosanesckoli/Akademuueckas 20/22.

dnyopecueHTHbI MeToa, aHann3a OCTaeTcA OAHOW M3 AUMHAMWYHO Pa3BMBaOLLMXCA
obnacteil ceHCopHbIX TexHonoruit [1]. bnarogapsa BbICOKOMY YPOBHIO YyBCTBUTENLHOCTH,
6bICTPOMY BPeMEHMU OTKAMKA, CMOCOBHOCTU UCNOMb30BaHNA BO BPEMEHHOM WM MPOCTPaH-
CTBEHHOM in Vivo n3obparKeHUn KMBbIX cUCTEM, GYOPECLLEHTHbIE XEMOCEHCOPbI LMPOKO
npumeHalTca B 6uonornmn, GM3nMonorumn, sKoNorMn, KpUMMHANUCTUKE U ap. [2]. MHoxe-
CTBO (6MO)XMMMYECKNX aHANNTOB MOTYT BbITb AETEKTUPOBaHbI GIYOPECLEHTHbIM METOA0M
aHanM3a: B3pbiBYaTble coeguMHeHUA, BUONOrMYECKN aKTUBHbIE COeaUHEHUA, TEXHOreHHble
0TX0Abl, rasbl (B T.4. HEPBHOMAPaAUTUYECKME), OpraHebl KNETKU U Ap., YTO ABAAETCA Ha-
LMOHa/IbHOM 3afa4Yeli coxpaHeHMA 340P0BbA HaceneHusa nboro rocyaapcrea [3]. B otau-
yme NOAUMEPHbIX MaTePMaNoB MOHOMONEKYNAPHbIE Gayopodopbl, LIMPOKO PacTBOPUMbI
B 0ObIYHbIX PAaCTBOPUTENAX, YTO AENAET UX NErKo AOCTYNHbIMW ANA U3FOTOBAEHMUA C LEeNblo
NpUMeHeHUs Ha NpakTuKe. Llenbio AoKNaaa ABAAETCA pacCMOTPeHWe HOoBellmMX pa3pabo-
TOK HaLUMM KOJIJIEKTMBOM MOJIEKYISAAPHbIX CEHCOPOB/30HA0B (NPo6) Ha OCHOBE TaKMX Mo-
nu(retepo)apomaTnyecknx XpomohopoB Kak UNTULEHbI, MUPEH W ero NPOU3BOAHbIE, a3aaH-
TpaLeH v ero NPoun3BoAHble, AnraHabl 2,2’ 6MNMPUAMHOBOIO PAAA N UX METANIJIOKOMIJIEKChI
ANA 06HapyKeHUs BUONOTMUYECKM aKTUBHbIX COeAMHEHWNN, TEXHOTEHHbIX OTXOA0B, peannsa-
LMW OTKAUKA Ha M3MEHEHMs OKPY»KaloLLel cpebl, NPUCYTCTBMA aHUOHOB U KaTMOHOB Me-
Tann0B U T.A.

bnazodapHocmu
Paboma sbinosHeHa rpu noddepxcke epaHma PH® Ne 18-13-00365

Jlumepamypa

[1] A. P. Demchenko, Introduction to Fluorescence Sensing, Springer International Publishing
Switzerland, Springer International Publishing Switzerland, 2015.

[2 ). R. Lakowicz, Principles of Fluorescence Spectroscopy, Springer US, Boston, MA, 2006.
[3] B. Valeur, Molecular Fluorescence: Principles and Applications, Wiley-VCH Verlag GmbH,
Weinheim, FRG, 2001.
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Antiproliferative activity of 6-hydroxyxanthanodiene conjugates
with pharmacophoric azines

Pukhov S., Afanasyeva S., Anikina L., Dubrovskaya E., and Klochkov S.

Laboratory of Natural Compounds, Institute of Physiologically Active Compounds of Russian
Academy of Science , 142432, Russia, Chernogolovka of Moscow Region, Severnyi pr., 1

It is known that natural sesquiterpene lactones and their amino derivatives have
a cytotoxic effect [1]. The natural sesquiterpene lactone of the eremophilane series,
6-hydroxyxanthanodiene (lll), obtained from the readily available component of the plant
Inula helenium L. alantolactone (lI) via epoxy derivative Il [2] was chosen as the object for
amination. Lactone Il react easily with N-nucleophiles (pharmacophoric piperidines and
piperazines) by Michael-type addition.

@)
e ki 9) (CH,CO,H),
O —_ =
DCM DCM, 100°C
0

®

(a-0)

1 lla-l

X = C(OH)NCH,CI-4 (a), C(OH)Bn (b), NCO,Et (c), NCH,CF-3 (d), NCH,F-4 (e),
NC,H,OMe-4 (f), NC,H,OMe-3 (g), NC,H,CI-3 (h), NC,H,CN-4 (i), NCH(C,H,F-4), (j), NC,H,Me-
2-Cl-5 (k), NPy-2 (1)

The obtained azino derivatives Illa-1 were tested against a number of tumor cell lines
(A549, MCF7, HCT116, RD and Jurkat), many of them showed cytotoxic activity at the
level of

107-10® mol/l. The leading compounds were found, which confirms the promise the
use of such molecules for the development of modern anticancer drugs.

The work was performed in the framework of the State assignment (Ne 0090-2017-0018).
References
[1]. N. J. Lawrence, A. T. McGown, J. Nduka, J. A. Hadfieldand, R. G. Pritchard, Bioorganic and
Medicinal Chemistry Letters. 2001, 11, 429-431.

[2] S. G. Klochkov, S. V. Afanasyeva, and A. N. Pushin, Chemistry of Natural Compounds. 2006, 42 (4),
400-406.
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Development of methods for the synthesis
of 4-hydroxyimino-5-polyfluoroalkylpyrazol-3-ones
and evaluation of their biological properties

Agafonova N., Burgart Ya., Shchegolkov E., and Saloutin V.

The Ural Branch of the Russian Academy of Sciences,
Postovsky Institute of Organic Synthesis,
620990, Russia, Ekaterinburg, S. Kovalevskoi Str., 22

A pyrazole scaffold presences in a number of compounds using as drugs (metamizole,
celecoxib, phenylbutazone, edavarone, etc.) [1, 2]. Thus, it is necessary to create the new
derivatives of this class and the investigation of their biological properties. We have suggested
the various approaches to the synthesis of 4-hydroxyimino-5-polyfluoroalkylpyrazol-3-
ones 2a-j [3], where an one-pot subsequent treatment of polyfluoroalkyl-3-oxoethers 1a,b
with hydrazine and sodium nitrite in acetic acid was the simplest and convenient route.
However, the nitrosation of the early prepared 3-polyfluoroalkylpyrazol-5-ols 3a-h was
the most productive (yields is up to 85%) method. Among obtained pyrazolones 2 were
revealed the compounds with analgesic activity comparable to diclofenac. The introduction
of a substituent to the atom N1 promoted to increase the analgesic activity. In addition,
compounds 2 demonstrated a moderate antiradical activity. All compounds are less toxic
than diclofenac.

NaNO,, [ NOH RNHNH>
AcOH | gF ott| o]
. 0°C o O 18-24%
RWOEt =
oHO | [ NaNO, 0.
RNHNH,| g N“H
1a,b ACOH_ RWOH ACOH | RW@
— N-N_ 0°C {
L R 56-62% N=N,
NaNO =
RF. oy NaNUs
YT AcoH
N—N\R 0°C
3a-h 60-85%

1: R = CF; (a), C4F, (b);
23:R=H, RF= CF3 (a), CoF5 (€), H(CF5), (@), CsF7 (f), C4Fg (9);
R = Ph, R"= CF; (b), C,F5 (d), C4Fg (h); R = Me, RF = CFj (i), C4Fq ()
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Pd"-catalyzed C—H/N-H cross-coupling of 2H-imidazole 1-oxide with azoles
in the design of novel biheterocyclic systems

Akulov A.A.%, Varaksin M.V.1, Charushin V.N.*?, and Chupakhin O.N.*?

IDepartment of Organic & Biomolecular Chemistry, Ural Federal University,
620002, Russia, Ekaterinburg, Mira street, 19
2 postovsky Institute of Organic Synthesis, Ural Branch of Russian Academy of Sciences,
620990, Russia, Ekaterinburg, S. Kovalevskoy street, 22

2H-Imidazole 1-oxide derivatives 1 (Scheme 1) represent non-aromatic compounds
belonging to a class of cyclic nitrones, which are known to be of interest in the recent
years. This is accounted for the specific properties inherent in such N-oxide-containing
molecules. In particular, it has been shown that due to their spin-trapping capabilities,
these azaheterocycles can be applied not only for analytical purposes, but also as potential
antioxidant agents.

Earlier, we developed in our research group a number of strategies towards the direct
C(sp?)—-H modification of 2H-imidazole 1-oxide derivatives 1, leading to the formation of
novel C-C bonds. These include an approach towards the Pd'-catalyzed functionalization
of such nitrones with five-membered m-excessive heteroarenes fragments. [1,2] Later,
however, we found out that the application of catalytic conditions, essentially identical to
those used in the above method, can also contribute to the generation of new C—N bonds in
case of interaction with m-amphoteric azoles, such as 1H-imidazole or 3,5-dimethylpyrazole
(see Scheme 1). Structures of the C—H/N-H coupling products obtained were confirmed via
both 2D NMR spectroscopy and X-ray diffraction studies.

\N [ \>
RUN R2 N Pd(OAc), N Pd(OAc), RN R
@>< RS = & Cu(OAc),- HyO I >< I Cu(OAc), Hy0 @><R3
/ N Et3N, 1,4-dioxane R® Py, 1,4-dioxane (\
/N 140°C, 24 h 140 °C, 24 h N/J O

Scheme 1. Pd"-catalyzed C—H/N—H cross-coupling of 2H-imidazole 1-oxide with azoles
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New derivatives of hydroxamic acids as highly effective antioxidants
Alexandrova Yu.R.?, Osipov V.N.2, Avdeev D.V.3, Klochkov S.G.!, Neganova M.E.*

!Institute of Physiologically Active Compounds of Russian Academy of Sciences,
142432, Russia, Chernogolovka, Severnii proezd, 1
2«N.N. Blokhin National Medical Research Centre of oncology» of the Health Ministry
of Russia, 115478, Russia, Moscow, Kashirskoye Shosse, 23
3«National Medical Research Centre of cardiology» of the Health Ministry of Russia,
121552, Russia, Moscow, 3-ja Cherepkovskaja, 15A

Oxidative stress plays a leading role in the development and progression of many
human diseases primarily due to the intensification processes of lipid peroxidation
(LPO) in biological membranes by the action of free radicals. It leads to the disruption of
mitochondrial function and as a consequence to the release of apoptogenic factors and
cell death. Cyclic hydroxamic acids (CHA) are interesting as agents, which inhibit oxidation
processes. In addition to the complex antioxidant activity, these compounds also modulate
the action of the enzymes such as histone deacetylase and lipoxygenase which are involved
in the development of cancer and neuro-inflammatory processes.

A number of new cyclic hydroxamic acids, which are derivatives of 3-hydroxy-2,3-
dihydroquinazoline with a spirocyclic fragment, have been synthesized and antioxidant
potential of these compounds have been investigated in this work.

When we studied the biological activity of the researched compounds, it was found
that most of them showed the effective inhibiting ability of LPO initiated by both Fe(ll) ions
and tert-Butyl hydroperoxide. This suggests that the antioxidant activity of CHA associated
with both their iron chelating and anti-radical properties. The ability of hydroxamic acids to
form coordination bonds with iron ions and directly bind free radicals was studied, when
establishing the mechanism of antioxidant activity. Thus, the percentage of Fe(ll) ions
binding by CHA OVF-29, OVF-33-50 varied from 65% to 78%, and antiradical activity was
found for 17 of the 18 studied compounds. These results indicate a high antioxidant activity
of cyclic hydroxamic acids and allow us to consider these compounds as the basis for the
creation of potential therapeutic agents.

This work was financially supported by the Russian Foundation for Basic Research
(project Ne 18-33-01185 mon_a).
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Mucoadhesive liposomes as carriers of antiviral
and antituberculosis drugs

Alkubelat R.S., Suchkova A.A., Klimova T.V. and Mironov M.A.

Department of Technology for Organic Synthesis, Ural Federal University,
620002, Russian Federation, Ekaterinburg, Mira Str., 28

Liposomes are excellent carrier systems in a variety of applications and are particularly
ideal for drug delivery to the tissues due to their similarity to natural cells. Indeed, the
therapeutic index of various drugs can be increased through their incorporation into
liposomes, which can act as a non-toxic, biodegradable system for solubilizing drugs of
low aqueous solubility. Addition of positive charged small molecules and biopolymers to
liposomal compositions may produce liposomes with a prolonged release and mucoadhesive
properties. To date, most of the concern about mucoadhesive liposomal systems has been
focused on chitosan coated negative liposomes. In the European Union and USA these
systems are approved for biomedical use in nasal drug delivery [1].

Our research group is focused on chemical modification of liposome surface with
following evidence of mucoadhesive properties. In this case, the side groups introduced
into the liposome structure provide electrostatic repulsion and additional steric stabilization
in solutions. Mucoadhesive activity is usually explained on the basis of attraction underlying
interaction between liposomes surface and mucin secreted from epithelial cells. Therefore,
we introduce positively charged additives like palmitoylcholine and biopolymers like
modified chitosan [2].

The aim of the present work was to obtain stable mucoadhesive liposomes loaded with
hydrophobic antiviral drug Rimantadine and to define the release profile of this active
substance. We tested the possibility of obtaining positively charged liposomal composition
and its coating with modified biopolymers. The obtained liposomal form was shown to be
stable for three months or longer and possess high mucoadhesive properties. In addition,
the optimal parameters were determined for producing liposomal carriers for the delivery
of another hydrophobic drugs with antituberculosis activity.
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Minor natural sesquiterpene lactones isotelekin, reynosin and
santamarine as a platform for the creation of antineoplastic drugs

Anikina L., Semakov A., Pukhov S., Afanasyeva S., and Klochkov S.

Institute of Physiologically Active Compounds of the Russian Academy of Sciences, 142432,
Russia, Chernogolovka, Severnyi Proezd, 1

The actual problem of current medicinal chemistry is the search for new groups of
highly effective and low-toxic antineoplastic drugs. We assumes the use of the minor
natural sesquiterpene lactones, isotelekin, reynosin, and santamarine, as a platform for the
creation of such therapeutics, the biological properties of which have been poorly studied
due to the low content of these compounds in plants. As a rule, drugs of plant origin, which
possess antitumor and antimetastatic properties, have complex activity and are better
tolerated by the body. We propose a new approach to the synthesis of minor sesquiterpene
lactones, which makes it possible to obtain them in quantities sufficient for carrying out
pharmacological studies. Preparative methods for the preparation of isotelekin, reynosin
and santamarine from readily available lactones of isoalantolactone and costunolide are
developed.

The cytotoxic activity of these compounds with respect to lines of tumor cells RD
(rhabdomyosarcoma), A549 (lung carcinoma), HCT116 (colon carcinoma), and MCF7 (breast
adenocarcinoma) was measured by the MTT-test. The test results showed that the cell line
MCF7 is the most sensitive to the action of isotelekin, the cell line RD is the most sensitive
to the action of reynosin and the cell line HCT116 is the most sensitive to the action of
santamarine (see the table).

Table
Cytotoxicity of isotelekin, reynosin and santamarine
Compounds IC,,, UM
A549 HCT116 MCF7 RD
Isotelekin 67.5016.11 42.25+4.47 39.06%2.62 63.52+1.96
Santamarine 156.85+£10.22 47.03+0.53 74.15+0.43 85.24+1.45
Reynosin 120.72+5.18 71.71£2.06 75.6815.03 32.65+1.09

The study of the mechanisms of the antiproliferative effect of isotelekine, reynosine,
santamarine will help elucidate the fundamental aspects of the biological activity of the
sesquiterpene lactones of the Asteraceae family, and thereby contribute greatly to the
development of medicinal chemistry of natural compounds.

The work was supported by RFBR Grant Ne18-33-00567-mor-a.
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CONSENSUS PREDICTION OF ACUTE TOXICITY
OF RAGE RECEPTOR INHIBITORS

Appazova D.T,, Vassiliev P.M., Spasov A.A., lanalieva L.R., Kochetkov A.N.
Volgograd State Medical University, 1, Pavshikh Bortsov Sq., Volgograd, 400131, Russia

The aim of the research was a consensus prediction of acute toxicity LD,  oral for rats and
the toxicity class of RAGE inhibitors with different levels of activity.

183 RAGE inhibitors were clustered on activity to 4 groups: 38 high active, 61 moderate
active, 39 low active and 45 inactive. For all compounds, a prediction of acute toxicity
LD, oral for rats and toxicity class C__was performed using GUSAR and ProTox-Il internet
resources and original Microcosm ADMET system. The consensus estimates of LD, and
C,, were calculated as the arithmetic mean of the three primary estimates. In each group
of RAGE inhibitors, the medians and 95% confidence intervals for them in the series of
consensus estimates of LD, and C__was determined.

The following median estimates of toxicity for 4 groups of RAGE inhibitors were obtained:
high active — LD, = 1415 (1330 - 1689) mg/kg, C,_ =4 (4 —4); moderate active — LD, = 1500
(1387 -1795) mg/kg, C =4 (4 —4); low active — LD, =1276 (1115-1561) mg/kg, C_ =4
(4—4); inactive—LD, =1475 (1163 -1885) mg/kg, C,_ =4 (4—4). In terms of toxicity classes,
the compounds were distributed as follows: high active — 86,8% 4th class and 13,2% 5th
toxicity class ; moderate active —81,9% 4th class and 18,1% 5th class; low active —92,3% 4th
class and 7,7% 5th class; inactive —91,1% 4th class and 8,9% 5th toxicity class.

Thus, according to the sets of two median estimates, RAGE inhibitors belong to the class
of low toxic substances.

Performed using three different computer systems, a consensus prediction of acute
toxicity indicators of RAGE inhibitors showed that these compounds belong to the class of
low toxic substances. The obtained data can be used to search for new low-toxic inhibitors
of RAGE receptors.

The work was funded by the Russian Foundation for Basic Research, 18-015-00499 project.
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Anti-glycating and antiplatelet activity
of some 3,6-disubstituted 1,2,4,5-tetrazines

Babkov D.A.!, Babkova V.A.}, Ishmetova R.l.%, Ignatenko N.K.%, Sergeeva A.A.2,
Tregubova L.M.}, Sirotenko V.S.%, Kucheryavenko A.F.%, Vasil’ev P.M.},
Rusinov G.L.2, Spasov A.A.!

Wolgograd State Medical University, Ministry of Health of the Russian Federation,
1 pl. Pavshikh Bortsov, 400131 Volgograd, Russian Federation
2Ya. Postovsky Institute of Organic Synthesis,
Ural Branch of the Russian Academy of Sciences,
22/20 ul. S. Kovalevskoi, 620137 Yekaterinburg, Russian Federation

A number of 3,6-disubstituted 1,2,4,5-tetrazines, potential inhibitors of the Maillard
reaction, have been synthesized based on quantum chemical prediction of biological
activity. A series of compounds with high antiglycating activity was found. The effect of the
identified glucose protein glycation inhibitors was studied on a model of ADP-induced rabbit
platelet aggregation in vitro. Seven compounds definitely inhibited platelet aggregation. Two
compounds showed the highest antiplatelet activity, significantly exceeding the reference
drug, acetylsalicylic acid.
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The set of biological effects of these compounds is actual for modern medical chemistry.

The work was performed in the framework of the project of the state task
AAAA-A19-119011790134-1 using the equipment of the Center for Collective Use “Spectros-
copy and Analysis of Organic Compounds” (PCU “SAOC»).
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Hydroxylated imidazo[4,5-b]pyridine derivatives -
potential antidiabetic agents

Balakireva O.l., Soboleva S.D., Semenov A.V., Burtasov A.A., Semenova E.V.

National Research Mordovia State University, 430005, Russia, Saransk, Bolshevistskaya, 68

The restoration of the functional mass of beta-cells is an important therapeutic goal in
the treatment of diabetes mellitus of both type 1 and 2. It was shown [1], that stimulation
of beta-cell proliferation is mediated by the inhibition of the DYRK (dual-specificity tyrosine-
regulated kinases) and CLK (CDC-like kinases) family kinases. It is known that imidazo[4,5-b]
pyridine derivatives [2] can act as promising double inhibitors of DYRK1/CLK1. On the
other hand, given the important role of lipid peroxidation activation in the pathogenesis
of diabetes mellitus, the positive effect of antioxidant-type preparations, in particular,
pyridinol-3 derivatives, was established in the treatment of this pathology [3].

In the course of our study, a number of new hydroxylated imidazo[4,5-b]pyridine
derivatives containing a pyridinol-3 fragment were synthesized.
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Derived derivatives can be considered as potential antidiabetic agents, the activity
of which is due to the possibility of exposure both through inhibition of kinases and by
suppressing lipid peroxidation processes.
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Synthesis of Intermediates for Preparation of d,I-3,4-
Dihydroxyphenylalanine

Barabanov M.A.!, Martyanov G.S.%, Pestov A.V.!

I Institute of Organic Synthesis, RAS, 620137, Russia, Ekaterinburg, 22 S. Kovalevskoy str.
2Ural Federal University, 620002, Russia, Ekaterinburg, 19 Mira str.

Levodopa 1 is an important drug for the treatment of Parkinson’s disease and is used as
a natural precursor for the in-vivo synthesis of dopamine, an endogenous neurotransmitter,
the concentration of which is reduced in people with this disease [1].
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A method for the synthesis of racemic d,l-dioxyphenylalanine (DOPA) via series of
intermediates, including 2-benzamido-3-arylpropanoic acids 5a,b, is proposed. At the first
step, according to the classical method of the synthesis of azlactones [2], vanillin 2a is
condensed with hippuric acid giving of azlactone 3a (89%).

In the second step, the azlactone ring is opened, leading to trans-benzamidocinnamic
acid 4a (55%). At the same time, the hydrolysis of the acetoxy group occurs, although it was
shown in a previously published work, that the acetoxy group retains after 3a was hydrolized
under similar conditions. Then benzamidocinnamic acid 4a is reduced to N-benzoyl-O-
methylDOPA 5a, a key intermediate in the synthesis of racemic DOPA. This synthetic scheme
was also performed using veratraldehyde 2b as the starting compound.

Therefore, proposed methods of synthesis of intermediates 5a,b are attractive due to
simplicity of implementation, good yields and low cost of starting materials.

References
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Synthesis and biological activity of polyfunctional pyrazoles based on
trifluoroalkylated 1,2,4-triketone analogs

Bazhin D.N.?, Kudyakova Yu.S.!, Onoprienko A.Ya.'?,
Burgart Ya.V.'2, and Saloutin V.I.12

1Postovsky Institute of Organic Synthesis UB RAS, 620990, Russian Federation,
Yekaterinburg, 22 S. Kovalevskoy str.
2Ural Federal University named after the First President of Russia B. N. Yeltsin, 620002,
Russian Federation, Yekaterinburg, 19 Mira str.

The search for compounds with a multi-target activity is considerably increased in the
past decade. In this context, functionalized pyrazoles are of great interest due to the broad
spectrum of their biological activities. Recently we have elaborated a useful approach to
polysubstituted pyrazoles based on 1,2,4-triketone analogs [1-3]. The investigations of
synthesized compounds have revealed the promising low toxic bioactive candidates. The
introduction of thiosemicarbazone fragment in the structures of pyrazoles resulted in high
antioxidant and analgesic activity. In addition, thiosemicarbozones demonstrated high
cytotoxicity for cancer cells of the Hela line, combined with low toxicity for normal human
fibroblasts. There are several examples with moderate anti-M. Tuberculosis activity.
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The work was financially supported by the Russian Foundation for Basic Research (project
Ne 18-33-20124). K.Y.S. is thankful to the Council for grants of the President of Russian
Federation (grant no. 1453.2019.3).
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Synthesis of 2-substituted 6-polyfluoromethyl-4-pyrimidinecarbaldehydes
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Pyrimidines and their derivatives are of great interest owing to a wide spectrum of their
biological activity, namely anticancer, antiviral, antibacterial, anti-inflammatory and other.
Therefore, synthesis of the novel pyrimidine derivatives remains an actual goal.

Recently we have described 3-(polyfluoroacetyl)pyruvaldehyde dimethyl acetals — a
novel fluorinated building-block [1]. They can be used for the synthesis of heterocycles
containing both fluoroalkyl and aldehyde groups in their structure. The aldehyde group is
of considerable interest for further modification of the resulting heterocyclic compounds
(1, 2].

Here we report on application of this building-block for preparation of fluorine-containing
pyrimidine-4-carbaldehydes. It was found that 3-(polyfluoroacetyl)pyruvaldehyde dimethyl
acetals react with amidines in refluxing acetonitril affording the substituted pyrimidine-4-
carbaldehyde dimethyl acetals. However, the conversion of reagents was incomplete in 12
hours. We found that addition triethylborate accelerats significantly the heterocyclization
(full conversion in 4-8 hours). As a result, 2-substituted 6-RF-4-pyrimidinecarbaldehyde
dimethyl acetals were isolated in high 74-96% yields.

Ry
o o B
R N7 N
E OMe 4 )\ EtsN, B(OEt)s ‘ HCOOH NZ N
R HNZ “NH; * HCI RFJ\/KrOMe — 1l o
OMe CH5CN/ 80°C Sk RF &
RF = CF3 HCF,

R4 = Ph, 3-Py, 1-pyrazolyl

Hydrolysis of their acetal group in acid condition furnishes the corresponding 6-Rf-4-
pyrimidinecarbaldehydes in good yields.
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Synthesis and biological evaluation of 3- arylidene 2-oxindole derivatives
as new agents for treatment of diabetes mellitus

Bezsonova E.N.}, Lozinskaya N.A.'?, Zaryanova E.V.}, Tsymlyakov M.D.?, Efremov A.M.!,
Anikina L.V.2, Babkov D.A.?, Zakharyascheva O.Yu.3, Prilepskaya D.R.2 Spasov A.A.2

1Department of Chemistry, Lomonosov Moscow State University,
119234, Russia, Moscow, Leniskie Gory St., 1
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142432, Russia, Chernogolovka, Moscow Region, Severniy Avenue, 1
3 Research Institute of Pharmacology, Volgograd State Medical University,
400001, Russia, Volgograd, KIM St., 20

2-Oxindole scaffold was used for targeted design and synthesis of a number of novel
compounds with pronounced antidiabetic activity!¥. Condensation of 2-oxindoles with
2-substituted heteroaromatic aldehydes was E/Z selective and resulted in one isomer

predominancy.
o)
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H H
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Aryl = 2-pyridyl, 4-Br-Ph, 4-OH-Ph, 3 4,5-tri-MeO-Ph, 3-OH-Ph, 4-NO,-Ph, 3-pyridyl, 4-pyridyl, 2-thienyl, 2-furyl, 3,4-
dimethyl-pyrazol-4-yl

The inhibitory activity of obtained compounds was tested in vitro on two molecular
targets for diabetes mellitus therapy, glycogen synthase kinase 3 (GSK-38) and a-glucosidase
(34, The lead compounds were shown to inhibit GSK-38 and a-glucosidase with IC, 4.19 nM
and IC,, 6.78 uM respectively. Even though GSK-38 ligands and oa-glucosidase inhibitors
share similar scaffold, lead compounds in screenings on these two molecular targets were
structurally different which suggests a possibility for further structural optimization and
search for selective ligands based on 2-oxindole scaffold for both enzymes. Lead compounds
for each of two enzymes displayed significant antidiabetic effect in oral glucose tolerance
test in rat model of type 2 diabetes mellitus.
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Synthesis and hypoglycemic activity of
2,4,5-trifluorostilbene derivatives

Blokhin M.E.*?, Kuranov S.0.%, Luzina 0.A.%, Khvostov M.V.*?, Salakhutdinov N.F.%?

INovosibirsk state university, 630090, Russia, Novosibirsk, Pirogova, 2
2Novosibirsk institute of organic chemistry, 630090, Russia, Novosibirsk, Lavrent’eva, 9

Diabetes mellitus type 2 is a metabolic disease characterized by impaired glucose control
in the blood. Among modern oral medications used in the treatment of DM-2, a significant
share of the market is occupied by drugs that inhibit DPP-4 (gliptins). The advantages of
this class of compounds are that they do not cause hypoglycemia, so they do not act when
the level of glucose in the blood is normalized. Some of the natural compounds, such as
resveratrol, has ability to inhibit DPP-4. Despite the fact resveratrol has a high affinity for
DPP-4 and binds to the same binding site as gliptins, its action is extremely non-selective [1].

We have synthesized compounds containing a vinylphenyl fragment, which is common
to natural DPP-4 inhibitors, including resveratrol, with a 2,4,5-trifluorophenyl structural
unit of the marketed drug sitagliptin, whose specific binding to the active site of the
enzyme has been confirmed by numerous studies. New compounds were synthesized in
4 stages with good yields using commercially available 2,4,5-trifluorobenzaldehyde and
various aromatic aldehydes. Some of them showed hypoglycemic activity in GTT in mice
at a dose of 10 mg/kg.
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Esters of 3-oxo-2-tolylhydrazinylidene-4,4,4-trifluorobutanoic acid and
natural alcohols as new selective carboxylesterase inhibitors

Boltneva N.P.!, Serebryakova 0.G.%, Lushchekina S.V.2, Rudakova E.V.}, Elkina N.A.3,
Shchegolkov E.V.3, Radchenko E.V.% Palyulin V.A.%, Burgart Ya.V.3, Makhaeva G.F.},
Saloutin V.1.3, Richardson R.J.®

IInstitute of Physiologically Active Compounds RAS,
142432, Russia, Chernogolovka, Severny proyezd, 1
2Emanuel Institute of Biochemical Physics RAS, 119334, Russia, Moscow, Kosygina Str., 4
3Postovsky Institute of Organic Synthesis UB RAS,
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“Department of Chemistry, Lomonosov Moscow State University,
119991, Russia, Moscow, Leninskie gory, 1/3
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48109 USA Michigan, Ann Arbor

Carboxylesterases (CES, EC 3.1.1.1) are key enzymes of hydrolytic metabolism for
major therapeutic agents that contain ester groups. Inhibitory activity of 3-oxo-2-
tolylhydrazinylidene-4,4,4-trifluorobutanoates bearing natural alcohol moieties (R) of the
general formula |

NHAr
N/

AIKF | 0

R

I
against porcine liver CES and two isoforms of human CES (hCES1 and hCES2), along with two
related serine hydrolases, acetylcholinesterase and butyrylcholinesterase, were investigated
using enzyme kinetics and molecular docking.

Analysis of the esterase profile demonstrated that these compounds are effective and
highly selective inhibitors of CES. Moreover, the esters | based on geraniol and adamantol
are nanomolar inhibitors of hCES2, while the bornyl- and isobornyl-containing esters | are
more active and selective against hCES1. All compounds have favorable ADMET profiles,
possess high antiradical activity, and exhibit low acute toxicity. The tested compounds are of
interest as potential candidates for CES inhibition in biomedical applications.

This work was supported by Russian State assignment 0090-2017-0019 to IPAC RAS
(biological assay) and AAAA-A19-119011790134-1 to 10S UB RAS (synthesis).



Poster presentations 163

STUDY OF THE STRUCTURE AND PROPERTIES OF PERSPECTIVE MEDICAL
MATERIALS BASED ON Ti-O-N SYSTEM

Boytsova E.L., Leonova L.A.

Tomsk Polytechnic University, School of Nuclear Science & Engineering,
Building Ne 10, Lenin Avenue 2, Tomsk, 634050, Russia

The study of thin bioactive titanium-based films has recently attracted unabated interest
due to the importance of the problem of increasing of medical implants resistance. The
oxynitride coatings with the formula TiN O _are widely used as a biocompatible coating of the
medical implants [1]. Doping of the oxide film by nitrogen with technological replacement
of oxygen by nitrogen atoms changes the properties of the material: antithrombogenic
qualities appear and the level of hemocompatibility increases.

The purpose of this work was studying the influence of sputtering regimes and the
composition of the sprayed gases on the structure and properties of the coating. Samples
of biocoatings were obtained by the method of reactive magnetron sputtering using the
experimental setup UVN-200MI, (TPU, Tomsk) [2]. For the estimation of coatings corrosion
properties we used modern spectral analysis methods such as: gas chromatography,
polarization method for studying the anodic behavior of the Ti-O-N ternary system. It was
revealed a number of unique properties of the biocoatings: chemical and thermal stability,
corrosion resistance in various biological environments. Upon contact with model biological
fluids, compounds with N — O bonds are released from the coating forming nitrite / nitrate
of nitrogen, which is an important compound for a living organism [3].

Reference

1. Williams D.F., Rowf R. Implants in surgery. - M.: Medicine, 1978. - 552 p.

2. Boytsova E.L., Leonova (Filatova) L.A. Bulletin of the Russian Academy of Sciences: Physics, 2018,
82,1147.

3. Boytsova E. L., Leonova (Filatova) L. A. Chemistry for Sustainable Development, 2018, 4, 443.



164 MedChem Russia 2019

Reactions of 10H-spiro[anthracene-9,5’-oxazolidin]-10-ones: synthesis of
substituted pyrrolidines

Buev E.M., Moshkin V.S., and Sosnovskikh V.Y.

Institute of Natural Sciences and Mathematics, Ural Federal University,
620002, Russian Federation, Ekaterinburg, Mira, 19

In order to develop new convenient and straightforward approaches to the synthesis of
various azaheterocycles, including natural compounds, as well as saturated azaheterocycles
with potential biological activity, the main direction of research in our laboratory is the
reactions of nonstabilized azomethine ylides.

Proposing methodology is based on the cycloreversion of 10H-spiro[anthracene-
9,5’-oxazolidine]-10-ones 1, readily available from anthraquinone, N-alkylglycine and
paraformaldehyde. These spiro-oxazolidines possess an ability to regenerate nonstabilized
azomethineylide at temperature above 120 °C. It was found that spiroanthraceneoxazolidines
1 possess a versatile reactivity and able to form substituted pyrrolidines 2—-5 with various
starting materials: activated alkenes, active methylene compounds or cyclopropanes via
domino process. Spiro-oxazolidines 1 also can be used for the synthesis of oxazolidines,
aminoalcohols or imidazolidin-4-ones 6.
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Novel 5-cyanopyrimidine derivatives induces inhibition EGFR signaling
pathways in cancer lines

Bunev A.!, Khochenkov D.*?, and Khochenkova Y.?

IMedicinal Chemistry Center, Togliatti State University,
445020, Russian Federation, Togliatti, 14 Belorusskaya St.
2Laboratory of biomarkers and tumor angiogenesis mechanisms, N.N. Blokhin National med-
ical research center for oncology,
115478, Russian Federation, Moscow, 23 Kashirskoe Shosse

To identify novel EGFR inhibitors with better biological function, a 5-cyanopyrimi-
dine-based compound library containing 48 derivatives was synthesized and compared in
the present study. The in vitro cytotoxic activity of all compounds was screened against 7
cancer cell lines (T47D, SK-BR-3, MCF-7, HaCaT, A375, A549, A431) by MTT cell viability as-
say. The results indicated that all compounds exhibited certain degree of inhibition to cancer
cells in range (IC, =0.485-49 uM), in which compounds SV296 and SV350 displayed excel-
lent cellular activity. To investigate the effect of selected compounds on signal transduction
mechanism, we performed In-Cell ELISA colorimetric assay of EGFR and its downstream sig-
naling pathways: extracellular signal regulated kinase (ERK1/2) and Akt. As shown in Fig.
1A, A549cells that express high EGFR were treated with IC50 concentrations of SV296 and
SV350 and demonstrated a decrease in phosphorylation of EGFR and Akt, but not ERK1/2.
Also, we study the effects of SV296 and SV350 on colony-forming potential of A549 and
A431 cell line (Fig.1B). Both compounds significantly inhibited the clonogenicity in A549 and
A431 cells. Therefore, selected SV296 and SV350 derivates may be promising for further
development of novel EGFR inhibitors.
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Novel 5-cyanopyrimidine derivatives induces apoptosis in THP-1
and A549 cancer cell line

Bunev A.}, Khochenkov D.*?, and Khochenkova Y.2

IMedicinal Chemistry Center, Togliatti State University,
445020, Russian Federation, Togliatti, 14 Belorusskaya St.
2Laboratory of biomarkers and tumor angiogenesis mechanisms, N.N. Blokhin National med-
ical research center for oncology,
115478, Russian Federation, Moscow, 23 Kashirskoe Shosse

To identify novel 5-cyanopyrimidine derivatives with better cytotoxic action we
performed apoptosis analysis by flow cytometry and evaluate expression of apoptosis
mediators in cancer cells. For this a 5-cyanopyrimidine-based compound library containing
48 derivatives was synthesized and the in vitro cytotoxic activity of all compounds was
screened against A549 and THP-1 cancer cell lines by MTT cell viability assay. The results
indicated that all compounds exhibited certain degree of inhibition (IC50) to THP-1 cancer
cells in range 0.485-2.20 uM and A549 cancer cells in range 17.30-46.56 uM, in which
compounds SV297 and SV340 displayed pronounced cytotoxic activity. To investigate the
cytotoxic effect of selected compounds we performed the apoptosis analysis (Fig.1A). SV297
and SV340 compounds on THP-1 cells showed a decrease in the number of living cells to
72.29% and 84.21% after 48h of incubation, respectively. On A549 cells that were treated
with IC50 concentrations of SV297 we demonstrated a slight decrease in in the number
of living cells to 93.69% and without change in living cells counts for SV340. For both
compounds we also study the mechanisms of apoptosis induction by immunofluorescence
assay after 24 h incubation with compound (Fig.1B). As shown, induction of apoptosis
by 5-cyanopyrimidine derivatives accompanied by a decrease in anti-apoptotic signaling
molecules (bcl-2, pAkt (Ser473) and an increase in the expression of proapoptotic molecules
(Bax, cCaspase-3, cPARP). Therefore, selected SV297 and SV340 derivates may be promising
for further development of novel target inhibitors.
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The synthesis of 5-aryl-azolo[1,5-a]pyrimidines —
perspective therapeutic agents

Butorin L.I., Ulomsky E.N., Voinkov E.K., Rusinov V.L.

Institute of Chemical Engineering, Ural Federal University,
620002, Russian Federation, Ekaterinburg, Mira st. 28

The development of the novel azoloazine-based therapeutic agents is still a relevant
area of organic and medicinal chemistry. It has been established that derivatives of
azolopyrimidines can be involved in the regulation of a wide range of biochemical processes,
among which inflammatory processes take a special position. The limited range of
azolo[1,5-a]pyrimidines 4 was obtained under the reaction conditions of Michael addition
from the corresponding aminoazole 1 and benzylidenemalonononitrile previously 2 (R2 =
CN) [1].
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R, = -H, -COOEt
R; =-CN.-NO,

Ar = -Ph, -Ph(4'-OMe), -Ph(4'-NMe,), -furan-2'-yl

Itis proposed to expand the series of azolo[1,5-a]pyrimidinesin the present work (Scheme
1). One of the most attractive aspects of this work is the use of arylidenenitroacetonitriles(2,
R2 =-NO2) [2] as a building block to obtain a previously unknown series of 5-aryl-6-nitro-
7-aminoazolo[1,5-a]lpyrimidines and corresponding azolo[5,1-b]purines. High affinity for
adenosine A2a receptor in comparison with selective inhibitors was established by docking
study for these compounds. One of the lead compounds - 7-amino-6-cyano-3-(2’-furyl)-
5-phenyl(4’-methoxy)- [1,2,4]triazolo[1.5-a]pyrimidine has binding free energy -9.71 kcal
/ mol, which indicates higher affinity towards A2a receptor than affinity of the selective
antagonist ZM241385 (-9.05 kcal/mol). Thus, compounds of this series can be considered as
promising anti-inflammatory agents.
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Production of composites based on oxidized bacterial cellulose and
prospidin in the form of porous napkins
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The aim of the study was to develop a method for obtaining the prolonged form of
prospidin (N, NIII-Bis (2-hydroxy-3-chloropropyl) -NI, Nll-dispyrotripiperazinium dichloride
monohydrate) based on oxidized bacterial cellulose in the form of a porous napkin for local
use in oncology and surgery.

In the system nitric oxide (IV) - trichloromethane, the influence of the conditions of
dehydration of bacterial cellulose, oxidation and additional treatment of oxidized bacterial
cellulose in the washing process on the composition, morphology of the polymer network,
and water holding capacity is studied. A method has been developed for the inclusion
of carboxyl groups in the range of 5.7 — 14.9% in the gel-films of bacterial cellulose with
the maximum preservation of its porous structure. It has been established that oxidized
bacterial cellulose undergoes biodegradation in phosphate buffer solution with pH = 7.4,
the fullness and duration of which is determined by the content of carboxyl groups. The
obtained samples of oxidized bacterial cellulose are elastic translucent films or sponges that
rapidly swell in water (3-5 minutes). In appearance, wet gel films based on the interaction
products of oxidized bacterial cellulose with prospidin are similar to the original bacterial
cellulose, i.e. are super absorbent films that can sorb exudate in a wound.

The sorption ability of the synthesized porous napkins based on bacterial cellulose with
different content of carboxyl groups in relation to prospidin was investigated depending
on the concentration of cytostatic in aqueous solutions. It has been established that the
obtained films of oxidized bacterial cellulose have a high sorption capacity with respect to
cytostatics, a high degree of water absorption and elasticity. Based on the kinetic curves of
prospidin release and biomedical research in in vitro experiments, it was concluded that the
resulting wound tissue based on oxidized bacterial cellulose with included cytostatics has a
prolonged antitumor effect.
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GETTING TISSUE CULTURE CALLUNA VULGARIS L.

Cherepanova O.E.
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Russian Academy of Sciences, 620144, Russia, Yekaterinburg, 8 mattes, 202 a

The actual task of biotechnology is to obtain drugs from plant materials with a
constantly high content of biologically active substances (BAS). The use of tissue
culture methods for solving this problem has a number of significant advantages
(independence from environmental conditions, year-round growth, high vyield of
biologically active substances) in comparison with the use of a plantation method of
growing the resource base, as well as collecting plants from natural places of growth.
Common heather (Calluna vulgaris L.) is a short, evergreen shrub included in various
regional red books, the extract of which has more than 80 medicinal compounds, including
phenolic acids, and exhibit antioxidant, anti-inflammatory and antiproliferative activity [1].
The main range of heather falls on the European part of Russia, as well as Europe,
where it grows on the wet substrates and forms the heathland. In western Siberia,
this species forms a disjunctive area, grows under the forest canopy and is rarely
in open places, preferring to force itself near high bogs. With ecogeographic
heterogeneity of growing conditions, heather is characterized by significant variability
of the quantitative composition of biologically active substances in extracts.
Since heather ordinary, being a promising pharmacopoeial plant, classified as a protected
plant species, has a slow growth of vegetative shoots, weak renewal, as well as an unstable
composition of biologically active substances, tissue culture can be considered the best way
to obtain raw materials for pharmacology.

To date, strains of steadily growing callus culture in vitro have already been obtained,
and in some culture strains it has been possible to increase the content of some biologi-
cally active substances (for example, chlorogenic acid, quercetin, kaempferol) in relation
to plants that grow in natural conditions and become mother plants. The main objective
of the study is to find factors that can increase the productivity of the culture, both for
individual compounds and for groups in general. And the removal of stably growing strains
of a culture of C. vulgaris with different controlled content of biologically active substances
is a promising area of research.
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Synthesis of tetrahydro-5- (methylsulfonyl) oxocino [2,3-c] pyrazole-7-
amine derivatives

Chernyshev S.A.}, Manasova E.V.}, Kurkin A.V.!

IFaculty of Chemistry, Moscow State University named after MV Lomonosov, 119991,
Russia, Moscow, Leninskie gory, 1/3

Pyrazole and its derivatives are widely used for the synthesis of a wide variety of
heterocyclic compounds, and are also the starting material for the production of medicines.
Interest in pyrazole derivatives is due to their wide range of biological activity. They inhibit
the growth of tumors, have antiviral, antibacterial, antifungal effects, affect the central
nervous system. In this regard, obtaining new derivatives of pyrazoles studying their
properties, using as building blocks for the synthesis of other heterocyclic structures is an
urgent and promising task.

For the synthesis of a focused library of tetrahydro-5- (methylsulfonyl) oxocino [2,3-c]
pyrazole-7-amine derivatives (18 compounds) and the study of their biological activity, an
effective synthetic strategy was proposed, allowing to obtain the target compound (TM) in
eight stages from the commercially available amino acid methionine, with a total yield of
15%. It is important to note that with the use of L-methionine, it is possible to synthesize
enantiomerically pure pyrazole derivatives according to a proven scheme.
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Acylative Kinetic Resolution of 6-Substituted 2-Methyl-1,2,3,4-
tetrahydroquinolines with (R)-O-Phenyl Lactic Acid Chloride

Chulakov E., Vakarov S., Tumashov A., Sadretdinova L., Levit G., and Krasnov V.

Postovsky Institute of Organic Synthesis, Russian Academy of Sciences (Ural Branch),
620990, Russia, Ekaterinburg, 22 S. Kovalevskoy St. / 20 Akademicheskaya St.

Kinetic resolution (KR) using diastereoselective acylating agents is a convenient method
for the preparation of optically pure amines.

In this work, we studied the effect of donor and acceptor substituents in the
aromatic fragment in the amine on the acylative KR of 6-substituted 2-methyl-1,2,3,4-
tetrahydroquinolines with (R)-O-phenyl lactic acid chloride. The acylation was carried
out in dichloromethane at +20 °C. The diastereomeric excess of the resulting amides (de)
and the enantiomeric excess of unreacted amines (ee) were determined by HPLC. Based
on the data obtained we were able to calculate the conversion of the starting racemate
(C = [ee_. [(ee. . +de 1x100%) and the selectivity factor (s = In[(1-C)x(1-ee_ . )]/

amine amine amide)

In[(1-C)x(1+ee, )]).
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X = H, Br, OMe, NO,

Amine, X = (R,S)-Amide, de, % (R)-Amine, ee, % C,% s
H 58.7 47.8 45 6
Br 64.2 324 34 6.2
OMe 62.9 62.3 50 8.1
NO, 88.1 52.3 37 26.6

It has been found that in all cases the (R)-O-phenyl lactic acid chloride reacts faster with
the (S)-enantiomers of amines. Comparing the results of acylation of 6-substituted amines
with unsubstituted, the following conclusions can be made: the presence of a bromine
atom in the amine structure does not affect the selectivity of acylation, the presence of the
donor MeO group leads to a slight increase in the selectivity (s 8.1), and the presence of
an acceptor NO, group leads to the highest selectivity (s 26.6). The observed difference in
selectivity is due to different interactions between the aromatic fragments of the reagents.

The work was financially supported by the Russian Foundation for Basic Research (grant no.
18-33-00027 mol_a)
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Preparative HPLC Separation of Enantiomers of Praziquantel
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Postovsky Institute of Organic Synthesis, Russian Academy of Sciences (Ural Branch),
620990, Russia, Ekaterinburg, Russia, Ekaterinburg, 22 S. Kovalevskoy St. / 20
Akademicheskaya St.

2 Federal Research Center Institute of Cytology and Genetics, Russian Academy of Sciences
(Siberian Branch), 630090, Russia, Novosibirsk, Prosp. Lavrentyeva, 10

Praziquantel is a broad-spectrum antihelminthic agent. It is known that (R)-enantiomer
exhibits a greater antihelminthic activity than (S)-enantiomer.

Enantiomers of praziquantel can be obtained by separation of the racemate by preparative
HPLC or from the corresponding precursors, the enantiomers of praziquanamine, which
can be obtained by acylative kinetic resolution using chiral acyl chlorides. In this work, we
explored these two approaches.

The acylative kinetic resolution of praziquanamine with chiral acyl chlorides such as (S)-
naproxen chloride, N-phthaloyl-(S)-leucyl chloride and (R)-O-phenyl lactic acid chloride was
carried out in dichloromethane at -20 °C.
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It has been found that all studied acyl chlorides react predominantly with (R)-enantiomer
of praziquanamine, but the diastereomeric excesses of the amides obtained do not exceed
17%, which makes this method unsuitable for the preparation of praziquanamine.

Preparative HPLC separation of the praziquantel enantiomers was carried out on a Chi-
ralcel OD-H (25020 mm) chiral column, eluent hexane—{PrOH—MeOH 5:1:0.1, detection
at 220 nm, flow rate 10 ml/min. The fractions containing individual enantiomers (ee 100%)
were collected, and the fractions containing mixtures of enantiomers were re-resolved. The
target product was crystallized from hexane. As a result, the individual enantiomers of prazi-
quantel were obtained in 19% yield relative to the starting racemate.

The study was carried out in the framework of the State Assignment of Russia (theme no.
AAAA-A19-119011790134-1).
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Adamantylation of azolo-1,2,4-triazines
Deev S.L.}, Shestakova T.S.}, Sheina E.S.}, Rusinov V.L.!, Chupakhin O.N.*?

T Ural Federal University, 620002, Russia, Yekaterinburg, 19 Mira Street
2 Institute of Organic Synthesis, Ural Branch of the Russian Academy of Sciences,
620219, Russia, Yekaterinburg, 22 S. Kovalevskoy Street

Incorporation of adamantane fragment into the structure of nitrogen-containing
heterocycles is one of the approaches to the synthesis of compounds with a different
spectrum of biological activity. The synthesis of tetrazole and imidazole derivatives
containing the adamantyl fragment showed the efficiency of this method for obtaining
compounds with activity against different strains of influenza viruses [1,2].

Herein, we report an efficient general method for incorporation adamatyl moiety into
structure of 1,2,4-triazolo[5,1-c][1,2,4]triazin-7-ones 2a-e and tetrazolo[1,5-b][1,2,4]
triazines 3e,f by use 1-adamantanole 1 in solution of trifluoroacetic acid.
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The investigation of these processes allowed determination that adamatylation of
compounds 2a-e and 3e,f led to formation of structures 4a-e and 6e,f, correspondingly.
Then adamantylated derivatives 4a-e and 6e,f underwent isomerization to heterocycles
5a-e and 7e,f.

The study of the antiviral effect respiratory syncytial virus showed that structures 5a,b
possess moderate activity.

This work was supported by the Russian Ministry of Education and Science (State contract
4.6351.2017/8.9), the Russian Foundation for Basic Research (grant 17-03-01029).
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I. Kiselev, Bioorg. Med. Chem. 2010, 18, 839-848.
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Design, synthesis and the pharmacological properties study of the novel
dipeptide TSPO ligand

Deeva 0.A.}, Rybina 1.V.2, Yarkova M.A.%, Gudasheva T.A.!

IChemistry department, 2 Department of Pharmacogenetics, Federal State Budgetary
Institution “Zakusov Research Institute of Pharmacology”,
125315, Russia, Moscow, Baltiyskaya str., 8

The translocator protein (18 kDa, TSPO) is involved in cholesterol transport from the outer to
the inner mitochondrial membrane, and it is the limiting step in the neurosteroids biosynthesis
[1]. Neurosteroid hormones interact with the GABA receptor site, which differs from the
benzodiazepine site and therefore have anxiolytic activity without side effects of benzodiazepine
anxiolytics.

Using the original peptide design strategy [2], the first dipeptide TSPO ligand, N-carbobenzoxy-
L-tryptophanyl-L-isoleucine amide (named GD-23), was obtained [3]. GD-23 expressed the
anxiolytic activity in two pharmacological tests in rodents in the dose range of 0.1-1.0 mg/kg
i.p. and p.o. Using the pharmacological inhibitory analysis the TSPO ligand properties of GD-23
have been proved [4]. The molecular docking of GD-23 using the Glide software specified the
structure of the dipeptide ligand: the side chain of the isoleucine residue was replaced with a less
branched leucine residue, and the carbobenzoxy moiety was replaced with a phenylpropionyl
moiety. A new dipeptide ligand, the amide N-phenylpropionyl-L-tryptophanyl-L-leucine, was
synthesized (hamed GD-102). GD-102 was obtained by the activated succinimide esters method.
GD-102 possessed anxiolytic activity in doses of 0.01, 0.05, 0.1 mg/kg i.p. (p <0.05) in the test
“Illluminated open field” in BALB/c mice, in doses of 0.1, 0.5, 1.0 mg/kg i.p. (p <0.05) in the
test “Elevated plus maze” (EPM) in ICR mice Preliminary administration of the selective TSPO
antagonist, compound PK11195, completely blocked the anxiolytic effect of GD-102 in the EPM
test. GD-102 showed antidepressant activity in doses of 0.01 and 0.05 mg/kg i.p in BALB/c mice
in the “forced swimming” test according to Porsolt technique.

A series of GD-102 analogues were synthesized and their structure - anxiolytic activity
relationship was studied. It was shown that in the structure of the dipeptide ligand TSPO for
the manifestation of the anxiolytic effect are necessary the presence of tryptophan and leucine
residues in their natural L-configuration, N-phenylpropionyl radical, unsubstituted amide group
at the C-terminus of the dipeptide.

Thus, we obtained a novel dipeptide ligand TSPO, compound GD-102 with the minimum
effective dose in an order of magnitude lower than the effective dose of the previous dipeptide
ligand, compound GD-23.
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Gramicidin S complex with B-cyclodextrin for innovative drug formulation
Drannikov A.*?

1 Research School of Chemistry & Applied Biomedical Sciences,
Tomsk Polytechnic University, 634050, Russia, Tomsk, Lenina av., 43a
2JSC “PFK Obnovlenie”,630096, Russia, Novosibirsk, Stancionnaya st., 80

Gramicidin S is a natural peptide which exhibits strong antibiotic activity towards Gram-
negative and Gram-positive bacteria and several pathogenic fungi as well [1]. However, due
to its hemolytic activity at low concentration Gramicidin S application is limited to the topical
formulation [2].

Inthe present work, Gramicidin S was loaded in nanocomplexes based on B-cyclodextrine
obtained by co-precipitation method [3].

The main aim was to release Gramicidin S overtime in a constant rate and under pH
control to ensure its activity and avoid the side-effects.

The encapsulation efficiency of gramicidin S was determined as 25-30 % of the drug
depending on the components ratio.

The obtained complexes were investigated using DLS, FTIR and SEM methods comparing
to raw materials which have proved the encapsulation.

The release of the drug was performed at the solutions with pH 2.0, 4.3 and 7.4 resulting
in different release profiles. In vitro assays reveals B-cyclodextrine-chitosan nanoparticles
as promising candidate to develop innovative formulation based on Gramicidin S for future
oral and parenteral administration.

Antimicrobial properties study of the complex in comparison with the raw materials
demonstrated enhanced activity of the complex against C. Albicnans.

As a result gramicidin S complex with B-cyclodextrine can be regarded as promising
antimicrobial agent which demonstrates a great potential for future drug development.
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New methods for the synthesis of biologically active
triazolo [5,1-c] [1,2,4] triazines

Drokin R.A.}, Tiufiakov D.V.:, Voinkov E.K.%, Ulomsky E.N.%, Volobueva A.S.?,
Esaulkova Y.L., Sinegubova E.0.%, Zarubaev V.V.%, Rusinov V.L.!
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The antiviral drug “Triazavirin” (1) belongs to azolotriazine series - a class of compounds

with a wide range of biological activity.
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We have developed a new synthetic approach to the synthesis of triazolotriazines (4).
X

N
N OH
) I
/N\NH O” 3a-e /N\N |
R_<N/J\ i R_<N9kN‘N
2 2 H 4
R: H,Me,SMe, Ph, COOEt

X: NO,, COOEt, CN
Y: H,Me,Et

For synthesis of triazolotriazines (4) we synthesized a series of previously described
derivatives of N-ethylenemorpholines (3) [1,2,3].
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Biological activity of the synthesized triazolotriazines was studied at the Saint-Petersburg
Pasteur Institute.
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Thermodynamics of formation of 4-aminobenzoic
acid multi-component crystals

Drozd K.V., Manin A.N.

G.A. Krestov Institute of Solution Chemistry of the Russian Academy of Sciences,
153045, Russia, Ivanovo, Akademicheskaya Street, 1

4-Aminobenzoic acid (PABA) is known as vitamin B10 and is involved in the production
of folic acid in bacteria [1]. PABA has been the subject of many scientific investigations, due
to not only its pharmaceutical and biological properties, but also its ability to form various
multi-component solid forms: salts, cocrystals, solvates, complexes with cyclodextrins and
etc. Cocrystal formation of 4-aminobenzoic acid (PABA) has been screened with a variety of
pyrimidine, pyridine and benzamide derivatives. Four new cocrystals with 6-methyluracil,
barbituric acid, 2-hydroxybenzamide, 4-hydroxybenzamide and one salt with emoxypine
have been successfully obtained from solvent evaporation experiments. All the solid forms
are characterized by X-ray diffraction and thermal techniques. Thermodynamics of formation
of PABA multi-component crystals with 6-methyluracil (6-MeUr), pyrazinamide (PyrAm)
and emoxypine (EMX) was studied using two approaches: phase solubility diagrams and
competitive reactions in planetary micromill. Phase solubility diagrams were constructed
based on the solubility data of components in buffer pH 7.4 at 293 K, 298 K, 303 K, 308 K and
313 K. The order of magnitude for PABA multi-component crystals thermodynamic stability
is [PABA+EMX]>[PABA+PyrAm]>[PABA+6-MeUr] in both used approaches.

This work was supported by the Russian Science Foundation (No. 17-73-10351)
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The effect of phenylsulfanyl (selenyl) derivatives of natural sesquiterpene
lactones on the survival of neuroblastoma SK-N-MS cells under
the toxic effect of hydrogen peroxide

Dubrovskaya E.S., Semakov A.V., Afanasyeva S.V., and Klochkov S.G.

Laboratory of natural products IPAC RAS,
142432, Russia, Chernogolovka, Severny proezd, 1

Neurodegenerative diseases, although different in nature, have common mechanisms
of cell damage. Oxidative stress plays an important role in the pathogenesis of these
diseases [1]. SPh-and SePh-derived sesquiterpene lactones of Asteracea family plants were
synthesized and their effect on oxidative stress on SK-N-MC neuroblastoma culture cells
was studied. The model of induction of neurotoxicity under the action of hydrogen peroxide
was used. Pre-treatment of cells with lactones followed by exposure to H,0, increased the
percentage of viable cells compared to control (H,O,-treated) cells. We have previously
shown that some of the investigated lactones have antioxidant properties [2].
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It has been found that the introduction of both SPh and SePh groups into the L1, L2, L19,
L20 lactones reduces their cytotoxicity. L1-SePh and L2-SePh have been shown to protect
cells when toxicity is induced by H,02, in contrast to L1-SPh and L2-SPh. L17 also protects
neuroblastoma cells as effectively as L2-SePh. The results revealed active compounds
promising for the development of effective neuroprotective agents.

This work was supported by the RFBR grant No. 18-33-00567 mol_a.
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Drug development for the treatment of epilepsy
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IScientific and Educational Center of Pharmaceutics, Kazan Federal University,
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Approximately 50 million people worldwide have epilepsy, making it one of the most
common neurological diseases globally. People with epilepsy respond to treatment
approximately 70% of the time. Epilepsy has significant economic implications in terms
of health care needs, premature death and lost work productivity. About three fourths of
people with epilepsy living in low- and middle-income countries do not get the treatment
they need [1].
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KFU-06 is a first-in-class agent for the treatment of epilepsy [2,3]. It was discovered as a
result of long-lasting project on synthesis and screening of CNS-active drugs. The mechanisms
of its action is based on inhibition of glutamatergic neurotransmission, activation of GABA
release from presynaptic neurons, and inhibition of postsynaptic GABA(A) receptors. The
drug candidate penetrates the blood-brain barrier and forms a stable concentration in brain
tissues demonstrating prolonged pharmacokinetics profile. Safety profile includes: low
acute toxicity, LD, >5000 mg/kg (mice and rats i.g.); LD, >2000 mg/kg (mice and rats i.p.);
LD,, >2000 mg/kg (rabbits i.g.); no influence on behavioral and psychoemotional status of
rats at doses up to 100 mg/kg; low neurotoxicity after i.g. administration (daily for 1 month)
at doses up to 250 mg/kg. In vivo efficacy of KFU-06 is comparable to the reference drug
(sodium valproate) in models of corazol and picrotoxin induced seizures and significantly
exceeds the reference drug in models of maximal electroshock and penicillin induced
seizures.
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Synthesis methods of 5-substituted-6-nitroazolo [1,5-a] pyrimidines -
precursors of structural analogues of Wyosine

Efimenko N.l., Lyapustin D.N., Ulomsky E.N., Rusinov V.L.

Ural Federal University named after the first President B. N. Yeltsin,
620002 Ekaterinburg, st. Mira, 19

Post-transcriptional modifications are crucial to fine-tune the interactions of tRNA
molecules with the other partners of the translation apparatus. One of the most
hypermodified nucleosides are derivatives of Wyosine - linear imidazopurines. Such tricyclic
modifications of guanosine are located in the tRNAP" anticodon loop region - the area of the
most complex modifications that require a number of enzymatic steps.

Structural analogues of Wyosine have the potential for competitive inhibition of
enzymes whose substrate is modified linear tricyclic nucleosides. Such an impact disrupts
the decoding, translation accuracy and integrity of tRNAs. Practical significance is revealed
point of view of the search for antimicrobial and anticancer drugs.
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This work presents methods for the synthesis of the precursors of azolopurins, potential
inhibitors of the enzymatic reactions of the biosynthesis of hypermodified nucleosides.

>(§_<Zm: NO X i NO. >< SMe X
X\NH _0, 2 NH,R ~N BF4N02 NHR ~NH
A e, ¥, x s v
Z7ONH, NHR

NH,
1 4

Theinitial substrateisaminoazole 1. The key to building the purine moietyis the pIacement
of nitrogen-containing functional groups in 5 and 6 positions of the azolopyrimidine. In the
framework of this work, this was achieved by nitration of the 6th position of thioanalogue
3 to obtain 5-methylthio-6-nitroazolopyrimidone 2. The leaving group was subsequently
replaced by an amine.

An alternative method is the nitration of 5-aminoazolopyrimidinone 3, however, it
should be borne in mind that the substituent at the N-atoms can be nitrated.

The results were obtained within the framework of the state task of the Ministry of education
and science of Russia (4.6351.2017/8.9).
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New express microwave-assisted synthesis of substituted 3-hydroxy-2-
oxindoles for antiglaucomic drug discovery

Efremov A.M.!, Lozinskaya N.A.>?, Ivanov V.N.!, Kurkin A.V.%,
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3Helmholtz Moscow Research Institute of Eye Diseases,
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Suzukireaction, catalyzed by Pd(dppf)Cl2 was used to obtain new 5-arylisatin compounds
[1]. Novel 3-hydroxy-2-oxindole derivatives were synthesized using the microwave-assisted
(MW) decarboxylative condensation of substituted isatins with malonic and cyanoacetic
acids. Various compounds were synthesized using MW activation for 5-10 min with high
yields (up to 98%). The binding affinity of synthesized compounds to quinone reductase
2 (possible molecular target for intraocular pressure (IOP) reduction) was analyzed using
molecular docking simulation [2]. The influence of novel compounds on IOP was studied
in vivo on normotensive rabbits. The obtained compounds were found to reduce the
IOP nearly as fine as timolol (reference drug). Moreover, hypotensive effect of selected
compounds appears to be way more long-lasting (>7 hours). Obtained results allow us to
make an assumption about high efficiency of synthesized compounds in glaucoma therapy.

HO

oo oot
w—@@

\

A: 1.K,CO; or NaOH, H,0 A X = COOH; CN

2. ArB(OH), Pd(dppf)Cl,, EtOH/H,0 A R,= H; NO,; Br; OMe

3.AcOH A R,=H; Bn

B: RCH,COOH, Et;N, MW irradiation,

dioxane. 5-10 min
References
[1] Agamennone M., Belov D.S., Laghezza A., Ivanov V.N., Novoselov A.M., Andreev | A.,
Ratmanova N.K., Altieri A., Tortorella P., Kurkin AV. ChemMedChem 2016, Vol. 11, P. 1892
— 1898
[2] Zaryanova E.V., Lozinskaya N.A., Beznos O.V., Volkova M.S., Chesnokova N.B., Zefirov
N.S. Bioorganic and Medicinal Chemistry Letters, 2017, Vol. 27, P. 3787-3793
Acknowledgments: This work was supported by the Russian Foundation for Basic Research
(Project 17-03-01320)



182 MedChem Russia 2019

Synthesis of Analgesic Active 5-Polyfluoroalkylpyrazolo[1,5-a]pyrimidines

Elkina N.A., Shchegolkov E.V., Burgart Ya.V., Saloutin V.I.
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620990, Russia, Ekaterinburg, ul. S. Kovaleskoi, 22

Pyrazolo[1,5-a]pyrimidines are promising for the creation of bioactive compounds
[1]. Their derivatives are a basis for a wide class of sedative and anxiolytic drugs. We
have developed a method for the synthesis of functionalized pyrazolo[1,5-a]pyrimidines
based on the cyclization of polyfluoroalkyl-containing 2-arylhydrazono-1,3-dicarbonyl
compounds 1, 2 with 5-aminopyrazoles 3. Moreover, the cyclization of phenyl-substituted
2-tolylhydrazinylidene-1,3-diketones 2 into pyrazolo[1,5-alpyrimidines 6 proceeded
a regioselectively, while 2-tolylihydrazinylidene-3-oxoethers 1 formed analogous
pyrazolo[1,5-a]pyrimidines 5 along with the stable 7-hydroxy-6-(2-tolylhydrazinylidene)-6,7-
dihydropyrazolo[1,5-a]pyrimidine-5-ones 4.
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An investigation of the biological properties of the obtained heterocycles demonstrated
an effective analgesic action of 5-polyfluoroalkylpyrazolo[1,5-a]pyrimidines 5 at the level of
the reference drug diclofenac and higher in the “hot plate” test on SD rats. A study of acute
toxicity in mice of the CD-1 line showed that these compounds at a dose of 300 mg/kg were
non-toxic.

This work was financially supported by the Russian State assignment AAA-
A-A19-119012490007-8.
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Study of antioxidant activity of substituted 1,3,4-6H-thiadiazines

Emelianov V.V,, Sidorova L.P., Tseitler T.A., Igdisanova D.l., Gazizullina E.R.,
Gerasimova E.L., lvanova A.V., Chupakhin O.N.

Institute of Chemical Engineering, “Ural Federal University named
after the first President of Russia B. N. Yeltsin”, 620002, Russia, Ekaterinburg, Mira str.,, 19

In previous studies, representatives of the 1,3,4-6H-thiadiazines class, characterized by
the nature of the substituent in the provisions of the 2-and 5 - tiadiazine cycle, revealed
a combination of antioxidant, antiglycative and antihyperglycemic action, which allows us
to consider them as promising antidiabetic compounds [1]. The aim of the study was to
identify the antioxidant activity of newly synthesized substituted 1,3,4-6H-thiadiazines for
further selection of screening leaders in the experiment to assess the antidiabetic effect.

Investigated the antioxidant properties of the group of the synthesized compounds
LT-54, LT-55, LT-56, LT-58, LT-59 (2-aminopropylmorpholino-5-aryl - and 2-aminopropyl-
morpholino-5-heteryl-1,3,4-6H-thiadiazines, dihydrobromides), as well as compounds L-17
and LT-61 (2-morpholino-5-aryl-1,3,4-6H-thiadiazines, hydrobromides) in vitro to predict
their action in the body in conditions of oxidative stress.

L-17  LT-61 LT-54 LT-55 LT-56 LT-58 LT-59

The redox properties of the compounds were studied in the pH=5-7 range. The method
of cyclic voltamperometry of electrochemical activity was not registered in the entire pH
range. However, activity with respect to the non-radical nature oxidizer potassium hexa-
cyanoferrate (Ill) showed L-17, LT-59, LT-61 at pH=5-6. Antioxidant capacity of compounds
decreased in the series LT-61>L-17>LT-59. Half-conversion periods (rl/z) of these compounds
amounted to 40-50 minutes, which is much higher than T, of natural antioxidants and could
be of interest from the point of view of their prolonged action.

Thus, the results of the study allow us to recommend the compounds LT-61, L-17, LT-59

from the class of substituted 1,3,4-6H-thiadiazines for further study of antidiabetic activity.
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Influenza virus is a cause of severe respiratory disease, which often results in dangerous
health complications. Due to the characteristics of the viral genome, the virus is of high
variability, which ensures the rapid development of resistance to clinically available anti-
influenza drugs. As the consequence, there are annual epidemics of influenza that ending
up with number of victims. Therefore, the study and search for new antiviral drugs is one of
the most important tasks for scientific community. To complete this task, at primary stages
of drug development the screening of libraries of chemical compounds in vitro is used.

The aim of the research was to study the anti-influenza activity of new compounds of
the azolo-azine class.

The study was made in vitro on MDCK cell culture (Madin Darby canine kidney) using
influenza A / Puerto Rico / 8/34 (HIN1) virus.

Infectious titer of the virus was evaluated in the presence of the compound in a range
of concentrations: from 300 to 3 pg/ml. Cytotoxicity of each compound was evaluated
using the methyltetrazolium test (MTT). Antiviral activity of the substances was evaluated
using virus titration followed by its detection in the hemagglutination reaction with chicken
erythrocytes. Based on the obtained data, values of 50% cytotoxic dose (CC, ), 50% effective
concentration (EC, ), selectivity index (the ratio of CC_ to EC ) were calculated for each
compound. A compound was considered promising if the selectivity index value was higher
than 10.

Among 32 compounds under investigation, 13 promising compounds were identified.
Most of these substances appeared non-toxic in vitro at the studied concentrations (CC, >300
ug/ml). The effective concentrations have been also calculated, for active compounds they
were 3-25.2 pug/ml. Based on these data, we calculated the selectivity indices, which lay
down between 11.3 and 57.1. That indicates a high selectivity of compounds and therefore
one can call these compounds promising. Further research of given azolo-azine derivatives
in in vivo systems is needed.

Thus, azolo-azines are a promising group of drugs and further development and research
of compounds is required. It is also necessary to study toxicity and anti-influenza activity of
given compounds using other strains of influenza virus and in vivo systems.
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The cause of many diseases of humans and animals are free radicals. Protection against
free radicals is provided by the antioxidant system of the body. However, in modern practice,
antioxidants are widely used for neutralization of free radicals and protection of the cell from
oxidation.  2-[5-(Aryl)-6-R-3-phenyl-5,6-dihydro-4H-[1,2,4,5]tetrazin-1-yl]-benzothiazoles
were synthesized by alkylation of corresponding formazanes [1]. These comoundes are
easily oxidized, therefore, they may be of interest as antioxidants.
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Antioxidative activity of the obtained compounds was determined by the DPPH
antioxidant assay. The best results were obtained for the tetrazines with F or MeO
substituents in the aromatic fragment in the 5 position of tetrazine ring, because of donor
mesomeric effect of these groups. Replacement of the hydrogen in 6 position of tetrazine
ring decrease the antioxidative activity.

The work was carried out in the framework of the project of the state task AAA 19-
119011790130-3 using the equipment of the Center for collective use «Spectroscopy and
analysis of organic compounds»
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Prenylated phenols form a group of natural compounds that are related to substances
of conjugated biosynthesis - meropenoids. Prenylphenols are involved in many biological
processes and show a wide range of pharmacological activity. However, their content in
natural raw materials is insignificant, and their production is often labor-intensive and
very costly. Therefore, the development of methods for the analogues synthesis of natural
biologically active compounds is an important area of research.

We have developed selective methods for the synthesis of 2,2-dimethylbenzopyranes,
mono- and diprenylphenols based on monatomic phenols and dihydroxybenzenes. An
initial assessment of the toxicity, membrane-protective and antioxidant activity of the
synthesized compounds on the model of oxidative hemolysis of erythrocytes (in vitro) has
been carried out. It has been established that the activity of the studied phenols varies in
a wide range and significantly depends on the structure of the molecule. According to the
set of indicators, compound 1 has shown the highest activity. The antiradical activity (ARA)
has been studied in a test with diphenylpicrylhydrazyl (DPPH). The largest ARA has been
detected for chroman 2 and prenylphenol 3 [2, 3].

OH
HO =

OH
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The importance of the development of the methods for synthesis of non-natural
nucleosides is conditioned by the constant need to find new means of dealing with
dangerous and infection diseases above all. Structural analogues of natural nucleosides are
active against the simplex virus of herpes, varicella-zoster viruses, cytomegalovirus, hepatitis
B viruses and human immunodeficiency viruses. In this respect, an interesting example of
the synthesis of non-natural nucleosides is the use of the nitrogenous base in the form of
triazolo[1,5-a]pyrimidines that proved themselves to be the structures of wide spectrum of
beneficial biological effects.

Thus, the development of the methods of synthesis for triazolo[1,5-a]pyrimidine-based
derivatives of nucleosides is an important scientific task.

To make the synthesis of nucleoside derivatives glycosylation by the method of
Vorbruggen [1] was used in this paper. This approach involves the interaction of glycoside
with a suitable silylated base in the presence of Lewis acids.
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As a result, a method for synthesis of nucleosides 3, 4 in the presence of tin tetrachloride
as Lewis acid and BSTFA as a silylation agent was developed and an approach to the synthesis
of triazol [1,5-a]pyrimidines-based non-natural nucleosides was introduced.
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The design of new usnic acid derivatives as Tdp1 inhibitors
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Developing inhibitors for DNA repair enzymes is a promising approach to improve
anticancer therapy, in particular for drug-resistant tumors. Tyrosyl-DNA-phosphodiesterase
(Tdp1) plays an important role in the repair of DNA damage produced by the action of
anticancer drugs, for example, drugs of the camptothecin group, which makes it a promising
target in the treatment of cancer.

The major metabolite of lichens, usnic acid, belonging to polyphenols, exhibits antiviral,
antibiotic, anti-cancer properties in addition to the antioxidant properties of phenols [1].
Usnic acid derivatives, modified both by ring A and ring C of the natural compound, have
shown themselves to be effective Tdp1 inhibitors acting in the concentration range 107-
10® M. We have synthesized new derivatives of usnic acid, modified simultaneously in two
positions by introducing substituents that previously led to an increase in the inhibitory

activity.
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It was shown that the synthesized compounds have inhibitory activity against Tdp1 in
the concentration range of 0.15 - 1 uM, which is comparable with the activity of compounds
modified in ring C.
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modified by an integrin-active RGD peptide
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Bifunctional molecules were obtained by conjugating of amino acid bisphosphonates
(synthesized on the base of B-alanine, y-aminobutyric acid and e-aminocaproic acids) with
N-maleimido-succinimide linkers - BMPS, EMCS, followed by the introduction of RGDC
tetrapeptide by Michael’s reaction.
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The obtained compounds were deposited on PEO-modified Ti surface by physicochemical
adsorption from solutions. A significant decrease in the adhesion and proliferation of
mesenchymal stem cells was observed in the case of long-chain derivatives containing
the EMCS linker, as well as RGDC-BMPS-¢g, while the short-chain RGDC-BMPS-B and RGDC-
BMPS-y did not lead to a statistically significant decrease in cell activity on surface. A
significant (30%) increase in fibroblast adhesion was observed when using organic coatings
RGDC-BMPS-B and RGDC-BMPS-y. Samples coated with RGDC-BMPS-B provided the best
adhesion of human osteosarcoma osteoblasts MG-63.

This work was financially supported by the Russian Foundation for Basic Research (Grant No.
17-03-01042a)
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An effective approach to the synthesis of azolo[1,5-a]pyrimidines
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Azoloannelated pyrimidine is a promising scaffold which numerous applications in
medicinal chemistry. In a recently published review by Killian Oukoloff et al. [1] present
examples of using compounds that include triazolo[1,5-a]pyrimidine moiety as antiviral,
antibacterial, antiparasitic, antitumor agents and other applications.

A large number of azolopyrimidines exhibiting biological activity contain a substituted
amino group in the 7th position. However, the general procedure for the synthesis of such
structures involves undesirable chlorine deoxygenation stage. At the same time, there are
very few examples of the preparation of azolopyrimidines containing a primary amino group
followed by modification [2].

The data given above make the development methods for the synthesis of
azolopyrimidine-7-amines relevant. So the interaction of the corresponding aminoazole
with commercially available 3,3-diethoxypropionitrile resulted in obtaining key compounds
3a-h with good yields. Interestingly, the interaction of aminotriazoles 1a,1b and 1h led to a
mixture of products azolo[1,5-a] and azolo[4,3-alpyrimidines. Subsequently, the resulting
mixture undergoes Dimroth’s rearrangement under the basic conditions, which leads to the
complete conversion of the mixture to azolo[1,5-a]—pyrimidine.
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.a: X=CH, Y=N;1b: X=C-SMe, Y=N; base
c: X=C—CF3’Y=N; 1d: X=N, Y=N;

.e: X=CH, Y=C-COOETt;1f: X= C-Thienyl, Y=N;
-g:X=C-Furyl, Y=N; 1h: X=C-CHj, Y=N
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Investigation of the rate of Miramistin release from gel-forming wipes
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Miramistin has antifungal, antimicrobial, and local immunoadjuvant effects. Miramistin
is widely used in medical practice in various dosage forms, both for systemic action and for
local therapy. One of the promising dosage forms of Miramistin for local anti-inflammatory
therapy is hydrogel wound coverings. The purpose of this work is to compare the release
profiles of Miramistin from hydrogels based on cellulose phosphate and the injectable form
of Miramistin.

To determine the speed of Miramistin release, a quantitative analysis of Miramistin in
hydrogels was developed using the HPLC method, which within the range of 0,018-0,033
mg / ml meets the acceptance criteria for validation characteristics: specificity, accuracy,
precision and linearity.

Analysis of the kinetic profiles of the release of active substances into the external
solution indicates that the release process consists of two stages. The first phase of the
process lasts 15 to 30 minutes, it is characterized by the highest rate of release of active
substances, which is determined by the diffusion of Miramistin molecules from the surface
of the polymer carrier. During the next period, the release proceeds to the second stage,
characterized by almost constant speed. At this stage, unlike an aqueous solution, the release
of Miramistin from cellulose phosphate hydrogel is observed over a much longer period:
in 24 hours, the total amount of released Miramistin is only 54.4%, i.e. the antimicrobial
substance is desorbed from the hydrogel not only at a much lower rate, but also to a lesser
extent. Thus, the prolonged release of Miramistin is determined by slow diffusion due to
the electrostatic interaction of the active substance with the phosphoric acid groups of the
hydrogel wound cover.
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In recent years the range of therapeutic methods in oncology has been supplemented
by the sonodynamic therapy. This method consists in exposing a tumor to an ultrasound
of medium intensity in the presence of special substances — sonosensitizers — previously
introduced into it.

The mechanism of sonodynamic destruction remains debatable. The main destructive
factor is believed reactive oxygen species arising from the ultrasonic effect on the medium
containing the sensitizer and molecular oxygen. In this case, the generation of reactive
oxygen species, in turn, is associated with acoustic cavitation. However, there are other
possibilities. In particular, a decrease in both the strength of cell membranes and the
cavitation strength of the medium after the introduction of a sensitizer, which can lead to
destruction of tumor tissue by cavitation events.

In the present work the sonosensitizing effect of two phthalocyanine derivatives —
octa sodium salts of cobalt octacarboxyphthalocyanine (teraftal) and zinc
octacarboxyphthalocyanine — was evaluated. The evaluation was carried out in aqueous
solution, on bacteria, cells and experimental animals. The generation of reactive oxygen
species in aqueous solutions was evaluated by extraction spectrophotometry. It was shown
that in the presence of the above-mentioned phthalocyanine derivatives the generation
of reactive oxygen species increases. In experiments on cells, bacteria and animals the
introduction of these phthalocyanines leads to an increase in the destructive action of
ultrasound. Thus, the combined effect of ultrasound and teraphthal on the tumors of
experimental animals leads to a significant inhibition of their growth — up to 2-3 times
compared with the control.

Thus, teraftal and octa sodium salt of zinc octacarboxyphthalocyanine may be promising
sonosensitizers in the sonodynamic therapy of cancer.

The research was carried out with the financial support of the Russian Foundation for Basic
Research, grant 18-08-01197.
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Design of new bioactive 4-trifluoromethyl-6-alkyl(aryl)-pyridin-2-ones
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2-Pyridones are an important group of heterocyclic compounds, and their derivatives
are successfully used in medicine. For example, the 2-pyridone core present in the drugs
Amrinone, Milrinone, used for the treatment of cardiac failure [1], in the antimycotic agent
Cyclopirox [2], in the antiepileptic drug Perampanel [3], in the memory-enhance alkaloid
Ricinine [4] and the cytokine inhibitor Pirfenidone [5].

We have found a new approach to trifluoromethyl containing 2-pyridones. It was shown
that the three-component reaction of polyfluoroalkyl-3-oxo esters 1, methyl ketones 2 and
1,2-diamines 3 resulted in the formation of hexahydroimidazo[1,2-a]pyridin-5-one 4 [6].
Under dehydration, both the water molecule elimination and imidazolidine cycle opening
proceeded to give 4-trifluoromethyl-6-alkyl(aryl)pyridin-2-ones 5-7. Pyridones 7 with an
ethyl or butyl substituent at the 6-position were found to have high tuberculostatic in vitro
activity against Mycobacterium tuberculosis H,Rv, M. avium, M. terrae and MDR strains
(MIC =1.5 ug/mL). In addition, the phenyl-substituted analogue showed moderate analgesic
activity in the in vivo hot plate test.
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One of the key mechanisms of cancer cell resistance to the therapy is the release of the
active substance from the cell as a result of its binding to P-glycoprotein. Even in the case of
tumors that are initially sensitive to the therapy, hypertrophy of this mechanism can lead to
remission with the formation of chemoresistant cells.

Modern P-glycoprotein inhibitors do not have their own therapeutic effect; they can be
used only in the combination with drugs of a different targeting.

In the present work, we discuss the possibility of developing a drug that combines
properties required for the parallel activation of two mechanisms impaired in tumors: a) the
introduction of agents into the cell due to P-glycoprotein inhibition and b) reactivation of
pro-apoptotic p53 protein.

Inhibitors of p53-Mdm2 protein-protein interaction are used as the basis since the p53
activity is suppressed in tumors of various etiologies as a result of overexpression of the
Mdm?2 protein that binds it. The rigid spatial structure of binding sites of the protein allows
rational design of inhibitors based on the pharmacophore hypothesis, reflecting the key
interactions of the p53 alpha helix with the Mdm2 hydrophobic cavity.

The activity towards P-glycoprotein is noted for several Mdm2 inhibitors, and the analysis
of known inhibitors suggests that a unified pharmacophore hypothesis can be developed for
them. The study of the spatial structure of P-glycoprotein allowed us to identify potential
binding sites for inhibitors, and docking of the library of candidates using the identified
sites allowed us to reveal compounds that are optimal in terms of “p53 reactivation —
P-glycoprotein inhibition”.

This work was supported by the Russian Science Foundation (project no. 16-13-10358).
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Grigorkevich 0.S.%, Mokrov G.V.}, Kryzhanovskii S.A.?, Stolyaruk V.N.?,
Tsorin 1.B.2, Gudasheva T.A.!
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Matrix metalloproteinases 2 (MMP-2) and 9 (MMP-9) (gelatinases) [1] belong to the
family of zinc-dependent endopeptidases and play an important role in postinfarction
myocardial remodeling, participating in the degradation of collagen chains [2]. In the study
of patients with myocardial infarction (Ml), an increase in the concentration of MMP-2 and
MMP-9 in the blood was detected after 24 h and 6 months after Ml [3]. It is believed that the
activity of MMP-2 and MMP-9 plays a major role in undesirable changes in the tissues of the
cardiovascular system, and the prognosis of early post-infarction heart remodeling depends
on the level of their activity in the ischemic myocardium [3]. In this regard, the development
of new potential selective inhibitors of MMP-2 and MMP-9 is relevant.

The new MMP-9 inhibitor 1-({4-[(4-chlorobenzoyl)amino]phenyl}sulfonyl-L-proline (AL-
828) was designed on the basis of these structural requirements for selective gelatinase
inhibitors. For a theoretical assessment of the viability of the proposed compound as an
inhibitor of MMP-9, molecular docking was performed (Glide software (Schrodinger, Inc.))
and the theoretical IC, = 4*10° M was calculated. The compound AL-828 was synthesized
from 4-chlorobenzoyl chloride, aniline, chlorosulfonic acid and L-proline in 3 stages with
a total yield of 50%. The pharmacological activity of AL-828 was studied by using a model
of acute myocardial infarction induced by ligation of the left coronary artery. MMP-9 was
established using the “sandwich”-method of enzyme-linked immunosorbent assay (“Chem
Well 2910 Combi”, RMP900 kit for R & D Systems, USA). The only FDA-registered inhibitor
of MMP-9, doxycycline-the tetracycline antibiotic was used as a comparator drug [4]. The
compound AL-828 at the dose of 20 mg/kg/day orally under conditions of acute myocardial
infarction produced a significant decrease in the blood of rat MMP-9 level from baseline.
This compound was as active as reference compound doxycycline. The compound has low
toxicity, LD, = 398.8 mg/kg.

Thus pharmacologically active MMP-9 inhibitor, 1-({4-[(4-chlorobenzoyl)amino]phenyl}
sulfonyl-L-proline (AL-828), which can be basis for drug development for the treatment and
prevention of postinfarction myocardial remodeling was obtained.

This work was supported by the RFBR grant No. 18-015-00244.
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The concept of novel drug releasing system with feedback function based
on inorganic-organic hybrid material
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Design of novel drug delivery systems is vital important task of modern biotechnologies.
At that, there are many bioactive molecules (BAM) have to be administrated into the human
body by the longwise period: hormones, some proteins (insulin e.g.), chemotherapeutical
agents etc. These longtime-drug-releasing systems (LDRS) allow to decreasing the toxicity
action and some side effects, which could occur in case of traditional tablets carrying the
too high concentration of BAM. In context, new LDRS with possibility to control the residual
concentration of drug is suggested based on the giant polyoxometalates (POM) Keplerates
Mo, ,Fe, or Mo, ., and polyallylamine (PAA) grafted with xanthene dye (rhodamine B, RhB).
Due to the electrostatic and van-der-Waals interactions and H-bonds, the POM could be
conjugated with different BAM as universal drug-carrier [1]. The embedding of POM-BAM
conjugates into the polymer network, cross-linked with glutaraldehyde (GLUA), would
be realized through the electrostatic interaction with dye (RhB), which fluorescence is
dramatically quenched at the POM presence [2]. During the POM destruction under the
physiological pH (7.2-7.4), the BAM releasing occurs, and RhB fluorescence recoveries.
Thus, presented LDRS can be used as subcutaneous implant with function of monitoring the
pharmacokinetic on-line.
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Chiral palladium complexes with terpene ligands:
synthesis and biological activity
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Metal complexes with a variety of chiral ligands are widely studied as promising
therapeutic substances [1]. However, despite the huge variety of synthesized and described
terpene-containing ligands and metal complexes based on them, their biological activity has
not been practically studied.

This paper discusses the synthesis of various types of chiral palladium complexes - with
cyclometallated ligands (1), N,N-bidentate chelating ligands (2) and N,N,O-tridentate salen
type ligands (3) [2,3]. As examples, complexes based on imines of the pinane series are giv-
en. The corresponding amines and imines of the pinane and bornane series and palladium
complexes based on them were obtained.

Positive results of antimicrobial and antifungal activity of the synthesized palladium
complexes were obtained. Tests were performed in vitro on the main ESCAPE pathogen
strains based on The Community for Open Antimicrobial Drug Discovery (Australia). Activity
was determined by inhibition of the growth of cells of five species of bacteria (Escherichia
coli, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and
Staphylococcus aureus) and two species of fungi (Candida albicans and Cryptococcus neo-
formans). 1t was established that all the studied complexes have antimicrobial activity
against Staphylococcus aureus (inhibition zone 82-96%), Candida albicans (inhibition zone
97-100%) and Cryptococcus neoformans (inhibition zone 81-98%).

References

[1] Y. Cheng, Y. Qi, Anti-Cancer Agents in Medicinal Chemistry. 2017, 17, 1046-1069

[2] Y.A. Gur’eva, I.N. Alekseev, I.A. Dvornikova, O.A. Zalevskaya, A.V. Kuchin, Inorg. Chim. Acta. 2018,
477, 300

[3] Y.A. Gur’eva, I.N. Alekseev, A.V. Kutchin, O.A. Zalevskaya, P.A. Slepukhin, Russ. J. Org. Chem. 2016,
52,781



198 MedChem Russia 2019

Novel [1,4]-benzodiazepine derivatives as potential anticancer agents

Gusev D.V., Medvedeva L.A., Yakunina N.G., Barmashov A.E., Borisova L.M.,
Kiseleva M.P., Polyakov A.l., Pugacheva R.B.

N. N. Blokhin Russian Cancer Research Center, Ministry of Health of Russia;
24, Kashirskoe shosse, Moscow, 115478, Russia

Recently the interest in [1,4]-benzodiazepine derivatives as components of potential an-
ticancer drugs has increased significantly. This is due largely to the ability to form the anti-
body- drug conjugates for the targeted drug delivery [1].

A number of derivatives of [1,4]-benzodiazepines with a positive computer forecast was
synthesised by the four-component Ugi reaction. All compounds contain reactive functional
groups which are suitable for further chemical modification in order to obtain the original
biologically active compounds. Structures of all obtained compounds have been confirmed
by the spectral analysis.
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A quantitative forecast of the profiles of antitarget interaction of chemical compounds
was carried out using the GUSAR software (http://www.way2drug.com/gusar/antitargets.
html). In this work materials collected by PhD Apryshko G.N. were also used. In the preclini-
cal study of the compounds, the MTT-test on 9 lines of tumor cells and transplanted tumors
of mice from the bank of tumor strains of N. N. Blokhin Russian Cancer Research Center
of Ministry of Health of Russia (P-388 lymphocytic leukemia and epidermoid lung carcino-
ma Lewis LLC) were used. The obtained results demonstrate the activity of the synthesized
[1,4]-benzodiazepines with the prospect for further research.
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Rational design of novel tyrosyl-DNA phosphodiesterase 1 inhibitors as
promising antitumor agents
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Inhibitors of DNA repair enzymes such as tyrosyl-DNA phosphodiesterase 1 (TDP1)
may be applied in antitumor treatment for overcoming the resistance to traditional DNA-
damaging chemotherapy [1]. TDP1 cleaves stalled complexes, caused by irinotecan and
similar drugs, where a tyrosine side chain of topoisomerase is covalently attached to a DNA
strand. The TDP1 catalytic cycle offers two potential therapeutic strategies: (1) the inhibition
of the first step to prevent phosphoryl transfer and (2) the inhibition of the second step
to prevent the hydrolysis of the phosphohistidine intermediate [2]. We have constructed
molecular models to be used in virtual screening for potential TDP1 inhibitors: the apo
form, the enzyme-substrate complex, and the intermediate with catalytic His263 covalently
bound to the substrate’s oligonucleotide. Analysis of the enzyme-substrate complex allowed
us to identify the interactions crucial for competitive inhibition, and to reveal sulfonate-
based compounds that can effectively interact with the apo form by hydrogen bonding with
Lys265, Lys495, and other amino acid residues in the oligonucleotide’s phosphate group
binding sites. The Lead Finder program [3] and an in-house post-docking structural filtration
algorithm were used to select compounds meeting the specified structural criteria. Also,
we modeled the poses of recently discovered TDP1 inhibitors — usnic acid derivatives —and
demonstrated their ability to bind to the TDP1 intermediate. They occupy a cavity adjacent
to the active site and may affect its conformation, thus disrupting the reactive orientation of
the intermediate phosphohistidine moiety and the nucleophilic water molecule.

The work was supported by RFBR (grant Ne 18-315-00389).
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Multifunctional mesoporous silica nanoparticles as a platform for drugs
and diagnostic purposes
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Nowadays various nanostructured materials are used in different branches of industry
and biotechnologies, including biomedicine for diagnostics and therapy. Optimized
combinations of nanostructured compositions allow of designing the patient-friendly
multifunctional platforms for the reduction of undesirable medicamental impact, decrease
therapeutic dose of drug and frequency of its administration. Among various nanoscaled
materials special attention is focused on mesoporous silica due to its unique structural
features: large specific surface area, tunable size of pores, nontoxicity, high bioavailability
and capability to biodegradation by microorganisms.

Presented investigation is devoted to the application of systems based on mesoporous
silica of MCM-41 type and the amphiphile bearing triphenylphosphonium head group
and hexadecyl hydrophobic tail (TPPB-16) as a platform for drug delivery and diagnostic
purposes. Rhodamine B was selected as a model cargo for encapsulation in fabricated silica
nanoparticles. Structural characteristics of non-modified MCM-41 and mesoporous silica
noncovalently functionalized by TPPB-16 loaded with Rhodamine B were examined. Using
dynamic and electrophoretic light scattering techniques it was shown, that modification
of MCM-41 by TPPB-16 results in decrease of hydrodynamic diameter from 175 nm to 100
nm and shift of zeta potential from -40 mV to -5.5 mV. Using spectrophotometry technique
guantitative encapsulation of model cargo in modified nanoparticles was demonstrated.
Anticancer effect of fabricated nanoparticles has exhibited in terms of cytotoxic activity
against M-Hela cell lines, while bioavailability and harmless toward healthy cells were tested
(less than 10 % hemolysis at 63 pug/mL concentration).

This work was financially supported by Russian Science Foundation (project Ne 19-73-30012).
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Quantitative determination of the main substances
of some antiviral drugs from a number of azolo-azines
with direct square-wave voltammetry
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Voltammetry (VA) is often not inferior in sensitivity and selectivity to the HPLC method
in the analytical control of the active substance in pharmacy objects. At the same time, VA
analysis is fast, simple, inexpensive and portable, which does not require the use of toxic
organic solvents and the involvement of expensive personnel for its service.

For the first time it was established that an electrochemical activity of the new antiviral
drugs from a number of azolo-azines as Triazavirin® (sodium salt of 2-methylthio-6-nitro-
1,2,4-triazolo- [5,1-c] [1,2,4] triazine -7-it, dihydrate, TZ) and Triazid (5-methyl-6-nitro-7-
oxo-4,7-dihydro-1,2,4-triazolo [1,5-a] pyrimidine L-arginine monohydrate, TD) is caused
by electrochemical reduction of a nitro group bonded to a conjugated aromatic system.
The electrochemical reduction processes take place in the region of potentials (-0.1) -
(-0.4) V (Ep =-0.2 V, TZ) and (-0.3) - (-1.0) V (Ep = -0.6 V, TD). The presence of L-arginine
in the TD molecule as a substituent shifts the analytical signal (AC) of the Triazide to
the region of the dissolved oxygen reduction wave (-0.4) - (-1.0) V. It doesn’t allow to
obtain correct analytical information because of the superposition of two parallel flowing
electrochemical processes. For rapid (within one minute) deoxygenation of the solution,
chemical reduction of oxygen with sodium sulfite at a concentration of 1 mM was used at
a pH of 7-8.

Methods for quantification of TZ in Triazavirin® capsules and TD in its pharmaceutical
substance were developed and validated in accordance with the OFAS.1.1.0012.15. The
methods developed meet the stated acceptance criteria and can be useful for pharmaceutical
analysis and industry, including the control of technological processes.

This work was supported by the RSF Ne 17-13-01096
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Preparation of novel carriers for drug delivery
using the Ugi multicomponent reaction
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Microgels and nanocapsules developed from biopolymers are preferable over synthetic
polymers due to their biocompatibility and have been used for in vivo delivery of various
pharmaceuticals. Sub-micron particles made from polysaccharides can be ideal building
blocks for drug delivery systems. However, considerable physical and chemical modifications
including crosslinking should be made to improve the poor stability of the biopolymer
particles. Our research program is focused on the modification of polysaccharides in
aqueous suspensions, microemulsions, liposomal, micellar and microgels solutions [1].

For the preparation of novel carriers for drug delivery we explore multi-component
reactions (MCRs), which have been highly useful in the modification of polysaccharides.
Some MCRs, especially the Ugi reaction, can be accelerated up to 500-fold compared to
organic solvents by conducting them in aqueous solutions of polysaccharides. In addition,
the Ugi reaction can be applied to modification of various side groups including amine and
carboxyl [2].

We will present the novel synthesis of the cross-linked microgels of pectin and cellulose
with controlled colloidal properties (average hydrodynamic diameter in the range of
250-600 nm and polydispersity index 0.12-0.20) using the Ugi multicomponent reaction
with polyamines. In this work we used isocyanides to promote the interaction between
polysaccharides and polyamines. Microgels can be formed by the combination of mixture of
isocyanides/polyamines and formaldehyde at optimize pH and room temperature. Natural
oligomers have been incorporated inside the microgels during the synthesis.
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New potential antifungals among N- (4-oxo (tioxo) -1,3,5-triazinan-1-il)
arylamides: in silico screening
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The effectiveness of modern antifungal therapy in the treatment of fungal infections is
quite high. However, despite this fact, medicine needs new antifungal drugs. This is due to
many factors. The determining factor is the emergence of drug resistance in some species of
fungi. The present theoretical research is aimed at searching of new effective lanosterol 14
alpha-demethylase inhibitors among 5 N- (4-oxo (thioxo) -1,3,5-triazinan-1-yl) aryl amides
with structural formulas 1-5 (Fig. 1) [1]. The enzyme lanosterol 140-demethylase is present in
a wide variety of organisms, this enzyme is studied primarily in the context of fungi, where
it plays an essential role in mediating membrane permeability.

1 Ar=n-CHN, X =8;2 Ar=n-CH,0C,H,, X=8;3 Ar=m-CHN, X=8; Q ( \f
4 Ar=m-CH,0CH,, X =S; 5 Ar = 0-CH,0CH,, X = O;

Fig. 1. Structural formulas of modeled compounds.

Virtual screening was performed by molecular docking using the LeadIT 2.3.2 program
with default parameters [2]. The positioning of the ligands was performed in chain A of the
macromolecule with PDB ID 4wmz (www.rcsb.org). This macromolecule is a 3D model of the
lanosterol 14 alpha-demethylase from Saccharomyces cerevisiae that catalyze ergosterol
biosynthesis in baker’s yeast. The selection of potentially bioactive conformations of ligands
was performed using the FlexX scoring function. The radius of the sphere in the simulation
was 12 A. Its centering was performed automatically in the center of mass of the reference
ligand (fluconazole) (www.rcsb.org).

All compounds were found to have a fairly high affinity with the active center of lanosterol
14 alpha-demethylase from Saccharomyces cerevisiae. The bioactive conformations and
amino acids involved in their stabilization in the active center of the modeled enzyme were
determined for all ligands. They are promising for testing as potential antifungal agents.
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New alpha amylase inhibitors among pyrazole
and isoxazole derivatives

Akhmadiev N.!, Khairullina V.2 and Akhmetova V.*

nstitute of Petrochemistry and Catalysis of UFRC,
450075, Russia, Ufa, October Prospect, 141
2Department of Chemistry, Bashkir state university,
450076, Russia, Ufa, Zaki Validi Street, 32

Recently [1], we have shown the ability to inhibit a-amylase with sulfanyl-substituted
bis-3,5-dimethylpyrazole 1 and sulfanyl bis-3,5-dimethylisoxazole 2, as a way to reduce the
hydrolysis of carbohydrates in the intestine, preventing the development of type 2 diabetes.
The synthesis of their water-soluble adducts with HCI has been carried out.
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Using the LeadIT program, which implements the basic principles of flexible molecular
docking, the positioning of these 4 ligands (Fig. 1) in the active sites of Aspergillus niger
alpha-amylase has been studied. Molecular docking was performed with common default
docking parameters. For parameters describing protein-ligand collisions, the maximum
allowable amount of overlap was 5.0 A%. The coefficient of intra-ligand collisions with
hydrogen atoms was 0.6. As potential biologically active conformations of the tested ligands,
ligand conformations with the lowest energy were selected. By default, 50 conformations
were automatically generated for each ligand, from which the best poses were selected
using the FlexX evaluation function. The radius of the sphere in the simulation was 20 A.
Its centering was performed automatically in the center of mass of the reference ligand
(maltose) (www.rcsb.org).

It was found that all 4 ligands 1, 2, 1-HCl n 2 HCl are able to effectively inhibit the catalytic
activity of alpha-amylase. For all cases, bioactive conformations of simulated ligands were
determined. The factors stabilizing their position in the active center of this enzyme are
established.
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Copper(ll) complexes of fluorinated diketonate ligands:
synthesis and biological evaluation as potential antitumor drugs

Khamidullina L.?, Puzyrev 1.2, Burygin G.3, Khrustalev V.%3,
Dorovatovskii P.> and Pestov A.'?

Institute of Natural Sciences and Mathematics, Ural Federal University,
620002, Russia, Ekaterinburg, Mira St., 19
2Postovsky Institute of Organic Synthesis, UB RAS,
620990, Russia, Ekaterinburg, Sofia Kovalevskaya St., 22
3Institute of Biochemistry and Physiology of Plants and Microorganisms RAS,
410049, Russia, Saratov, Prospekt Entuziastov, 13
“Department of Inorganic Chemistry, Peoples’ Friendship University of Russia
(RUDN University), 117198, Russia, Moscow, Miklukho-Maklay St., 6
>National Research Centre “Kurchatov Institute”,
123182, Russia, Moscow, Acad. Kurchatov Sq., 1

The development of new anticancer and antimicrobial agents is one of the fundamental
goals in medicinal chemistry. The use of metal-based drugs presents one of the most
important strategies in the search of new therapeutic and diagnostic agents. Investigations
in this area are focused on the use of biologically active complexes formed by essential ions,
such as copper.

Recently, we have synthesized and evaluated in vitro antimicrobial activity of several
copper(ll) complexes in comparing with the parent ligands [1,2]. The MIC values towards
tested bacterial strains were in the range 64-512 pg/mL. It was shown that the biological
activity is induced by intact complexes and is not resulted from the complex decomposition
into copper(ll) ions and the free ligand.

Since any essential metal which escapes its normal metabolic pathways can be very toxic
to the organism (for example, copper in Wilson disease), complexes of such metals may
serve as effective cytotoxic agents.

Herein we report the synthesis and biological properties of copper(ll) complexes based
on fluorinated aromatic B-diketonate ligands. Antibacterial and antifungal activities of
ligands and their copper(ll) complexes were evaluated towards S. aureus, B. subtilis, E.
coli, P. atrosepticum, and C. albicans. Cytotoxic activity was tested with cultures of human
cervical epithelioid carcinoma cells (HelLa) and African green monkey normal kidney cells
(Vero) by the MTT assay.
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Novel biologically active monoterpene-containing substituted coumarins
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Monoterpenoids possess broad range of biological activities. Compounds with coumarin
moiety also demonstrate various pharmacological activities including antiviral, antibacterial
and antitumor activities. Therefore, incorporation of monoterpene fragments into the
structure of coumarins is of great interest for medical chemistry. We have synthesized
novel coumarin and monoterpene hybrids for testing their biological activity. Substituted
coumarins were prepared by the reaction of monoterpenoid bromides with coumarins
synthesized by the Pechmann condensation of resorcinol with B-keto esters.

g
HO 0_0 .0 0.0 N
- “ )\/\/k/
AT N ; 5 ;
, ) o) s
n=0-2 ~(CHa)n ~(CHo)n

New coumarin derivatives with monoterpene substituents turned out to be effective
inhibitors of Tdp1 enzyme (IC_ about 1 uM), which is important target for antitumor therapy,
in combination with low cytotoxicity (CC, > 100 uM). These compounds showed synergistic
effect in combination with known anti-cancer drug camptothecin, thus been promising as
an important component for complex anti-tumor therapy.

The antiviral activity of the synthesized compounds was studied against the pandemic
influenza virus A/California/07/09 (HIN1)pdmQ09. The compounds with a bicyclic pinane
framework exhibit the highest selectivity indices (the ratios between the cytotoxicity and
the active dose). The derivative of (-)-myrtenol, which is characterized by promising activity,
low cytotoxicity, and synthetic accessibility, has the greatest potential among this group of
compounds.

This work was supported by Russian Scientific Foundation (grant 19-13-00040).
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Targeted Search for Small Molecule Inhibitors
of p53-MDM2 Protein Interaction
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The tumor suppressor p53 protein, whose negative regulator is MDM2 E3 ligase, is
the target of studies performed at Research Laboratory of Molecular Pharmacology. Small
molecule inhibitors of the interaction of these two proteins, which allow increasing the
lifetime of p53 and regenerating its function consisting in the induction of apoptosis in
cancer cells, are at the stage of the development.

Gibbs energy, binding constant and scoring value for the studied compounds (a series of
substituted indole-2,3-diones with structural fragments of Schiff bases and Mannich bases)
are calculated during computer simulation. Since the N-terminal domain of MDM2 is labile,
the MDM2 conformation is taken into account when calculating these parameters.

A number of compounds, obtained from computer simulation, that meet certain
requirements are synthesized and studied in the cell model (modified human osteosarcoma
cell line U20S) using the Operetta imaging system, which allows to evaluate the target
activity of the compounds, select the structures to be optimized, and identify structural
fragments with the greatest contribution to the activity of the compounds. In addition, a
number of biological experiments aimed at identifying the mechanisms of the effect of the
active compounds is carried out.

As a result of the research, a number of small molecule compounds with high target
activity were obtained, which are currently tested in vivo in Danio Rerio fish.

This work was supported by the Russian Science Foundation (project no. 16-13-10358).
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Esterase profile and antiradical activity of
3-ox0-2-(2-arylhydrazinylidene)-3-polyfluoroalkylpropanoic acids

Khudina 0.G.}, Elkina N.A.%, Shchegolkov E.V.}, Burgart Ya.V.}, Boltneva N.P.?,
Rudakova E.V.2, Makhaeva G.F.2, Saloutin V.I.*

1postovsky Institute of Organic Synthesis UB RAS,
620990, Russia, Ekaterinburg, S. Kovalevskoy/Akademicheskaya Str., 22/20
2Institute of Physiologically Active Compounds RAS,
142432, Russia, Chernogolovka, Severny proyezd, 1

We have developed the effective method for producing 3-oxo-2-(2-arylhydrazinylidene)-
3-polyfluoroalkylpropanoic acids 2a-k by dealkylation of readily available ethyl 3-oxo-2-
(2-arylhydrazinylidene)-3-polyfluoroalkylpropanoates 1a-k in refluxing dichloromethane
(1,2-dichloroethane) under the action of AIBr, as Lewis acid. The usual acid catalyzed
hydrolysis does not allow to obtain the target acids 2.

F
R 7 2 R 7 U x
N, A AN AR
o//ij[/ E AlBr3, CH,Cl,/CoH,4Cly 3)\/[/ E
N > R N
Et0” "0~ 0" o
1a-k 2a-k

RF = HCF, CF3 CF,CF,H, CoF5 CsF7 Cy4Fg X = 4-Me, 4-OMe,4-CO,Et, 4-NO, 2-CO,Et

The esterase profile was investigated for compounds 2. It was established that acids 2
do not inhibit acetylcholinesterase, butyrylcholinesterase, but have a high inhibitory activity
against carboxylesterase (when R = perfluoroalkyl substituent and X = 4-Me, 2-CO,Et) with
IC,, values in the range of 2.01x10® - 6.3x107 M. Antioxidant activity for compounds 2
was determined by their ability to bind free radicals in the ABTS-test. The acids 2 having
polyfluoroalkyl substituent and (4-methyl- or 4-methoxyphenyl)hydrazinylidene group
exhibited high antiradical activity, exceeding 1.45 - 2 times the activity of the standard
antioxidant Trolox and the known antioxidants such as ascorbic acid and pyrocatechin. For
compounds 2, a high initial rate of the ABTS" radical binding reaction (up to 75.8% after 1
minute) was observed, similar to that of Trolox, which suggests the SET-mechanism (single
electron transfer) of the antiradical action of the compounds studied.

This work was financially supported by the Ural Branch of the Russian Academy of Sciences
(grant 18-3-3-13).
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Results on medicinal chemistry research in Russian Chemical Bulletin
Konnova G.N.
N. D. Zelinsky Institute of Organic Chemistry, Moscow, Russian Federation

Russian Chemical Bulletin is the leading journal in chemistry, covering practically all areas
of fundamental chemical research including Chemistry of Natural Compounds, Bioorganic,
and Medical Chemistry. Papers on interdisciplinary topics are also accepted for publication.

The journal publishes materials containing the theoretical and experimental results of
original chemical research in the form of Full Articles, Brief Communications and Letters to
the Editor, as well as Author Reviews and Analytical Reviews on topical issues of chemical
science.

The journal is refereed and cited by all leading refereed journals, including SCOPUS and
Web of Science. Among all Russian scientific journals has the highest rate of downloads of
full-text article files. Contents, graphical abstracts, and annotations of articles are available
free on website (russchembull.ru).

In addition to the usual issues containing materials in different areas of chemical
science, the journal produces specialized issues. Specialized issues containing the articles on
materials of conferences on medicinal chemistry are published every year (see, for example
issue 5, 2019).

Editorial Board of the Journal is planning to publish the results presented at the All-
Russian Conference on Medicinal Chemistry and MOBI-Chem Pharma2019 and inviting
authors with new interesting materials to participate in the preparation of this issue.

Perfectly prepared articles are published in 4 months, for Letters to the Editor this period
is even shorter (2 months).
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The synthesis of 10-(1H-1,2,3-triazol-1-yl)pyrido[1,2-a]indoles with
pentafluorophenyl substituent

Kopchuk D.S."2, Moseev T.D.}, Varaksin M.V.%2, Zyryanov G.V."2, Khasanov A.F.%2,
Gundala S.%, Chupakhin 0.N.%?, Charushin V.N.*2

1Ural Federal University, 19, Mira St., Yekaterinburg, 620002, Russian Federation
2Postovsky Institute of Organic Synthesis of RAS (Ural Branch),
22/20, S. Kovalevskoy/Akademicheskaya St., Yekaterinburg, 620990, Russian Federation.

Derivatives of pyrido[1,2-alindoles are of interest as promising compounds for medical
chemistry. We have proposed a convenient synthetic approach to derivatives of 10-(1H-1,2,3-
triazol-1-yl)pyrido[1,2-alindoles 1 with a pentafluorophenyl substituent in position 4 of the
triazole. The synthesis is based on using the methodology for nucleophilic substitution of
hydrogen in the 3- (2-pyridyl)-1,2,4-triazines 2 and the subsequent interaction of compound
3 with the aryne intermediates generated in situ. Pentafluorophenyl lithium obtained in
situ on the basis of pentafluorobenzene was used as a nucleophile at the first stage of the
synthesis. The formation of the pyrido[1,2-alindole system occurs at the second stage as a
result of the rearrangement described by usin 2013, The introduction of a pentafluorophenyl
substituent into the triazine does not change the direction of the reaction.
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The structure of the product 1 was confirmed by the NMR H, °F, mass-spectrometry
and elemental analysis data.
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Antifungal and antiglycation activity
of [1,2,4]triazolo[1,5-b][1,2,4,5]tetrazines

Korotina A.%, Tolshchina S.%, Ishmetova R.!, Evstigneeva H.?, Gerasimova H.?,
Babkov D.3, Rusinov G.%, and Chupakhin 0.*

ILaboratory of Heterocyclic Compounds, Institute of Organic Synthesis UB RAS,
620990, Russia, Ekaterinburg, S. Kovalevskoy /Akademicheskaya, 22/20
2Scientific Experimental Laboratory Department, Ural Research Institute of
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3 Laboratory of Pharmacology of Antioxidant Agents, Volgograd State Medical University,
400131, Russia, Volgograd, Ploshchad’ Pavshikh Boytsov, 1

Azoloannulated azines are purine isosters and are of great interest for modern medicinal
chemistry as potential biologically active compounds. Derivatives of azoloannulated
1,2,4,5-tetrazines have been found to have pronounced antimicrobial activity
(1,4-dihydroimidazo[1,2-b][1,2,4,5]tetrazines), antituberculosis activity (triazolo[4,3-b]-
and imidazo[1,2-b][1,2,4,5]tetrazines), antibacterial and fungistatic action (thiazolo[3,2-b]
[1,2,4,5]tetrazines), as well as antitumor activity (triazolo[4,3-b][1,2,4,5]tetrazines and
imidazo[1,2-b][1,2,4,5]tetrazines).

By oxidative cyclization of products containing an amidine fragment 2 obtained
by nucleophilic substitution, a number of derivatives of the new heterocyclic system
[1,2,4]triazolo[1,5-b][1,2,4,5] tetrazine 3 was synthesized. Nucleophilic substitution
reactions were carry out in this system with N- and O-nucleophiles. For the synthesized
compounds, biological activity was investigated with respect to mycelial anthropophilic and
zooanthropophilic dermatophyte fungi (Trichophyton, Microsporum and Epidermophyton),
which cause diseases of the skin and its appendages (hair, nails), as well as the antiglycation
activity of these derivatives.
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This work was done with the financial support of the Russian Science Foundation
(grant 15-13-00077-P)
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Tantalum oxide nanoparticles as a perspective platform
for theranostic agent

Koshevaya E.D.!, Nazarovskaia D.A.%, Korobanova A.O.3,
Krivoshapkina E.F.*? and Krivoshapkin P.V.2

nstitute of Chemistry, FRC Komi SC UB RAS,
167000, Russia, Syktyvkar, Pervomayskaya str., 48
2SCAMT Laboratory, ITMO University, 191002, Russia, Saint-Petersburg, Lomonosova str., 9
3Departmen of Chemistry, Syktyvkar State University,
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The present work is aimed to investigate the potential of Ta,0.-based nanoparticles
for multimodal theranostic applications. Theranostics is a novel approach to create
pharmaceuticals which combine both therapeutic and diagnostic capabilities. Tantalum
oxide nanoparticles offer an excellent platform for developing multimodal theranostic agents
because they inherently possess biocompatibility, radiosensitising properties and X-ray
contrast performance. Moreover, Ta,0, is an excellent host matrice for rare-earth element
dopants giving rise to adjustable luminescent properties, including upconversion ones. This
enables to design a converter for the radical destruction of malignant cells for enhanced
radiotherapy, which at the same time offer dual imaging capabilities (luminescence and X-ray
diagnostics). An additional point is high chemical inertness that makes Ta,0, nanoparticles
safe for human organism while being non-irradiated.

It is known that such type of materials should have a narrow particle size distribution,
small size of core (up to 50 nm), stability in water and physiological conditions, as well as
low cytotoxicity. In this regard, the developing of synthesis procedure of tantalum oxide
nanoparticles, including nanoparticles doped by rare-earth elements (Eu, Er, Yb), that
satisfying the above mentioned requirements was performed. Solvothermal and sol-
gel methods were chosen as backbone synthesis techniques and influence of different
synthesis conditions on the properties of the obtained materials was investigated. The phase
composition, morphology, surface properties and thermal behavior of obtained materials
were characterized by XRD, TEM, FTIR, BET, TG/DSC. Luminescent properties of doped
nanoparticles were investigated by using mercury lamp and NIR laser as sources of excitation.
Stability and colloid-chemical characteristics of sols were studied by microelectrophoresis,
dynamic light scattering and potentiometric titration. In Vitro Cytotoxicity and In Vivo Acute
Toxicity studies were performed for the obtained materials.
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Ligands of Sig1R on the basis of quinolizidine alkaloid (-)-cytisine
Koval’skaya A.!, Petrova P.!, Borisevich S.!, Tsypysheva I.! and Vakhitova Yu.?

1Ufa Institute of Chemistry UFRS RAS, 450054, Russia, Ufa, prospect Octyabrya, 71
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Based on the amino, halo and formyl derivatives of quinolizidine alkaloid (-)-cytisine
novel potential ligands of the Sigl receptor (it takes part in regulation of various central
nervous system functions) with aromatic/heteroaromatic substituents at 3, 9 and 11 carbon
atoms of starting molecules were synthesized.

hetaryl;
R'=Me, All,
Bn. (CO)R?,
(CO)NHR?

o 15 o o 16

Reagents and conditions: a) RNCO, benzene, 80 °C, 48 h.; b) RNCS, benzene, 80 °C, 48 h. c) C,H.CHO,
benzene, 80 °C, 12 h.; NaBH,, MeOH, 0 °C, 1 h; d) R(CO)Cl, Py, 20 °C, 2 h; e) PdCl,(PPh_), RB(OH),
NaZCOy toluene, EtOH, HZO, 80 °C, 16 h.; f) R(CH:CHZ), Pd(OAC)Z (o—To/)sP, NaZCOg, DMF, Ar, 120 °C, 10
h.; g) Pd/C, H, MeOH, 20 °C, 8 h.; h) R(C=CH), PdCL,(PPh.),, Ph.P, Cul, Et,N, toluene, Ar, 110 °C, 8 h.; i)
RCOCH,, NaOH (10%), H,0, 20 °C, 5 h.; j) [Ph,PRCH,J+Br -, NaOMe, MeOH, 20 °C, 1 h.

Ability of synthesized compounds to interact with the 5NK1 active site of SiglR
(reference ligand — agonist PD144418) was evaluated in silico using the software package
Schrédinger Suite 2018-4: QipProp, version 4.2 (Schrddinger, LLC, New York, NY, 2018). The
most perspective compounds (derivatives of 4-oxo-3-N-benzylcytisine with substituents in
the 11 position of starting molecule) were revealed; their neuroprotective properties were
proved in vivo.

This work was supported by RFBR, project No 18-03-00153_a.
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Conjugates of tacrine and its cyclic homologues with
p-toluenesulfonamide as novel cholinesterase inhibitors
and antiaggregants

Kovaleva N.V.}, Proshin A.N.}, Lushchekina S.V.*?, Boltneva N.P.}, and Makhaeva G.F.*

Institute of Physiologically Active Compounds RAS,

142432, Russia, Chernogolovka, Severny proezd, 1

2N.M. Emanuel Institute of Biochemical Physics RAS,
119334, Russia, Moscow, Kosygina Str., 4

New hybrid compounds of tacrine and its cyclic homologues (n=1-4) with
p-toluenesulfonamide, combined by spacers of different lengths (m=3-5) (2), were
synthesized and their biological activity was studied with the aim of searching for the new
multifunctional drugs to the treatment of Alzheimer’s disease.
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It was shown that the compounds 2 effectively inhibited acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) with predominant inhibition of BChE (IC, =29-470 nM) and also
displaced propidium from the peripheral anionic site (PAS) of E.eel AChE. At the same time,
they exhibited very low potencies against carboxylesterase (CaE), thus precluding potential
drug-drug interactions arising from CaE inhibition.

The characteristics of the efficiency and selectivity of cholinesterases inhibition by the
compounds 2, as well as their ability to bind to the PAS of AChE and to block AChE-induced
B-amyloid aggregation were confirmed by the results of molecular docking.

The study shows the promise of the hybrid compounds based on tacrine derivatives
with p- toluenesulfonamide for further optimization as potent multitarget agents for the
treatment of Alzheimer’s disease.
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Synthesis and in vitro anti-tuberculosis activity of
2-aminomethylidene-3-oxo esters

Kudyakova Y.S., Bazhin D.N., Burgart Ya.V., Saloutin V.I.

Postovsky Institute of Organic Synthesis UB RAS,
620990, Russian Federation, Yekaterinburg, 22 S. Kovalevskoy str.

Tuberculosis (TB) is a global public health problem [1]. An increase in drug-resistant
strains of Mycobacterium tuberculosis has stimulated the search for new anti-TB drugs.
Based on the reactions of 2-ethoxymethylene-3-oxo esters with mono- and diamines, we
have synthesized a number of amino-derivatives, which exhibited inhibitory properties
against Mycobacterium tuberculosis H, Rv strain. The examples with high level of anti-M.
Tuberculosis activity (MIC < 3.1 pg/mL) are shown below.
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MIC - min inhibitory concentration, pg/mL; Reference drug Isoniazid, MIC = 0.15 pg/mL
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Conjugates of phenylpropanoic acid
and terpenoids as potential FFA1 agonists

Kuranov S.}, Luzina O.! and Salakhutdinov N.*?
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Diabetes mellitus type 2, representing over 85% of diabetes cases, is a progressive
disease characterized by insulin resistance resulting in insufficient insulin action.

One of promising target is free fatty acid receptor 1 (FFA1), also known as GPR40, whose
activation leads to increase of insulin secretion. The insulinotropic effect being glucose-
dependent, FFA1 agonists have the therapeutic potential to treat diabetes with a low risk of
hypoglycemia [1].

Phenylpropanoic acid derivatives were shown to be potent FFA1 agonists. Earlier, we
have synthesized the series of compounds combining phenylpropanoic acid scaffold with
bulky nature-derived amines. Among them, camphor-based compound shows the better
results in in vitro and in vivo tests. In order to further optimization, we have developed
different approaches to the synthesis of phenylpropanoic acid derivatives bearing
terpenoid’s moieties.
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INFLUENCE OF AMPHIPHILIC POLYMER - PLURONICS
F-127 ON THE ACTIVITY OF SOLUBILIZED CONJUGATES OF
PYROPHEOPHORBIDE a
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Orekhovich Institute of Biomedical Chemistry,
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In recent years, to improve the efficiency of photodynamic therapy (PDT) of malignant
neoplasms, photosensitizers (PS) modify biologically active molecules that increase the
affinity of PS to certain cells and tissues [1]. In this work, we studied the photosensitizing
activity in the generation of singlet oxygen 'O, (playing the role of an active agent in PDT)
hydrophobic PPS - steroid conjugates of pyropheophorbide a (PPa) containing testosterone
(PPT) and dihydrotestosterone (PPdT), as well as isomers of PPT with a lipophilic fragment —
hexadecylamine (PPTH —1,11), solubilized with non-toxic polymeric surfactant - pluronic F-127
in the model photooxidation reactions of tryptophan in water and anthracene in chloroform
[2]. Previously it was shown that PSs modified with testosterone and dihydrotestosterone
molecules have affinity for androgen-dependent cancer cells — prostate carcinoma cells
[3]. It was shown that Pluronic has little effect on the effective rate constant k_, for all
conjugates in the reaction of photooxidation of anthracene in chloroform (a test reaction
for determining PS activity in 'O, generation). At the same time, the k . value increases
with increasing polymer concentration in the model reaction photooxidation tryptophan in
water in the presence of solubilized substituted pyropheophorbides. The observed effects
are associated with the disaggregation of PS molecules due to the formation of the Pluronic
F-127-PS complex. The obtained regularities of k . changes are confirmed by electron and
fluorescence spectroscopy data. Thus, the process of solubilization by Pluronic makes it
possible to obtain watersoluble forms of modified PS which they are active in photooxidation
and generation of '0,.

This work was supported by the Russian Foundation for Basic Research (project 17 -02
-00294) and within the government assignment (topic V. 46.14, Ne 0082-2014-0006).
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Synthesis and biological activity of 3-alkylamino-5-trifluoromethylphenols

Kushch S.0., Goryaeva M.V., Burgart Ya.V., Khudina O.G. and Saloutin V.I.

Postovsky Institute of Organic Synthesis UB RAS,
620990, Russia, Yekaterinburg, S. Kovalevskoy St., 22

The development of 3-aminophenols synthetic methods has significant potential,
because biologically active compounds [1] and selective fluorescent chemosensors [2] were
found among them. We proposed a new approach to 3-alkylamino-5-polyfluoroalkylphenols
5 based on the dehydration of the aminocyclohexenones 4. The products 4 were prepared
by one-pot three-component cyclization of polyfluoroalkyl-3-oxoesters 1, methyl ketones
2 and monoamine 3 [3]. Synthesized 3-alkylamino-5-polyfluoroalkylphenols 5 exhibited
moderate antifungal activity against eight pathogenic fungal strains. The presence of a CH2
group in the alkylamino residue at position 3 of compound 5 has an effect on antimycotic
activity. The further variation of an alkylamino substituent in phenols 5 implies a promising
route to anti-fungicidal agents.
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RF= HCF, CF3 H(CFy), CoF5 CaF7; R'= H, Me, Pr; R?= H, R®= ¢-C3H5 ¢-CgH1qq, CgHq7, C1aHas,
(CH5),N(Me),, CHoPh, CHyCgH4F, CH,CgH3(OMe),, furfuryl; R2 R3= pirrolidinyl, piperidinyl;
R*= H, Me, Ph; R%= H, Ph.
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Supramolecular systems based on piperidinium surfactants to increase
the bioavailability of anti-inflammatory drugs

Kushnazarova R.A., Mirgorodskaya A.B., Lukashenko S.S., Zakharova L.Ya.
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Supramolecular systems based on amphiphilic compounds are widely used as effective
nanocontainers for targeted drug delivery, which can increase drugs solubility and
bioavailability. Implementation of these substances in biomedicine and pharmacology
requires them to meet the following criteria: low toxicity, biocompatibility and high
efficiency at low concentrations.

In the present work, new surfactants containing piperidinium or 3-hydroxypiperidine
fragment in the head group (PP-n and HPP-n series) were synthesized and further
characterized. By using complex of physicochemical methods, the critical micelle
concentration (CMC), the Kraft point, adsorption parameters on the air-water interface,
sizes and aggregation numbers of these compounds in aqueous solutions were determined.
To quantitatively characterize the solubilization capacity of surfactant solutions toward
anti-inflammatory drugs quercetin and indomethacin adsorption spectrophotometry was
used. Our study demonstrated that cationic surfactant HPP-16 allows achieving a 3 to 8-fold
increase in the solubility of these drugs at a concentration of 3mM. It is worth noting that the
effectiveness of solubilization significantly depends on the solution pH. The incorporation of
hydroxy fragment into surfactant molecule is revealed to enhance the solubilization effect
of HPP-16 compared to its nonfunctionalized analog. The transition from micellar solutions
to biocompatible microemulsions based on Tween 80 with the addition of HPP-16 allows of
increasing the solubilization capacity of the anti-inflammatory drugs by more than an order
of magnitude.
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Targeted drug delivery to dopaminergic neurons by the functionalized
derivative of the dopamine transporter inhibitor GBR12909:
a proof of concept

Lavrova A.V.', Gretskaya N.M.}, Akimov M.G.!, Mingazov E.R.2, Bezuglov V.V.!

1 Shemyakin-Ovchinnikov Institute of bioorganic chemistry RAS,
117997, Russia, Moscow, Miklukho-Maklaya st, 16/10
2 Koltzov Institute of Developmental Biology of Russian Academy of Sciences,
119334, Russia, Moscow, Vavilova st, 26

One of the key challenges in medical chemistry is the targeted delivery of therapeutic
molecules to the intended site of action. A possible solution is to design hybrid molecules
that combine an address part directed at a specific target on the cell membrane and the
active substance itself. The aim of this work is to create a construct capable of selectively
delivering active molecules to dopaminergic neurons. The applicability of creating such
drugs is explained by the need to protect dopaminergic neurons, which progressively die
in Parkinson’s disease. A convenient and adequate target for delivery of such drugs is the
membrane dopamine reuptake transporter (DAT). As the address part of the prototype drug,
we have chosen DAT inhibitor GBR12909, which differs from other known inhibitors by high
selectivity and affinity for DAT. The synthesis of a universal functionalized analog carrying
a primary aliphatic amino group was developed, which is subsequently further modified
by attaching linkers with other functional groups for conjugation with therapeutically
significant molecules. To test the applicability of this design for the targeted delivery of
active substances to dopaminergic neurons, a fluorescent analogue of functionalized
GBR12909 was synthesized with a BODIPY-FL fluorophore. The study of the internalization
of this substance by cells containing active DAT showed that the fluorescent analogue
penetrates into the PC12 pheochromocytoma cells and the rat brain dopaminergic neurons
through selective transport using DAT. Thus, it has been established that the fluorescent
analogue GBR12909 is a ligand of the dopamine transporter and DAT system can be used for
the targeted delivery of active compounds to dopaminergic neurons.

The work is supported by the Research Program of the Presidium of the Russian Academy of
Sciences «Fundamental research for biomedical technologies», project No. 0108-2018-0006.
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Selective cytotoxicity of Arg/Lys-enriched peptides
and the possibility of their use for anticancer therapy

Lushnikova A.A.!, Rudakova A.A.%, Onyan A.V.}, Kostarev A.V.%, Ponkratova D.A.,
Kozhikhova K.V.2 , Andreev S.M.3, Balbutsky A.V.%, Baryshnikova M.A.*

IN. N. Blokhin Cancer Research Center, 115478, Moscow, Kashirskoe shosse, 24.
2 M. V. Lomonosov Moscow State University,
119991, Russia, Moscow, Vorobyovy Gory, 1. 3 State Scientific Centre
“Institute of immunology” FMBA of Russia, 115478, Moscow, Kashirskoye shosse,. 24.

Introduction. .Molecular-directed antitumor therapy is a challenge of modern oncology.
A number of cationic peptides (CP) with low molecular mass and arginine (Arg/R), lysine
(Lys/K) —rich residues exhibit a selective toxicity against solid tumor cells without affecting
the physiology of normal cells at low concentrations. The selective cytotoxicity of CP is based
on the differential expression of chaperone proteins nucleophosmin/NPM and nucleolin/
NCL in tumor and normal cells. Purpose.Analysis of mechanisms of selective cytotoxicity for
CP and a search for their molecular targets. Materials and methods. Human transplantable
cell lines (CL) were used: cutaneous melanoma - mellS, melH, mel lbr, breast cancer (BC)
and drug - resistant breast cancer (MDR)-HBL — 100, HBL 100 - ID120, hepatocarcinoma and
hepatoblastoma-Huh — 7 and HepG2, pancreatic cancer — Panc 1, MiaPaCan2, AsPcl, CaPa2,
ovarian cancer - CrovCel, glioblastoma -GLB _Sh and Glb_17; lines of skin fibroblasts Wi - 38
and H1036- as a control. Seven CPs were tested using MTT tests, flow cytometry, western
blotting, IGH and RT-PCR to analyze the expression of p53, NPM and NCL. The results of in
vitro cell cultivation with these CPs (C=0,25 — 4 mg/ml, 2-3 days.) were observed under a
fluorescent microscope using cyanine labeled Cy5-KP:Cy5*-R.-K, K KAC-NH.. Intermolecular
interactions and molecular dynamics were modeled and evaluated in Maestro 11 program.
Results. All the CLs under study have revealed a high selective cytotoxicity for tested CPs:
IC50 ranged from 0.5 to 1 pg, with induction of apoptosis. Control fibroblast CLs survival
has not changed significantly. In the course of 2-6 hours of cultivation of tumor cells in 96
well cell cultured clusters and micro-wells, activation of caspase 3, 8 and 9 was detected
along with increased frequency of DNA double-strand breaks, degradation of chromatin
and mitosis spindle. Tumor cell apoptosis was revealed in MDR breast cancer line HBL-
100-ID120, apparently associated with the activation of the cas2 and NCL-RFWD-p53
signal cascade. Molecular interactions were confirmed by pair docking. A modeling of the
interactions of CPs with cell surface NCL and NPM pentamer has revealed a high scores and
preferred amino acid residues that are forming hydrogen bonds with these proteins. The
dynamics of processes and specific cytotoxicity of tested CPs were evaluated.
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Synthesis of new 6-nitroazolo [1,5-a] pyrimidines with the possibility
of further modification into azolopurines

Lyapustin D.N., Ulomsky E.N., Zanakhov T.O., Efimenko N.I., Rusinov V.L.

Ural Federal University named after the First President of Russia B.N. Yeltsin,
Mira St. 19, Ekaterinburg, 620002, Russian Federation

The role of purine nucleosides in the life of the organism is very diverse: inclusion in
the structures of DNA and RNA, regulatory functions, and so on. Structural analogs of
endogenous purines are often able to replace them in key metabolic processes, which
allows to create drugs. One of the promising classes of compounds that model the biological
behavior of purines is azaindolizines, specifically azolo[1,5-a]pyrimidines, since they are
isosters of purines. Moreover, azaindolizines similar structures are used independently as
drugs (vasodilators, antiviral and antibacterial drugs) in countries such as Germany, Japan,
Russia, etc. Assuming that the heterocyclic system that is a hybrid of purine and azaindolizine
has more opportunities to affect important biological receptors, we set a goal to synthesize
azolo [1,5-a] pyrimidines to study their biological activity, as well as their subsequent
transformation in the linear azolo [1,5-a] purines 8.
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Azolopyrimidines 3 and 6 were chosen from the point of view of possibilities for further
structural modification - the pyrimidine ring should be similar to guanine and adenine;
the nitro group acts as a hidden N-atom of the imidazole ring. In addition, in the drugs
«Triazavirin» and «Triazid», the nitro group is an important structural element in terms of the
mechanism of action. In the resulting aromatic 6-nitroazolo[1,5-a]pyrimidines 3,6, position
5 is functionalized by the introduction of actual amines. In both cases, the cyclization is
performed in similar ways.

Thus, new methods were developed for the synthesis of 6-nitroazolo[1,5-a]pyrimidines
3,6, which are a promising matrix for the creation of new non-natural purine nucleosides.
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2-Cyano-4-pyrone as a substrate for the preparation
of pyrazoles and pyridones

Makarova A.l., Obydennov D.L., Sosnovskikh V.Ya.

Institute of Natural Sciences and Mathematics, Ural Federal University, 620000
Ekaterinburg, Russian Federation, Lenina ave., 51

2-Cyano-4-pyrone 1 is the simplest representative of 2-cyano-4-pyrones and a scarcely
studied molecule. We have found that pyrone 1 reacted with hydrazines to give pyrazoles
2 in good yields. In the case of unsubstituted hydrazine, the transformation proceeded
selectively. When phenylhydrazine was used as a nucleophile, a mixture of regioisomers
was obtained, which can be prepared in pure form by recrystallization.

Under the action of primary amines, cyanopyrone 1 undergoes a pyrone ring opening
transformation to produce carbamoylated enaminones 3. These compounds led to
4-pyridone-3-carboxamides 4 by the reaction with DMF-DMA or DMA-DMA.

The obtained compounds 2 and 4 bear the pharmacophore moieties, the pyrazole or
pyridone rings, and are of interest for medical chemistry.
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A novel acetazolamide cocrystal

Manin A.N., Drozd K.V.

G.A. Krestov Institute of Solution Chemistry of the Russian Academy of Sciences,
153045, Russia, lvanovo, Akademicheskaya Street, 1

Acetazolamide (ACZ), 5-acetamido-1,3,4-thiadiazole-2-sulfonamide, is an inhibitor of
carbonic anhydrase Il and has been included in the WHO Model List of Essential Medicines.
ACZ is used mainly for the treatment of glaucoma, but is explored also for the management
of epilepsy, acute mountain sickness, respiratory diseases and, recently, for the symptomatic
treatment of idiopathic intracranial hypertension [1, 2]. ACZ has low solubility and poor
permeability, which makes the discovery and identification of new solid forms of ACZ
(cocrystals) relevant to improve its physical and chemical properties. Today set of ACZ
cocrystals with 4-hydroxybenzoic acid, 2-hydroxybenzamide, nicotinamide, picolinamide,
2,3-dihydroxybenzoic acid are reported [1]. The mechanochemical approach (liquid-assisted
grinding) has been demonstrated as a powerful technique for screening new cocrystals and
their polymorphs. The aim of our study was to investigate the influence of solvent on the
acetazolamide cocrystal screening by liquid-assisted grinding. 4-Aminobenzoic acid was
employed in grinding experiments as coformer with acetazolamide. For estimation of solvent
role, 7 solvents of different polarity were chosen: ethanol, methanol, tetrahydrofuran, ethyl
acetate, water, acetone and acetonitrile. A novel ACZ cocrystal with 4-aminobenzoic acid was
identified only by grinding physical mixture with acetonitrile. Cocrystal was characterized
by DSC and single crystal X-ray diffraction analysis and was investigated it solubility and
dissolution rate in water.

This work was supported by the Russian Science Foundation (No. 17-73-10351)
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Synthesis of highly lipophilic organophosphorus derivatives of naltrexone
Sokolov V.A.}, Martinovich N.N.? Krivirotov D.V.2, Ramsch S.M.

1Saint-Petersburg State Institute of Technology Institute (technical university),
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Naloxone is an opioid receptor antagonist which most commonly used as an antidote for
poisoning with narcotic analgesics in medical practice, however, due to insufficient affinity
and suboptimal pharmacokinetic properties it is not always effective [1]. Naltrexone and its
derivatives which are pharmacological agents with clinical experience have high potential
for the development of treatment of acute poisoning by narcotic analgesics.

We obtained new naltrexone derivatives: among them are phosphate 1 and phosphonate
2, and also calculated lipophilicity indicators for the obtained and initial compounds using
the standard ACD / Percepta.
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Compound 1 has the greatest lipophilicity among the presented compounds and is
positioned by us as a naltrexone prodrug, and compound 2 may have a completely different
affinity for opioid receptors and accordingly a different pharmacological profile due to the
position of the phosphoryl group.
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Design and synthesis of quinazoline dopped hydroxamic acid derivatives
as VEGFR/HDAC inhibitors

Mavlianberdiev A.R.}, Bondarenko E.D.!, Matevosyan K.R.?,
Kolotaev A.V.%, Osipov V.N.*3?, and Khachatryan D.S.?
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2NRC «Kurchatov Institute» — IREA, 107076, Russia, Moscow, Bogorodsky val, 3
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Chemistry of hydroxamic acids is an intensively developing section of synthetic organic
chemistry. In medical chemistry, derivatives of hydroxamic acids are mainly considered as
inhibitors of histone deacetylase, which are essential targets in the treatment of cancer [1].

The chemical flexibility of the hydroxamate group allows its use in a variety of natural
and synthetic compounds, as well as in well-known preparations [2], resulting in a clearer
therapeutic effect. Multi-purpose hybrids based on histone deacetylase inhibitors are
becoming new methods of anticancer therapy [4].

The report discusses the strategy for creating bifunctional compounds by conjugating
hydroxamic acid derivatives with a quinazoline or quinazolon fragments.

The results of the work on the synthesis of new compounds containing hydroxamic acid
and a heterocyclic fragments are presented.
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The synthesized compounds are potential bifunctional antitumor agents acting on
histone deacetylase and various tyrosine kinases.
This work was supported by the Ministry of Education and Science of the Russian Federation
(grant agreement Ne 075-11-2018-172, RFMEFI62418X0051).
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The method of address covalent immobilization of proteins on the surface
of the working electrode through the reaction of copper-catalyzed
azide-alkyne cycloaddition (CuAAC)

Medvedeva M.V., Svalova T.S, Saigushkina A.A., Malysheva N.N.,
Zhdanovskikh V.0., Kozitsina A.N.

The Chemical technology Institute,The Ural Federal University named after the first President
of Russia B. N. Yeltsin, Russia, 620002, Ekaterinburg, st. Mira 28

A key part in electrochemical immunosensors creation is a method of antibodies
immobilization on the surface of the working electrode. Address covalent immobilization can
improve the analytical characteristics of the sensor. A promising method of bio-orthogonal
immobilization is the CuUAAC reaction, characterized with expressivity, high product yield,
low toxicity of the reagents and products. The “mild conditions” of the click-reaction are
also an undeniable advantage during working with protein structures.

The aim of this work was to develop a method for covalent immobilization of proteins on
the surface of a working carbon-containing electrode through the reaction of CUAAC using
as a catalyst copper particles included in an electrodeposited film of polyvinylbenzylazide
on the electrode.

Protein immobilization was carried out in three stages: forming a polymer film with
copper particles on the surface of the working electrode, conducting click-reaction
between the azide groups of the polymer film and the acetylene fragment of propargyl-
N-hydroxysuccinimide ester, and incubation in a protein solution. The formation of the
polymer layer, the reaction of the copper-catalyzed azide-alkyne cycloaddition and the
immobilization of the protein on the electrode were controlled by the method of cyclic
voltammetry and electrochemical impedance spectroscopy using an Autholab Type IlI
analyzer. K, [Fe(CN),]/K,[Fe(CN).] was used as a mediator system.

The working conditions for the electropolymerization of vinylbenzylazide, the click-
reaction and the immobilization of the protein on the surface of the working electrode were
chosen. The results obtained make it possible to make the address covalent immobilization
of protein on the surface of a carbon-containing electrode.

This work was supported by the Russian Scientific Fond (grant number 17-13-01096)
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The use of carbamate-bearing surfactants
to improve the solubility of meloxicam

Mirgorodskaya A.B., Kushnazarova R.A., Shcherbakov A.Yu.,
Lukashenko S.S., Zakharova L.Ya.
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FRC Kazan Scientific Center of RAS, 8, ul. Arbuzov, 420088 Kazan, Russian Federation

Amphiphilic compounds are mainstream in the design of building blocks for nanoscale
supramolecular systems showing high interface activity and wetting effect on hydrophobic
surfaces, exhibiting improved solubilization and transport effect, controlling the stability
and properties of guest molecules. Employment of these substances in biotechnologies,
pharmacology, and medicine make requirements of their properties such as high perfor-
mance under mild conditions and in the low concentration range, low toxicity, and the abil-
ity to overcome biological barriers. In this work, a series of new carbamate-bearing cation-
ic surfactants with hexadecyl tail and varied structure of head group was synthesized and
characterized. Their aggregation parameters (critical micelle concentration, size, surface
potential, degree of counterion binding, aggregation numbers) have been determined. The
solubilization capacity of carbamate-bearing surfactants was evaluated in relation to the
anti-inflammatory drug meloxicam by a spectrophotometric method. Due to low solubility
of meloxicam at pH <5.5 it dissolves and absorbed only in the intestinal tract rather than in
the stomach upon the oral administration, which significantly slows down its therapeutic
effect. It has been shown that the carbamate-bearing surfactants can be related to the class
of moderately toxic compounds. The use of this surfactants in a concentration of about 0.1%
allows of increasing the solubility of meloxicam in acidic media by more than an order of
magnitude. Using carbamate-bearing surfactants in binary compositions with nonionic am-
phiphiles (Tween 20, Tween 80, Tyloxapol) allows us to reduce the toxicity of the systems,
while maintaining a high level of their solubilizing action.
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Novel viral entry inhibitors for the treatment of chronic hepatitis B

Mitkin O., Karapetyan R., and Rjakhovskiy A.
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Treatment of chronic viral hepatitis remains a serious medical problem. One of the
promising solutions is the development of virus entry inhibitors capable of blocking the
function of Sodium/Taurocholate Co-transporting Polypeptide (NTCP), the cellular receptor
for hepatitis B and D viruses, and thereby preventing the viral infection of liver cells [1].

During a systematic study that included the stages of computational simulation
of interaction of NTCP and its known ligands, and construction of QSAR models and 3D
pharmacophore models, a number of promising chemotypes of heteroaromatic compounds
were identified. Effective synthetic approaches were developed to obtain the appropriate
combinatorial series of compounds, and the resulting synthesized products were investigated
in an in vitro model to assess their ability to prevent the hepatitis virus entry into the cell
by inhibiting NTCP. In particular, 6-aryl-substituted pyridazin-3-amines were identified as
potent NTCP inhibitors (IC, from 10 uM to less than 0.1 uM) with low cytotoxicity (CC,, > 30
UM). At present, systematic preclinical studies of the most active leading compounds in in
vivo models have been initiated.
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Synthesis of hybride compounds on the basis of fluoroquinolones
as potential antitubercular agents
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Design of antibiotics with dual action is considered nowadays as the relevant strategy
directed to creation of the medicines with the broadened range of action in comparison
with initial antibiotics and which are slowing down the development of the resistance
to antibiotics. Fluoroquinolones are perspective candidates for the creation of hybrid
antibiotics on their basis because from the chemical point of view fluoroquinolones are
characterized as rather stable compounds and can be successfully modified without the loss
of antibacterial activity [1,2].

Efficient synthetic approaches to antibacterial agents with dual mechanism of action,
hybride fluoroquinolone compounds with covalent bond between fluoroquinolone fragment
and coumarine or benzothiazinone core (1, Il), were developed.
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The structure of compounds obtained was confirmed by the data of NMR and mass
spectra.
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Multimodal Polymeric Adsorbent for Extracorporeal Therapy of Sepsis
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Sepsis is a severe complication of generalized infections with high mortality up to 40%.
Primary trigger of sepsis is the translocation of bacterial or fungal cell components into the
bloodstream which provokes an excessive immune response. Typical therapeutic targets are
the endotoxins of gram-negative bacteria (lipopolysaccharides, LPS). A number of clinical
studies have shown the LPS-selective and non-selective extracorporeal removal of LPS from
the patient’s blood improves outcome of patients with sepsis. However, there is not a single
extracorporeal adsorber that is able to simultaneously remove both LPS molecules and
internal inflammatory mediators, such as cytokines.

Multimodal macroporous hypercrosslinked polystyrene adsorbent was developed in
this work. The surface of the polymer was modified with synthetic ligand complemental
to conservative moiety of bacterial endotoxins. A series of in vitro tests was conducted
to determine the efficacy and safety of the sorbent. The main results are shown below.
Endotoxin concentration decreased by 18.5 times in 0.9% saline after 2 hours of perfusion
wherein the residual adsorption capacity of the sorbent was maintained at initial level.

Erythrocyte suspension and freshly prepared donor blood perfusion through adsorbent
did not cause the appearance of cytolytic markers but a twofold decrease of free hemoglobin
concentration, a decrease in the level of significant cytokines (IL-8, IL-10, etc.) and small
molecules (bilirubin, creatinine, B,-microglobulin, etc.) by 1.5-4 times was determined in the
same time. Also it was demonstrated that bacterial endotoxin level dramatically decreased
(more than 10 times after 1 hour) during perfusion of contaminated bovine blood.

Additionally in vivo study using septic shock swine model was carried out. Septic shock
was induced by i.v. injection of E.coli O55:B5 LPS (20 000 000 EU). It was shown that
hemoperfusion can stabilize the condition of animals and in some cases even prevents of
septic shock manifestation.

Thus a number of carried out in vitro, in vivo and ex vivo experiments persuasively
demonstrated the efficacy and safety of an innovative cross-linked polystyrene adsorbent in
the extracorporeal sepsis treatment.
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TRANSITION METALL-FREE C-H/C-Li COUPLING OF
PENTAFLUOROPHENYLLITHIUM WITH 1,2,4-TRIAZINES — PASE METHOD
TOWARDS POLYFLUORO AZAGETEROCYCLIC SYSTEM
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Lavrinchenko I.A.%, Charushin V.N.*?, Chupakhin O.N.?
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Development of atom and stem economical (PASE) methods for the synthesis of organic
compounds is one of the key challenge in modern organic chemistry. These methods are
attractive because they correspond to basic principles of green chemistry and do not require
catalysis by transition metals.

Due to special properties of polyfluoro organic compounds, these compounds are widely
used in the fields of molecular electronics (OLED) and as biomarker for detection and treat-
ment of social diseases (PET).

There are a lot of known methodologies to construct C-C bond. In particular, reaction of
nucleophilic substitution of hydrogen (S ") in 1,2,4-triazines under the action of pentafluo-
rophenyl lithium 2 prepared from pentafluorobenzene 1 and n-Buli is one the most attrac-
tive complying with the basic principles of green chemistry.

According to the modern concept of S "reactions, this coupling is a two-stage process
by the addition-oxidation mechanism (S " AO). On the first stage, pentafluorophenyl lithium
2 interacts with C(5)-carbon atom of 1,2,4-triazine 3(a-e) to lead to stable c"-adduct 4(a-e).
These compounds are able to be aromatized into 5-pentafluorosubstitution-1,2,4-triazines
5(a-e) by action of oxidative agent (DDQ).
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R*= 4-FCgH,, R® = 2-isoquinolinyl (e);
As a result, a number of 5-pentafluorophenyl-substituted 1,2,4-triazines have been
obtained. The resulting compounds are of particular interest in the field of medical
chemistry, molecular electronics, and coordination chemistry.

M.V. Varaksin, T.D. Moseey, V.N. Charushin, O.N. Chupakhin, J. Organomet. Chem., 2018, https://doi.
org/10.1016/j.jorganchem.2018.01.020
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NUCLEOPHILIC SUBSTITUTION OF HYDROGEN (S ") IN THE SYNTHESIS OF
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Organic molecules containing polyfluorinated moiety have found various applications in
many areas of science and technology as promising materials for medical and cryochemistry,
molecular electronics, as well as in the field of biologically active substances exhibiting chaper-
one activity.

Due to unique physical properties of fluorine atom, the introduction of this atom into an
organic molecule allows obtaining substances with such desired properties as increased bioavail-
ability, improved photophysical indicators, resistance to undesirable degradation transformation.

Thus, the development of new efficient methods of unknown azaheterocyclic pentafluoro-
phenyl-substituted compounds is a key challenge in modern organic synthesis. The methodology
of nucleophilic substitution of hydrogen in 2H-imidazole N-oxides by the action of pentafluoro-
phenyllithium 2 is one of the most effective strategy for this transformation that does not require
additional catalysis and using the protective group.

This transformation can be implemented in two ways. After the formation of adduct 4(a-g),
when a deoxyginating agent is present in the reaction mass, the reaction proceeds according
to the addition-elimination scheme S "(AE) furnishing the formation of products 5(a-g). Con-
trarily, if an oxidant is present instead of deoxyginating agent, the reaction would proceeds
according to addition-oxidation mechanism S "(AO) resulting in compounds 6(a-g).
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Scheme 1. Coupling of pentafluorophenyl lithium with 2H-imidazole-1-oxide
The new pentafluorophenyl-containing 2H-imidazoles were obtained from good
to excellent yields, which are of particular interest in the field of medical chemistry and
molecular electronics.

The study was carried out with the financial support of the Russian Science Foundation as
part of a research project 18-73-00088.



234 MedChem Russia 2019

Synthesis of amides and thioamides combining adamantane and
monoterpene fragments
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2 Novosibirsk State University, 630090, Russian Federation, Novosibirsk, Pirogova Str., 2.
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A number of 1- and 2-adamantane carboxylic acid amides were synthesized by
interaction of corresponding acid chlorides with monoterpene amines. Preliminary, amines
were obtained from corresponding monoterpene alcohols. Some amides obtained were
boiled with Lawesson’s reagent yielding thioamides. To investigate «structure — biological
activity» relation a number of citronellic acid amides were synthesized as well as thioamide
was obtained from 2-adamantane substituted isomer.
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A most of adamantane derivatives were shown being active according to human DNA
repair enzyme Tdp1 at micromolar concentrations.

The work was supported by the Russian Science Foundation under Grand Ne 19-13-00040.
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Study of the neuroprotective properties of the anti-amyloid agent
Amylovis as a promising drug for the treatment
of neurodegenerative diseases

Nebogatikov V.0.!, Ustyugov A.A.}, Menendez R.2, Maleev G.*

ILLC “BioNeuroPharma”, 143026, Russian Federation, Moscow, the territory of the Skolkovo
Innovation Center, Bolshoi Boulevard, 42, bld. 1
2Department of Neurochemistry, Cuban Neuroscience Center, Cuba, La Habana, Cubanacdn
Playa, Ave 25 No. 15202, Esqg. 158.

The major obstacle of drug research of a wide range of central nervous system (CNS)
diseases lies in the development of scientific and experimental methodologies for generation
of proper therapeutics acting on the core stages of pathogenesis permanently halting the
progression of the pathological process (the so-called “disease-modifying drugs”) and not
temporarily improving the disease symptoms (“symptomatic action” drugs).There is an
urgent need for a reliable method for selecting and evaluating potential new compounds,
as well as the evidence-based approach for designing and screening of drugs acting on the
central nervous system biotargets. The relevance of the current study is based on the use
of adequate models of neurodegenerative disease, which recapitulates the main features
of the molecular processes found in such pathologies as Alzheimer’s disease, amyotrophic
lateral sclerosis, Parkinson’s disease and a number of others. The core pathological process
that is reproduced in our models is based on protein aggregation at an early stage of
development of disease in the brain (neuropathology). The development of innovative
approaches in genetic modeling neurodegenerative processes both in vitro and in vivo is
one of the primary objectives of our Institute. At the moment, there are several lines of
transgenic animals which recapitulate major different steps of proteinopathy pathogenesis
whereas our colleagues Cuban Neuroscience Center (CNEURO) has developed and patented
a set of compounds called Amylovis which were shown to bind with senile plaquesin silico,
in vitro and in vivo studies. The combination of adequate models of neurodegenerative
diseases and computer screening techniques prior to selection of prospective structures
from the Russian side with the synthesis of original compounds provided by the Cuban
colleagues, blends into a unique opportunity for a comprehensive solution of the global
scientific challenges to develop “disease-modifying” neuroprotective drugs.The study is
supported by Skolkovo Resident LLC “BioNeuroPharma”.
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Evaluation of the prospects for the combined use of ultrasound and
ionizing radiation in the in the cancer therapy

Nikolaev A., Mazina S., Gopin A., Sarancev A., Kiryhin O., Petrov V., Kalmikov S.

Chemistry Department, Moscow State University,
119991, Russia, Moscow, Leninskiye Gory, 1-10

The main focus in the therapy of cancer is the development of integrated methods that
focus on individual patients. The aim of the work was an experimental study on models of
different levels of complexity of the effects of the combined action of ultrasound and ionizing
radiation. The prospects of such a combination, is determined by the mutual addition of a
number of therapeutic factors of the two methods of treatment.

The objects of study were octa sodium salt of cobalt octa-4,5-carboxyphthalocyanine
(teraphthal), the enzyme alkaline phosphatase and bacteria Lactobacillus casei. Irradiation
of objects with ionizing radiation was carried out on a *¥"Cs y-400 facility (2 Gy/min),
ultrasound — on an Albedo setup (frequency 0.88 MHz, intensity 2 W/cm?). The results were
assessed by the change in the teraphthal optical spectra, enzyme activity and survival and
the size distribution of bacterial cells.

The presence of a synergetic effect of changes in the structurally dependent parameters
of the enzyme alkaline phosphatase and the bacteria Lactobacillus casei was revealed. It is
established that the magnitude of the effect depends on the complexity of the object, the
order of exposure, the magnitude of absorbed doses and the presence of a sensitizer — a
substance that enhances the action of ultrasound [1]. Comparison of the size distribution
functions of bacteria that survived after various exposures showed that larger cells with
more than 15 um length are eliminated first. The role of post-effects in the combined action
of ultrasound and ionizing radiation is revealed. A tumor model has been selected for in vivo
experiments.

The obtained results demonstrate the perspectivity for the development of research in
the field of the combined use of ultrasound and radiation medicine in the cancer therapy.
This work was supported by the RFBR grant No. 18-08-01197/19.
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Antiviral activity of perilene derivatives against respiratory viruses —
influenza, parainfluenza and respiratory-syncytial virus.
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The project aims to solve acute medical and social problems - the search for new means
of combating respiratory viral infections. SARS annually affects up to 30% of the population,
half of which are children. Mortality from respiratory diseases (including influenza,
respiratory syncytial infection, etc.) is about 4.25 million cases per year [1].

Despite the fact that there are a large number of drugs on the pharmaceutical market
for the treatment of respiratory diseases, most of them are symptomatic drugs, and in some
cases even homeopathic medicines. In addition, for a number of respiratory infections, such
as adenoviral or parainfluenza, etiotropic drugs do not exist at all.

At present work we had investigated antiviral activity of 6 perilene derivatives against
three respiratory viruses — influenza, parainfluenza and respiratory-syncytial virus. 5
compounds had shown significant activity against influenza virus (S| more than 100) and also
significant, but a little bit reduced activity against respiratory-syncytial virus. Interestingly,
all compounds tested were active against parainfluenza, having SI higher than for influenza
virus.

Thus, we can make a conclusion about high potential of this group as respiratory viruses
inhibitors.
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Synthesis and Study of Psychotropic Activity of
1-Substituted 4-Amino-5-oxoprolines
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4-Aminobutyric acid (GABA) is a neurotransmitter of CNS inhibition. GABA derivatives
exhibit psychotropic and anticonvulsant properties. The purpose of this work was to
prepare and study psychotropic activity of 1-substituted 4-amino-5-oxoprolines that can be
considered both as cyclic GABA analogues and as pyroglutamic acid derivatives.

Nucleophilic substitution of halogen in dimethyl (2S,4RS)-4-bromo-N-phthaloylglutamate
(1) with arylamines or 4-aminoantipyrine followed by the isolation of predominant (2S,45)-
diastereoisomers gave compounds 2a-2e. Heating of compounds 2a-2e in an acidic medium
resulted in removal of protecting groups and lactamization, which afforded 1-substituted
4-amino-5-oxoprolines 3a-3e. The structure of the target compounds was confirmed by
NMR spectroscopy and elemental analysis.
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The study of psychotropic activity of compounds 3a-3e was carried out on white outbred
female rats using 1/60, 1/30 and 1/15 equimolar doses. Compounds were administered
intraperitoneally 30 min before testing. It has been found that compound 3d causes
a moderate increase in motor activity in the open field test and anxiolytic action in the
elevated plus maze test. Compounds 3b-3d showed nootropic properties (they improved the
formation and maintenance of a memory trace) in the passive avoidance and extrapolation
deliverance tests.

The study was carried out in the framework of the State Assignment of Russia (project no.
AAAA-A19-119011790130-3).
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Fluorinated benzothiazinones possessing cytotoxicity
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The benzothiazine fragment is scarcely presented in the structure of natural compounds,
however many synthetic benzothiazines are biologically active, which play an important
role in treatment of various diseases. We developed effective synthetic approaches to flu-
orine-containing 2-substituted 1,3-benzothiazin-4-ones 1, 2 based on nucleophilic addition
of heterylamines or cycloalkylamines to polyfluorobenzoyl isothiocyanates and subsequent
intramolecular cyclization. Cyclocondensation of polyfluorobenzoyl chloride with azolylth-
iones represents a convenient approach to [b]-annelated fluorine-containing benzothiazi-
nones 3, linear structure of tetracyclic derivatives has been proved.

In the frames of Open HTS Cell Cytotoxity Project (Medicinal Chemistry Center, Togliatti
State University) three types of fluorinated 1,3-benzothiazin-4-ones 1-3 were studied for
their cytotoxicity towards epidermal carcinoma (A431). Among 2-heterylamino-6,7,8-
trifluoro-1,3-benzothiazin-4-ones 1 pyrazinyl derivative (X = CH, Y = N) demonstrated
the best result (48.8% of survived cells). In the series of 2-piperazinyl-6,7,8-trifluoro-1,3-
benzothiazin-4-ones 2 arylpiperazinyl derivative (R = 2-fluorophenyl) proved to be the most

perspective (38.4% of survived cells).
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Benzimidazo-annelated benzothiazinones 3 were also tested, tetrafluoro derivative (X =

2
Y = F, R’ = H) demonstrated the lowest percentage of survived cells (33.3 %). All mentioned
compounds exhibited EC, < 10 umol/mL and were selected for further investigations.

The work was carried out with financial support from the Ministry of Education of Russian
Federation (State Contract 4.6351.2017/8.9).
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Development of Approaches to the Efficient Isolation of Isomerically and
Optically Pure MDM2 Inhibitors of Pyrrolidin-2-one Series

Novikova D.}, Vorona S.?, and Tribulovich V.*
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A number of structures based on the pyrrolidone scaffold was identified during screening
of a focused library of compounds in order to identify new inhibitors of the MDM2-p53
protein-protein interaction [1]. Synthesis of the identified active compounds is carried out
by the cyclization of various Schiff bases with succinic anhydride with the formation of
Castagnoli-Cushman acids [2] and their subsequent amidation.

The main feature of the present class of compounds is the presence of both cis-/trans-
and optical isomers. In this study, we consider possible pathways for the derivatization
of the Castagnoli-Cushman acids formed during the synthesis, which allow isolating
geometrically and optically pure isomers to identify the most active ones according to the
used pharmacophore hypothesis, as well as factors that allow shifting the isomeric ratio
towards the minor cis-form.

HO_ _O P N 0. _OH
HaI\H f_,/l—ial
D O OH o i HOGO /
s =, N X
N iy \ N

Hal"Ce S 2 7 ° _Hal
= L
25,35- Sl Hal e 25,3R-
2R,3R- 2R 35-

trans- cis-
This work was supported by the Russian Science Foundation (project no. 16-13-10358).
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Synthesis of macrocyclic ketones as potential precursors
for antitumor drugs

Novoselov A.M.?, Kurkin A.V.!

ILlomonosov Moscow State University, Chemistry Department,
119991, Moscow, GSP-2, Leninskie Gory, 1/3

The most important and popular problem in modern science is discovery of new efficient
drugs against human cancer cells. Macrocycles is a large part of natural compound which
have wide biological activity against different biological targets including tumor cells. Recent
investigations show that more new compounds isolated from vegetal materials contain
in its structure 9-11 membered carbocycle or heterocycle. These cycles can contain such
fragments as ketone, lactone or amide. An example of such substance illustrated bellow.

OH

OH

This compound was isolated from seaweed and showed activity against human cancer
cell lines U373 (glioblastoma—astrocytoma), A549 (lung carcinoma) [1].

We reported simple synthetic method of obtaining new 9, 10 and 11 membered
macrocyclic ketones by oxy-Cope rearrangement.
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Features of formation and structure of silicon—polysaccharide-containing
polyolate hydrogels obtained by the method of biomimetic mineralization
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Previously we synthesized novel hybrid silicon-glycerol-chitosan hydrogels by biomimetic
sol-gel method using silicon tetraglycerolate as biocompatible precursor and chitosan as
template and properties modifier [1-3].

In this work we demonstrated that water-soluble biocompatible polyolate precursors
of silicon tetraglycerolate and silicon tetrapolyethylene glycolate [4] can be successfully
utilized in biomimetical mineralization of polysaccharides of different nature. By the
example of chitosan (cationic), xanthan gum (anionic), and hydroxyethyl cellulose
(uncharged) polysaccharides, an accelerating effect on the gelation has been demonstrated
and a stabilizing effect has been revealed on the hydrogels formed as transparent monoliths
showing resistance to syneresis. Structural features of silicon—polysaccharide-containing
hydrogels were investigated using advanced physical methods of CryoSEM and TEM. Thus
formed silicon-containing 3D-network of gels is found to be polymeric and appears to have
an ordered amorphous morphostructure, which can be explained as caused by the effect of
polysaccharides serving as templates. The difference in the reactivity of precursors leads to
the peculiarities of the gelation process in the presence of the polysaccharides under study,
as well as to the difference in the composition of the formed products.

The sol-gel process utilized to obtain the silicon—polysaccharide-containing hydrogels
proceeds under the mild conditions with no catalyst or any organic solvent, and thus can be
regarded as belonging to the green chemistry methods.
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N&-Substituted adenosines are a perspective group of nucleoside analogs with wide
spectrum of biological activity [1]. Recently, we have shown that naturally occurring
cytokinin nucleosides N°-benzyladenosine and N°-isoprenyladenosine inhibit reproduction
of human enterovirus (EV) A71, but have been cytotoxic [2,3].

In this study we report a phenotypic screening of a large series of N°-substituted
adenosines, as well as several purine nucleoside derivatives modified in different positions,
against several enteroviruses. EVA71 from Enterovirus A species was chosen for the initial
screening as the most clinically relevant member of our panel. Coxsackievirus (CV) A16,
Echoviruses (E) 13 and 30, and poliovirus (PV) type 1 and CVA21 were chosen as additional
epidemiologically significant members of Enterovirus A, Enterovirus B, and Enterovirus C
species, respectively.

It turned out that large number of our nucleosides inhibited reproduction of EVA71 and
most compounds active against EVA71 were inactive against E30. Only a few of studied
compounds inhibited the reproduction of E30. N5-Benzyladenosine and some of its analogs
containing different groups in the phenyl moiety demonstrated similar EC_, values against
CVA16 and EVA71 of Enterovirus A species. Near the same results were observed in the case
of E13 and E30 of Enterovirus B species. N°®-Substituted adenosines containing additional
substituents in different positions of the purine heterocycle, as well as O°-substituted inosine
and guanosine derivatives, were completely inactive against all of the enterovirus species.

This work was supported by the Russian Foundation for Basic Research (17-04-01939).
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Dihydroazolopyrimidine crownophanes.
Synthesis and tuberculostatic activity

Ovchinnikova 1.}, Valova M.}, Fedorova 0.}, Rusinov G.*? and Charushin V.*?

1], Ya. Postovsky Institute of Organic Synthesis, UB RAS,
620990, Russia, Yekaterinburg, S. Kovalevskoy/Akademicheskaya St., 22/20
2Ural Federal University, 620002, Russia, Yekaterinburg, Mira St.,19

One of the strategies used in medical chemistry to increase biochemical activity, in
particular, azolo [1,5-a] pyrimidines is the incorporation into the pharmacophoric core of
functional groups, which are responsible for the solubility and transport ability of these
compounds. In our studies, the positive effect of the polyester moiety on increasing the
activity and reducing the toxicity of azolopyrimidine bacteriostatics has been demonstrated.

Crownophanes 3a-c and their 6,7-dihydroazolo[1,5-a]pyrimidine acyclic analogs
5a-c were synthesized as a result of a one-pot cascade sequence of intermolecular and
intramolecular Michael addition reactions and heterocyclization at the final stage of the
interaction of chalcone podand 1 or 2-ethoxy-trans-chalcone 4 with amino azole 2.
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Tuberculostatic activity of crownophanes 3a-c and their acyclic derivatives 5 in vitro
was investigated towards the typical laboratory strain of M. tuberculosis H,Rv. It has been
established that the incorporation of the ionophoric crown ether fragment into compounds
3 contributes to an increase in tuberculostatic activity by an order of magnitude to a MIC 6.2
ug/ml (3b, c) in comparison with a MIC of 12.5 ug/ml for acyclic analogues 5a-c. Compound
3a has the highest tuberculostatic activity (MIC 3.15 pg / ml).

The work was financially supported by the Russian Science Foundation
(project no. 15-13-00077-P).
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Key factors for the effectiveness of cooperation between the
pharmaceutical industry and academic institutions
in drug discovery and development.
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The complexity and cost of the process of developing new drugs in the modern world
leads to the fact that various stakeholders interested in the result of this process find ways
to combine their efforts and resources to achieve goals. In Russia and in other countries the
partnership between pharmaceutical companies and academic institutions in the field of
drug development is very common and is developing quite intensively. The forms of such
partnerships vary as well as its results - from colossal breakthroughs to serious failures.
Some researchers are trying to determine what the preconditions for effective cooperation
of commercial companies and scientific organizations are [1, 2], however, the specific
conditions of Russia require the special researches in this area. Understanding exactly
which factors increase the chances of partnership between industry and academic science
for success, and which interfere with efficiency, it would certainly be useful for both parties
to assess the potential of joint projects and select partners for cooperation.

Based on the data of the last 30 years, the report analyzes key factors affecting the
effectiveness of cooperation between the pharmaceutical industry and academy, identifies
the main problems and assesses the prospects for improving the efficiency of joint
pharmaceutical business projects and research institutions in Russia. It was shown that
such factors as the therapeutic area, type of drug, and development stage correlate most
strongly with the degree of effectiveness.
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Heck reaction of sesquiterpene lactones
with halogen-substituted quinolines. Synthesis and biological activity
of 13-quinolinyleudesmanolides

Stepanova V.A.'?, Patrushev S.S. ', Shults E.E. *?
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630090, Russian Federation, Novosibirsk, Lavrentuev Ave, 9
2Novosibirsk State University, 630090, Russian Federation, Novosibirsk, Pirogova, 2

Quinoline derivatives are of interest for the development of antitumor, antiviral and
antimicrobial agents [1,2]. In this work, we propose one-pot method for the synthesis of
hybrid structures containing a fragment of quinoline and sesquiterpene lactone fragment,
using Pd- catalyzed cross-couplig reaction. The interaction of isoalantolactone 1 with
halogen-substituted quinolines 4a-f catalyzed by Pd(OAc), in the presence of NEt, and TBAB
leads to 13-(E)-(quinolinyl)isoalantolactones 5a-f with high yields. Additionally, the products
of isomerization of 11,13-double bond 6a-f and 13,15-bis(quinolinyl)isoalantolactones 7a-f
were obtained depending on the condition of the reaction, the structure of quinoline and
methylenelactone, the nature of catalytic systems. High catalytic activity of Pd(quinoline),Cl,
in the reaction of sesquiterpene lactones with 3-bromquinoline was shown.

The ways of formation of reaction products are discussed, as well as the results of studies
of the biological activity of synthesized quinoline derivatives in vitro and in vivo.
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N-propargylation of indolo-triterpenoids
and their application in Mannich reaction

Petrova A.V.'?, Khusnutdinova E.F.2, Kazakova O.B.2

1Chemical department, Bashkir State University,
450076, Russian Federation, Ufa, ZValidy st., 32
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One of the priority topics in the chemistry of triterpenoids is the synthesis of various
heterocyclic derivatives. According to previous reports, some indolo-fused lupanes showed
a-glucosidase inhibitory activity and cytotoxicity. At the same time, there are no reports
about synthesis of N-substituted indole-fused triterpenoids, which in turn opens up pos-
sibility for obtained of new conjugates. In this work, the first example of N-propargylation
of indolo-triterpenoids is described and their application for Mannich reaction is present-
ed. As starting material we used 2,3-indolo-derivatives with one reaction center for propar-
gylation, were obtained according to the methods described previously. Then the reaction
of compoumds 1 and 2 with propargyl bromide in the presence of NaH in DMF provided
N-substituted derivatives 3 and 4. The structure of compounds 3 and 4 was ascertained
by NMR spectroscopy. Thus, was observed disappearance of proton NH-group’s of indolo-
fragment at 6 7.71 and 7.76 ppm. The signals of the acetylene at § 72.2-80.1 ppm (**C NMR)
as well as methylene group (6 5.02-5.04 ppm (*H NMR)) were characteristic. The reaction
of N-propargylindoles 3 and 4 with N-methylpiperazine using Mannich reaction (secondary
amine, paraformaldehyde, NaOAc, Cul) gave indole-N-methylpiperazine conjugates 5 and 6
with 72 and 77% yields. The NMR spectra of Mannich bases 5 and 6 showed signals of all
functional groups typical for this derivatives.

Thus, the first synthesis of triterpenic N-propargylindoles, which are promising for
following biological studies is described.

Propargyl bromide

NaH, DMF
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Synthesis and cytotoxity of A-azepanodammarandiene
Smirnova l.E., Petrova A.V.
Ufa Institute of Chemistry, RAS, 450045, Russian Federation, Ufa, pr. Oktyabrya, 71

Semisynthetic derivatives of triterpenoids containing azepane ring shows a broad
spectrum of biological activity, including anti-cancer, anti-tuberculosis and anti-diabetic
properties. In this work the first synthesis of a dammarane triterpenoid with an A-azepane
cycle was carried out. As starting compound we used dipterocarpol, the main metabolite
of the resin of the tropical tree Dipterocarpus alatus, possessing anti-cancer, antiviral,
immunostimulating types of activities.

The reaction of dipterocarpol 1 with NH,OH-HCl in pyridine yields to oxime 2, following
treatment by acetic acid led to the dehydration of the hydroxy group and the formation of
syn-oxime 3 with a 20(21)-double bond in side chain. The azepanone 4 was obtained by
Beckmann’s rearrangement | type of compound 3 (SOCI,, dioxane), with following reduction
using LIAIH, in THF to azepane 5 with 62% yield. Structures of all compounds were confirmed
by NMR spectra.

HO £

N

24
25 NH;0H-HCI
CsHN. A

4X=Cc=0,

dl:, 5X=CH,

The cytotoxic activity of all compounds was investigated on 60 cells lines of nine types of
human tumors. The compounds 4 and 5 showed a broad spectrum of activity against the all
range of tumor cells. A new A-azepandammarandiene 5 showed marked antitumor activity
against nine types of cancer cells (growth from-15.72% to -82.08%). Thus, the presence of
azepane fragment in ring A leads to a significant increase in cytotoxicity.

This work was supported by the Russian Foundation for Basic Research (project no. 18-53-
54005 Viet_a to Irina E. Smirnova).
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Synthesis and antidiabetic activity of 8-sitosterol derivatives
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Chemical department, Bashkir State University,
450076, Russian Federation, Ufa, ZValidy st., 32

Steroidal compounds display a variety of biological functions and play a very important
role in life. The steroidal drugs are widely used in traditional medicines, such as antibacteri-
um, hormone kind medication, etc. The introduction of heteroatom in steroids often affects
the chemical properties of the steroidal molecule and results in alterations of biological
activities.

In this work first synthesis of cyanoethyl-derivatives of B-sitosterol is described. Thus,
using 1 and dioxo-derivative 4, obtained via oxidation of 1 with pyridinium chlorochromate
(PCC) as a starting materials, three new compounds were synthesized. First, cyanoethyla-
tion of 1 using acrylonitrile in presence BnEt,NCl and 30% KOH proceeds with formation
of 3-cyanoethoxy-sitosterol 2, with following reaction with NaN, in the presence NH,CI to
1H-tetrazol-5-yl-derivative 3. The reaction of 4 with hydroxylamine hydrochloride offers the
dioxime 5. Cyanoethylation of 5 under the conditions described above gave correspond-
ing dicyanoethoxyimino-derivative 6. The structure of obtained compounds was identified
by NMR spectroscopy. In *C NMR spectra of compounds 2 and 6 signals of cyano- group
at ~118-120 ppm were characteristic. The 'H NMR spectrum of 3 contained signals of the
methylene protons of the tetrazolylethyl fragment at § 3.22-3.90 ppm, and the *C NMR
spectrum characteristically displayed signals of the tetrazole carbon atom at & 154.35 ppm
(C*). The screening of in vitro a-glucosidase enzyme inhibition activity of compounds 1-6
revealed lead 36-tetrazolylethoxy-derivative 3 with IC_ of 0.05 uM.
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The assessment of 1,2,3-triazolo[5,1-b]1,3,4-thiadiazines
stimulating action on skin fibroblasts synthetic activity
during regeneration caused by burn injury

Petrova I.M.}, Zhdanova A.V.}, Vysokova 0O.A.?% Kalinina T.A, Zhdanov A.V.},
Khatsko S.L.}, Glukhareva T.V.>?

nstitute of natural sciences and mathematics, Ural Federal University,
620026, Russia, Ekaterinburg, Kuybisheva 48
2Institute of Chemical Engineering, Ural Federal University,
620002, Russia, Ekaterinburg, Mira 28
3Postovsky Institute of Organic Synthesis, Ural Branch of the Russian Academy of Sciences,
620990, Russia, Yekaterinburg, Sofia Kovalevskaya str., 22

Together with fibroblasts proliferative activity, the intensity of collagen synthesis is
another important hallmark of tissue functional state. Previously derived by us thiadiazines
induced fibroblasts proliferation [1]. Hence, we investigated the stimulatory effect
of 1,2,3-triazolo[5,1-b]1,3,4-thiadiazine (STT) on synthetic activity under burn injury
regeneration.

The study included 3™ degree burn injury model in rats. The experiment utilized 18 male
Wistar rats. Experiment involved 3 groups, such as naive control, animals exposed to lanolin,
and animals exposed to STT. The substances were applied epicutaneously in dose of 0.2
g. Animals were sacrificed on the 21 day of the experiment. Histologic analysis included
standardized histological methods. Sections were dyed by picro-fuchsin. Microscope
Olympus, TopView, and Image J software were used to count fibroblast number and measure
the thickness and area of collagen fibers. Statistical analysis was conducted in Microsoft
Excel and Statistical0 (Manna-Whitney U-test) software.

The results shown the stimulatory effect of STT on skin fibroblasts synthetic activity.
Thuswise, the thickness (90,628+3,143 um) and area (81,141+1,247 %) of collagen fibers in
STT group derma are higher than in other groups: control - 61,005+5,289 um; 76,930+2,650
%, and lanolin group - 81,269+3,236 um; 76,359+1,479 %, respectively. Nevertheless, it
cannot be explained by the increase of fibroblasts proliferative activity, as their number is
statistically similar between groups.

References
[1] T.A. Kalinina, O. A. Bystrykh, V.A. Pozdina et al., Chemistry of Heterocyclic Compounds. 2015, V.
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Inhibitors of flu virus A (H1N1) reproduction on the basis of natural and
synthetical 2-pyridones

Petrova P.', Koval’skaya A.!, Tsypyshev D.%, Borisevich S.%, Tsypysheva 1.2,
Galochkina A.2, Zarubaev V.2

1Ufa institute of chemistry UFRC RAS, Russia, 450054, Ufa, prospect Oktyabrya, 71
2Pasteur Institute of Epidemiology and Microbiology, Russia,
197101, Saint-Petersburg, Mira Street, 14
Novel Diels-Alder adducts of N-substituted 2-pyridones, di- and tricyclic quinolizidine

matrixes containing 2-pyridone core, with N-substituted imides of maleic acid were
synthesized (Figure 1).
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Fig. 1 — Starting heterocyclic matrixes A-D and libraries of Diels-Alder adducts A1-D1

Among obtained compounds effective inhibitors of flu virus A (H1IN1) were identified
with selectivity indexes (SI = CC, /IC, ) more than 1.5-3 times higher than that of reference
drug ribavirin and more than 29 times of rimantadin. It was established, that synthesized
adducts demonstrated maximal virus-inhibiting activity at the middle and last stages of flu
virus life cycle.

Docking of all derivatives included in the libraries A1-D1 into the 4B7R active site of neu-
rominidase, 5VPT of endonuclease and 5JUN of PB2 domain of polymerase of A (HIN1) flu
virus (reference ligand zanamivir) was carried out using the software package Schrédinger
Suite 2018-4: QipProp, version 4.2 (Schrodinger, LLC, New York, NY, 2018); it was shown, that
with a high degree of probability exactly PB2 is the target for the most of A1-D1 adducts.

This work was supported by RFBR, project No 18-33-00877_mol_a.
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Design and synthesis of new N-sulfonyl
and N-acylsubstituted derivatives of indole-3-carboxylic acids —
highly effective Angiotensin Il AT, receptor blockers

Platonova Ya.B.'?, Volov A.N.}, Tomilova L.G.*?

IDepartment of Chemistry, Lomonosov Moscow State University, 119991, Russian
Federation, Moscow, 1 Leninkie Gory
2Institute of Physiologically Active Compounds, RAS, 142432, Russian Federation,
Chernogolovka, Moscow Region, 1 Severny proezd

Arterial hypertension is one of the most common diseases of the cardiovascular system
according to the WHO. Although, there are a number of known anti-hypertensive drugs,
such as diuretics, B-blockers, angiotensin-converting enzyme inhibitors, calcium channel
antagonists, namely angiotensin receptor blockers have the maximum therapeutic benefit
with the minimum possible side effects.

This research presents new N-sulfonyl- and N-acylsubstituted indole-3-carboxylic acid
derivatives prepared from commercially available 2-iodoaniline; it should be noted that tert-
butylsubstituted phthalocyanine palladium was used for the first time in tandem reaction
at one of the step.

R® CH,COOH
\ R \ Ph
N\ .
in vive R \BZ

R'=H, Ms, Ts, Bz, Ac, COCF,

R2 = Ph, Hex, Propargy, /\P/hOH K;= 0,64 + 0,07 nM
RS = COOH,CH,COOH, CONH, CH,CONH, —{_)-COO0H ICs0=10,72 £ 0,08 nM

The obtained compounds were characterized by physicochemical methods: FTIR, *H, *C
NMR spectroscopy, HRMS, and thermogravimetric analysis. To assess the possible use of
synthetized compounds in the treatment of cardiovascular diseases we have conducted in
vitro and in vivo studies. The most effective compound was the indole derivative whose
structure was shown in the figure, which showed high selectivity for the angiotensin I
receptor AT, and its effectiveness when orally administered to white rats (ED,, = 3 mg / kg,
blood pressure decreased by 52 mmHg, the duration of the antihypertensive effect — 12
hours ).

The work was supported by the Russian Science Foundation (project 18-73-00216).
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Synthesis of w-Fluoro-substituted of Fatty Acids and their Ethers
with the Use of Cyclic Ketones
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One of the directions of our research is not only the development of technologies
for producing iodine-containing compounds as target substances, but also use their
in the synthesis of equally valuable fluorine-containing compounds. This means the
iodine-containing organic compounds synthesized by us are excellent precursors not
only for introducing iodine-123 radioactive label, but also for use as a linker in creating
radiopharmaceutical preparations based on *™Tc, as well as for obtaining fluorine-containing
carboxylic acids valuable for PET diagnostics.
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Scheme 1 - Obtaining @-fluorocarboxylic acids and their esters

To this end, we have developed a technology for obtaining valuable fluorine-containing
carboxylic acids on the basis of w-iodaliphatic carboxylic acids and their esters (Scheme 1).
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New analogs of carboplatin as the basis for the structural design of
compounds with high antitumor activity

Podrugina T.A.2, Pavlova A.S.?, Zhunina O.A.", Yabbarov N.G.”

“Department of Chemistry, Lomonosov Moscow State University,
Lenin Hills 1, Moscow, 119992 Russia
bRussian Research Center of Molecular Diagnostics and Therapy,
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Oncological diseases are today one of the global problems for health care. However,
previously found highly effective drugs lose their relevance due to the fact that tumor cells
and tissues that have undergone therapy with the aforementioned drugs quickly enough
acquire the multidrug resistance phenotype, manifested, to a greater extent, in reducing
the intensity of accumulation of these drugs in transformed tissues, and decrease, thereby,
efficiency of their action. In this regard, the creation of new forms of chemotherapy does not
cease to be a promising direction. The most developed and studied are platinum complexes
Pt (Il) or Pt (IV) .1

As part of this study, the synthesis of new 3-hydroxycarboplatin derivatives was carried
out, their activity on a series of cells was investigated.

0
H:N
COOH RN HN, O
RO COOH + Pt N — Pt OR
e - -
H;N cl H;N" Yo
R = PhCH,; 0
CH,C(0)
R = PhCH, (1); CH,C(0) (2)

As a result of the studies, a good antitumor potential of compound 1 was revealed,
which manifests itself in high activity against the cisplatin-resistant A549" line (IC, 51.8 uM
(1) and 179.3 uM (cisplatin)), as well as a pronounced ability to induce apoptosis after 6
hours of incubation comparison of cisplatin (12 hours of incubation) and complex 2.
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Synthesis of di- and triazaadamantane derivatives containing
monoterpene fragments

Ponomarev K.Yu.}, Suslov E.V.}, Pavlova A.V.}, Morozova E.A.}, Korchagina D.V.t,
Tolstikova T.G.*?, Volcho K.P.*?, Salakhutdinov N.F.'?

IN.N. Vorozhtsov Novosibirsk Institute Of Organic Chemistry
630090, Novosibirsk, Acad. Lavrentyev Avenue 9
’Novosibirsk State University, Novosibirsk, 630090, Russia

Studies of the biological activity of azaadamantanes are currently represented by a
small number of studies in which a narrow range of substrates has been studied, mainly
containing only aromatic or simple aliphatic substituents [1].
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A library of di- and triazaadamantanes was synthesized started from the natural
compounds of the terpene series (citronellal, citral, (-)- and (+)- myrtenal, (-)- and (+)-
camphor aldehyde, pseudoionone, etc.), by the interaction with 1,5-dimethylbispidin-9-on,
6-amino-5,7-dimethyl-1,3-diazaadamantane, 7-amino-1,3,5-triazaadamantane. Some of
the synthesized compounds showed high analgesic activity in combination with low toxicity.

This work was supported by Grant RFBR No. 18-03-00437 A.
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New 4-methyl-2H-chromen-2-one derivatives with terpene substitutes:
Synthesis and biological evaluation
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Coumarins are a class of heterocyclic compounds widely distributed in nature and
exhibited a variety of biological and pharmacological activities [1]. The different types
of substitutes in the coumarin basic structure can influence on the biological activity of
molecule. Recently coumarin derivatives with terpene moieties have been recognized as
interesting and valuable biologically active compounds [2]. At the same time, chemical mod-
ification of natural bioregulator analogs is one of the most promising methods for the syn-
thesis of new biologically active compounds. It was revealed that insertion of monoterpene
substituent in the phenols molecules reduces hemolytic and significant increases antiox-
idant activity [3]. This work is a continuation study of the synthetic potential of terpeno-
phenols to obtain highly biologically active compounds. We synthesized 4-methylcoumarins
with isobornyl and isocamphyl substituents and assessed the effect of the presence and
isomerism of terpene group on the antioxidant and membrane-protective activity [4].

It is plausible to assume that the complex of factors influence the antioxidant activity of
coumarin derivatives, including the number, isomerism and position of alkyl substituents in
the coumarin scaffold. Indeed, if only coumarins with an isobornyl moiety were significantly
superior to 7-hydroxy-4-methylcoumarin in radical scavenging activity in a reaction with a
stable DPPH radical, then on the substrate containing the brain lipids of the laboratory mice,
already all the derivatives synthesized were more active than unsubstituted 7-hydroxy-4-
methylcoumarin.

The work was carried out within the framework of the State Assignments (registration No.
AAAA-A18-118012490385-8, AAAA-A18-118011120004-5).
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Synthesis and antitumor activity
of pyridoxine-based saccharumoside-B mimetics

Pugachev M., Gabbasova R., Bastrikova O. and Shtyrlin Yu.

Research and Educational Center of Pharmaceutics, Kazan Federal University,
420008, Russian Federation, Kazan, Kremlyovskaya str, 18

Synthesis of novel biologically active substances with high efficiency and safety is one of
the most important tasks solved in medicinal chemistry. It is known that saccharumoside-B
and its bioisosteric analogues possess antiproliferative and pro-apoptotic activities [1-3].

As a continue to the systematic research of bioisosteric analogues of
saccharumoside-B we obtained new derivatives containing a fragment of pyridoxine.
Target products were synthesized from pyridoxine in 7 stages, using classical methods
of organic synthesis. In vitro study of cytotoxicity of obtained substances revealed
that some of them have high antitumor activity against breast cancer cells MCF-7 and
prostate cancer cells PC-3 (IC,, = 7.7-10.0 uM) and low toxicity against conditionally
normal skin fibroblasts cells (CC,, = 118 uM).
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Arteannuin B aminoderivatives inhibit the growth
of various cancer cell lines

Pukhov S.!, Afanasyeva S.!, Neganova M.2 and Klochkov S.!
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Arteannuin B, one of the main sesquiterpene lactone of Artemisia annua L., show
antifungal activity [1] and it is assumed that the methylene group is necessary for activity
against leukemia P 388 cells [2]. In the present study, we modified the molecule of arteannuin
B (1) by Michael-type addition with a number of amines (a-g) and investigated the activity of
the synthesized compounds (1a-g) against to a panel of cancer cell lines.

R1: H, R2: CH, (1a)

R1: CH,, R2: CH, (1b)

R1: CO,Et, R2: CH, (1c)

R1: H, R2: CHPh,OH (1d)

R1: H, R2: NC,;H,0OMe-2 (1e)

R1: H, R2: NC,H,Me-2-CI-5 (1f)

R1: H, R2: NCH,C,H,(CH,0CH,)-3,4 (1g)

Arteannuin B derivatives with 2-methoxyphenylpiperazine and ethyl piperidine-3-
carboxylate turned out to be the most active. The IC50 for these conjugates ranged from 5 to
20 uM for A549, MCF7, HCT116, RD and Jurkat cells, and data on the induction of apoptosis
by flow cytometry were obtained for various cell lines. A comprehensive assessment of
the effect of these substances on the mitochondrial characteristics suggests that their
antiproliferative activity is associated with the induction of the mitochondrial pathway of
apoptosis.

The reported study was funded by RFBR according to the research project Ne 18-33-20209.
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Chitosan derivatives: between nutrition and drug
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Chitosan exhibits a variety of physicochemical and biological properties resulting
in numerous applications such as waste and water treatment, agriculture, cosmetics,
nutritional enhancement and food processing. Due to its biocompatibility, biodegradability
and bioactivity it became a very attractive substance for diverse applications as a biomaterial
in pharmaceutical and medical fields. As a non-toxic and non-allergenic bioadhesive polymer,
chitosan has been extensively studied for its antimicrobial properties, tissue regeneration,
wound healing and immunogenic activities. Chitosan used as a feed additive for poultry and
pigs has some beneficial, biological effects, including immunomodulatory, anti-oxidative,
antimicrobial and hypocholesterolemic properties. These properties of chitosan, unlike
many other kinds of feed additives, were often reflected in improved growth performance
(body weight gain and/or feed conversion ratio) of young animals, that is, broiler chickens
and weaned pigs [1].

An amino acid, taurine, is considered to have effects on cell proliferation, inflammation
and collagenogenesis. The effect on skin wound healing of taurine-containing chitosan
gel, which releases taurine slowly, has been investigated in [2]. It has been shown that
such dosage form could be effective for rapid collagen production and enhance the re-
epithelization and tensile strength of wounds.

In the previous work [3], we have described a simple and effective synthesis method of
N-(2-sulfoethyl)chitosan, a taurine derivative, and structural analogue N-(2-carboxyethyl)
chitosan, a B-alanine derivative. Herein we report the investigation of their toxicity and
effect on body weight in white mice.

References

[1] S. Swiatkiewicz, M. Swiatkiewicz, A. Arczewska-Wlosek, and D. Jozefiak, Journal of Animal
Physiology and Animal Nutrition. 2015, 99, 1-12

[2] Z. Degim, N. Celebi, H. Sayan, A. Babdil, D. Erdogan, and G. Take, Amino Acids. 2002, 22, 187-198
[3] Yu.S. Petrova, L.K. Neudachina, A.V. Mekhaev, and A.V. Pestov, Carbohydrate Polymers. 2014, 112,
462-468



260 MedChem Russia 2019

Supramolecular vesicles formed by modificated calix[4]resorcinols and
chitosan for drug delivery
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Stimuli-responsive supramolecular aggregates have aroused wide attention in recent
decades as containers for drug delivery. The particles of nanodimensions can facilitate the
absorption of drugs by cells and their passage through the biological barriers, thus providing
better integration. In this work, the aggregates based on functionalized calix[4]resorcinols
and chitosan were studied. Chitosan is biocompatible, biodegradable and nontoxic
polysaccharide. In addition, it possesses a polycationic character because of the protonation
of amine groups in acidic medium. Due to presence of negatively charged sulfonate groups
in macrocycles the electrostatic interactions with the protonated amino groups of chitosan
with formation of aggregates are observed.

The particles obtained are capable of encapsulating hydrophilic rhodamine B and
doxorubicin. Doxorubicin encapsulation exceeds 98% in the system with calix[4]resorcinol
with sulfonated groups on the lower rim and 51% in the case of macrocycle with sulfonated
groups on the upper rim. The method of dynamic light scattering revealed the stability
of the systems obtained: triple systems with encapsulated rhodamine B vary in size
significantly rather than the aggregates with doxorubicin, i.e. supramolecular polymers
with doxorubicin are stable at least for 8 days. Therefore, transmembrane transfer was
studied by flow cytometry, where it was found that the resulting systems penetrate the
cells, and doxorubicin is more efficiently transferred due to calixarene with sulfonated
groups on the upper rim regardless of the drug concentration. It is interesting to note that
in the study of cytotoxicity a selective effect on the tumor cell line was achieved, while the
triple doxorubicin system with macrocycle with sulfonated groups on the upper rim is less
toxic to healthy liver cells. The results obtained show the possibility of spontaneous vesicles
formation in the investigated systems. The present supra-amphiphilic assemblies promise
potential applications in the biomedical field such as drug delivery and controlled release.

This work was supported by Russian Science Foundation, grant no. 17-73-20253.



Poster presentations 261

Selective butyrylcholinesterase (BChE) inhibitors with antioxidant activity
as potential multifunctional drugs
for the treatment of Alzheimer’s disease (AD)
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The growing interest in the search for selective BChE inhibitors is due to both an
increasing of BChE activity in AD progression, and the lack of cholinergic side effects of BChE
inhibitors that are typical for acetylcholinesterase (AChE) inhibitors.

We have synthesized new hybrid compounds combining the g-carboline fragment of the
Dimebon with carbazole (1) and tetrahydrocarbazole derivatives (2) in one molecule via a
triazole-containing spacer.

R R

Ry R4
/ N N
N gN N
N
A MS
A N/ N_/
N
Dimebon O
1 2 R,

The study of the esterase profile — the inhibitory activity of the compounds against
AChE, BChE and the structurally related carboxylesterase enzyme showed that all conjugates
1 and 2 are effective and selective inhibitors of BChE, with IC,, values in the micromolar
concentration range. Moreover, according to the results of the ABTS test, conjugates 1 and
2 are scavengers of free radicals, similar in activity to the standard antioxidant Trolox. The
replacement of the carbazole moiety (1) by the tetrahydrocarbazole (2) was shown to have
virtually no effect to the anti-BChE activity of the conjugates, but significantly increases their
ability to scavenge free radicals. Whereas the presence of electron-withdrawing substitu-
ents in the tetrahydrocarbazole fragment 2 (R, = F, OCF,) reduces both of these activities.

Thus, conjugates 2, which effectively and selectively inhibit BChE and possess high rad-
ical-scavenging activity, are of interest for the further development of the safe multifunc-
tional drugs for AD therapy.

This work was supported by the Russian State assignment # 0090-2017-0019 to IPAC RAS.
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The receptor layer structuring of electrochemical immunosensors
by electrographing salts of carboxy-1,2,4-triazolediazonium and
carboxyphenyldiazonium

Svalova T.S., Saigushkina A.A., Medvedeva M.V., Malysheva N.N.,
Zhdanovskikh V.0., Kozitsina A.N.
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Modern medicine requires the development and creation of analytical devices combining
high specificity and sensitivity with fast definition rate, simplicity, and portative design.
These properties have electrochemical immunosensors. It is sensor that includes antigen
or antibody immobilized on the surface of the transducer as an element of bio-recognition.

One of the prevalent methods of electrode fictionalization for the subsequent covalent
immobilization of a bioreceptor is electrografting of aryldiazonium salts. The process usually
is accompanied by the formation of thick polylayers on the electrode surface formed as
a result of free radical substitution in the aryl ring of the first modifier layer. Such layers
reduce the rate of electron transfer and therefore have a negative effect on the analytical
characteristics of electrochemical immunosensors.

The aim of the work was a comparative study of the effect of the modifying layer
structure formed by electrographing of 4-carboxyphenyldiazonium and 3-carboxy-
1,2,4-triazolediazonium salts, the subsequent immobilization of antibodies against
carcinoembryonic antigen by the method of carbodiimide crosslinking on the analytical
characteristics of label-free electrochemical immunosensors.

The results indicate differences in the electrographing mechanisms of the investigated
diazonium salts on the surface of a gold disk electrode under selected operating parameters.

This work was supported by the Russian Scientific Fond (grant number 17-13-01096)
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a-Amino ketones assist a significant role in organic chemistry as they are found in a large
variety of biologically active natural products. Commercial medicines such as mephedrone
[1] and bupropion [2] hold a-amino ketones as well as the proteasome inhibitor epoxomicin
[3]. In organic synthesis, this moiety is also very valuable for the preparation of 2-amino
alcohols and nitrogen-containing heterocycles [4].

Owing to their importance, synthetic organic chemists have endeavored various
methodologies based on different modifications. Herein, we are pleased to report an
efficient and regioselective methodology for the synthesis of a-sulfonylamino ketones
derivatives by the coupling of terminal alkynes with sulfonamides in presence of PIDA at
room temperature under ambient air [5].

R1
i PIDA (0.25equiv) O H
R—= + R' S—NH; - )K/I{J 0
- CHLCN, rt, 10h R 'S
0

(0]
R = aryl, heteroaryl

R'=H, Me, CI
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Triazolo[5,1-c][1,2,4]triazine: synthesis and bioactivity
Sapozhnikova I.M.?}, Rusinov V.L.}, Babkov D.A.? and Spasov A.A.2
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The rapid growth in the incidence of diabetes mellitus throughout the world determines
the relevance of the search for new drugs against diabetes. In addition to drugs that
eliminate hyperglycemia, also of interest are compounds that can inhibit non-enzymatic
glycosylation of proteins, leading to the accumulation of advanced glycation end-products
and the development of multiple complications of diabetes mellitus [1].

A large amount of biologically active compounds was found among the condensed
azolotriazines. In particular, it was previously shown that the derivatives of pyrazolo- and
1,2,4-triazolo[1,2,4]triazines have a considerable anti-glycating activity [2].
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Several 4-oxo-1,2,4-triazolo[5,1-c][1,2,4]triazines and 4-amino-1,2,4-triazolo-[5,1-c]
[1,2,4]triazines were synthesized and evaluated in vitro as inhibitors of advanced glycation
end-products formation. Some of the studied compounds showed higher activity than that
of the reference drug aminoguanidine.

The work was supported by the Ministry of education and science of The Russian Federation
(project 4.6351.2017/8.9)
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Synthesis of pharmacologically active analogue of dimeric dipeptide
mimetic BDNF 4th loop GSB-106
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A dimeric dipeptide mimetic GSB-106 (bis-(N-monosuccinyl-L-seryl-L-lysine)
hexamethylenediamide) was designed on the basis of the B-turn structure of the BDNF loop
4. [1] Dipeptide GSB-106, like BDNF, induced the activation of TrkB receptors, and activated
ERK and AKT post-receptor signaling pathways [2], exhibited neuroprotective activity on
neuronal cell cultures in the concentration range 10°-10%M and possessed specific for BDNF
antidepressive activity in a series of rodent tests in doses of 0.1, 0,5 and 1.0 mg/kg ip [3].

To study the role N-acyl radical in activity of GSB-106 its acetyl analog (bis-(N-acetyl-L-
seryl-L-lysine) hexamethylenediamide (GTS-106Ac) was synthesized, in which monosuccinyl
radical was replaced by acetyl radical, and its neuroprotective activity in vitro and
antidepressive activity in vivo were studied.

Synthesis of dipeptide GTS-106Ac was carried out by classical peptide synthesis in
solution by elongation of the peptide chain from the C-terminus, using the Z/Boc strategy
of protecting groups and the activated N-hydroxysuccinimide and pentafluorophenyl (for
protected serine) esters method.

In the first stage, activated N-hydroxysuccinimide esters of Na-Z, Nw-Boc-protected
lysine, acetic acid and pentafluorophenyl ester of serine were synthesized, and
dicyclohexylcarbodiimide was used as a condensing agent. Reactions were carried out with
cooling to +10°C for N-hydroxysuccinimide esters and to 0 - +5 °C for pentafluorophenyl
esters. The reaction yield was 90-95%. In the second stage Z-Lys(Boc)-OSu was condensed
with hexamethylenediamine in DMF for 12 h, getting appropriate hexamethylenediamide
with a yield of 92%, which was then N-deblocked by catalytic hydrogenolysis in the presence
of 10% Pd/C. The resulting bis-peptide was condensed with Z-serine pentafluorophenyl
ester in DMF at room temperature. Then Z-protected bis-dipeptide was subjected to
catalytic hydrogenolysis and entered into reaction with acetic acid N-hydroxysuccinimide
ester. Reaction was carried out at room temperature in DMF, getting product with a yield
of 77%. In the final stage t-butyloxycarbonyl protecting groups were removed by anhydrous
TFA in CH,Cl, and then obtained GTS-106Ac trifluoroacetate was conversed to acetate by
5x treatment with 10% acetic acid. Overall yield of homogeneous according to TLC and RP-
HPLC GTS-106Ac was 57%. The structure and diastereomeric purity of the resulting and
intermediate compounds were confirmed by *H-and *C-NMR.

The study of neuroprotective activity on neuronal cell culture HT-22 under conditions of
oxidative stress caused by H,O, showed that GTS-106Ac in the concentration range 10°-10°®
M increased neuronal survival and demonstrated neuroprotective effect which by severity
was comparable to the activity of GSB-106. The study of antidepressive activity of GTS-
106Ac in Porsolt learned helplessness test when administered intraperitoneally in mice at
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doses of 1-5 mg/kg, a significant decrease in the immobility time was detected compared
with animals from the control group. The severity of the effect of GTS-106Ac did not differ
from the severity of the effect of GSB-106 in the same dose (1 mg/kg).

Thus, the replacement of the monosuccinyl radical with acetyl in the structure of GSB-
106 does not lead to a change in the pharmacological activity of the latter.
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New mitochondria-targeted antioxidants based
on trans-resveratrol heteroanalogs
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Mitochondria are a key source of reactive oxygen species (ROS) in the cell. Antioxidants
that can be accumulated and act directly in the mitochondria attract attention, preventing
ROS from entering the cytoplasm of the cell and thus protecting it from oxidative stress. The
vectors for the delivery of antioxidants into mitochondria are lipophilic cations, which easily
penetrate into it due to the large negative membrane potential inside the organelle [1].

Previously, we synthesized a number of hydroxyl-substituted trans-stilbazole derivatives
(analogues of natural polyphenol — resveratrol) and their higher antioxidant activity com-
pare with the prototype was shown [2]. The obtained compounds can easily be convert-
ed into lipophilic cations by quaternization of the pyridine nitrogen atom. There are some
examples of the pyridinium derivatives using as mitochondria-directed transporters in the
literature [3]. The calculated coefficient of accumulation obtained taking into account the
membrane potential and the difference in pH values in the intercellular space and the mito-
chondrial matrix predicts the better penetration of the studied compounds into the organ-
elles compare to the original substances.

The target compounds were synthesized and their antioxidant activity was studied
on the model of peroxidation of lipids in mitochondrial membranes in the MDA test. A
significant decrease in the concentration of MDA compared with the control was shown
in the concentrations of more than 15 uM, which is better than the values obtained in the
same test for non-quaternized initial stilbazoles.
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New nitrogen-containing ursolic acid heterocycles with thiol group:
synthesis and biological activity
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New ursolic acid derivarives containing fragments of 3-mercapto-1,2,4-triasoles and
2-mercapto-1,3,4-oxadiasoles have been synthesized. The derivatives potentially posess
biological activity.
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Hydrasides 2 n and 3b have been obtained from ursolic acid 2a and 3a. Heterosyclic
derivatives have been synthesized from hydrasides obtained according sheme 1, and
conditions for derivatives alkylation nave been found. We have stydied the selective
oxidation conditions from sulfides to sulphons as anticancer activity has been detected
[1] in 1,3,4-oxadiasoles having the sulphone group. The compounds obtained nave been
send to explore anticancer activity. We have been investigating the sulphones and N-,
S-nucleophiles interaction.

This work was supported by the grant RFBR 18-53-76001.
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through oxidative cyclization strategy
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Triazoloazines constitute an important class of heterocyclic compounds. They are part
of various biologically active compounds, for example, antibacterial, anti-inflammatory
and herbicidal agents. Therefore, the current task of organic synthesis is development of
new methods for the synthesis of azoloazines, which make it possible to obtain potential
biologically active compounds from commercially available compounds under mild
conditions.

In this research, the oxidative cross-dehydrogenative cyclization was demonstrated
for the synthesis of 1,2,4-triazolo[4,3-a]azines from corresponding azinylhydrazones
in the presence of hypervalent iodine(lll) (Scheme 1). So, the new 1,2,4-triazolo[4,3-a]
azines containing both heterocyclic (thiophene, pyridine) and metallocene (ferrocene,
cymantrene) fragments have been received. The hypervalent iodine(lll) are attractive for
these transformations, because it has a low toxicity and a high oxidative properties and

stability.
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Synthesis of new hydrophobic analogues of aminophosphonic acids

Sergunova V.E., Shuvalov M.V.,, Podrugina T.A.
Lomonosov Moscow State University, Chemistry Department, 119991, Moscow, Russia.

a-Aminophosphinic acids and their derivatives are of great interest for medical chemis-
try, as they have a high potential for creating structural diversity and have a range of phar-
macological activities, including Alzheimer’s disease, hepatitis, HIV, malaria. This makes
them a promising tool in the development of new drugs [1].

Previously, we developed a universal catalytic method for the synthesis of phosphorus
peptidomimetics using tetra-tert-butylphthalocyanine aluminum chloride (*PcAICI) as a cat-
alyst for three-component (Kabachnik-Fields) and two-component (Pudovik) hydrophos-
phorylation reactions. The effectiveness of this catalyst has been confirmed in our previous
studies [2]. Continuing to study the possibilities of this catalytic method, we used it to create
an aminophosphinate site [3].

In the present work, we have obtained hydrophobic analogs of aminophosphonic acids -
a-aminophosphinates based on secondary cyclic amines, including biogenic ones. The con-
ditions of the three-component hydrophosphorylation reaction were also optimized for the
production of a-aminophosphinates.
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Nanohydroxyapatite and its hierarchical textures
as carriers of medical radionuclides
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Modern development of nuclear medicine cannot be imagined without introducing new
promising diagnostic and therapeutic radionuclides and radiopharmaceuticals based on
them. Due to their nuclear-physical and chemical properties, short-lived alpha-emitters (Ra-
223, Ac-225, Bi-213, Pb-211) are effective for treating cancer and are successfully passing
clinical trials. However, the scope of their use is limited by the availability of suitable means
of delivery to cancer cells. Organic and inorganic nanotransporters are increasingly used as
delivery system. In this work, we proposed nanosized hydroxyapatite (HAP), which has both
complete biocompatibility and, in many cases, bioactivity, for the target transport of the
mentioned radionuclides. It does not accumulate, but is completely metabolized in the body
and has long been widely used in medical practice, including as a carrier of medicines. The
HAP is able to form various hierarchical textures, each of which can find its application in
different variants of nuclear medicine. In our work, the focus was on identifying patterns of
sorption interaction between the selected radionuclides and HAP of several morphological
and textural forms. The kinetics and isotherms of sorption and desorption of radionuclides
on HAP from aqueous solutions were studied. The diffusion of radionuclides in a granular
sorbent or in its watered layer was studied and the diffusion coefficient in these media was
estimated (for Ra and Ac). For the binding of the radionuclide and carrier, a cocrystallization
method was also proposed, when the target radionuclide is introduced directly into the
synthesis of the sorbent itself (in this case, HAP).

This work was supported by the RFBR grant No. 18-03-00432.
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Antimicrobial activity of hydrogels based on silicon, zinc, and boron
glycerolates: comparative evaluation
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Growing resistance of pathogenic and conditionally pathogenic bacteria and fungi to
antimicrobial drugs is dangerous for public health. Previously we synthesized by the sol—gel
method pharmacologically active hydrogels based on glycerolates of silicon Si(C,H.O,),, zinc
ZnC3H603l and boron HB(C,H 0,),: Si-gel [1], Si-Zn-gel [2], Si-B-gel [3], and Si-Zn—B-gel [4].

The purpose of this work was the comparative study of antimicrobial (antibacterial
and antimycotic) activity of these gels. The antimicrobial activity was studied by agar well-
diffusion and serial dilutions methods using conventional test cultures. Tetracycline and
Exoderil were used as positive control.

It was shown that Si-Zn—B- and Si—B-gel possessed the highest antibacterial activity
comparable to Tetracycline. Si—Zn-gel was less active, Si-gel demonstrated no antimicrobial
properties. Si—-Zn—B-gel showed high fungicidal activity, in particular with respect to Candida
albicans, exceeding Exoderil. Correlation of composition, structure, and antimicrobial
properties of the hydrogels was considered. Explanation of the higher antimicrobial activity
of Si—Zn—B-gel was proposed.

Si—Zn—B- and Si—B-gel could be an effective and safer alternative to conventional topical
antimicrobial agents for treatment of diseases of skin and mucous membrane.

References

[1] Russian Patent 2623153, 2017.

[2] O.N. Chupakhin, T.G. Khonina, N.V. Kungurov, N.V. Zilberberg, N.P. Evstigneeva, M.M. Kokan, A.l.
Polishchuk, E.V. Shadrina, E.Yu. Larchenko, L.P. Larionov, and M.S. Karabanalov, Russ. Chem. Bull. (Int.
Ed.), 2017, 66(3), 558-563.

[3] T.G. Khonina, M.V. lvanenko, O.N. Chupakhin, A.P. Safronov, E.A. Bogdanova, M.S. Karabanaloy,
V.V. Permikin, L.P. Larionov, and L.I. Drozdova, Eur. J. Pharm. Sci., 2017, 107, 197-202.

[4] T.G. Khonina, A.P. Safronov, E.V. Shadrina, M.V. lvanenko, A.l. Suvorova, and O.N. Chupakhin, J.
Colloid Interface Sci., 2012, 365, 81-89.

This work was carried out in the framework of the state assignment of Russia (theme no.
AAAA-A19-119011790130-3).



Poster presentations 273

Homotaurin-containing Derivatives of Lactams and Pyrimidines:
Synthesis, Structure and Biological Activity
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One of the directions for creating new perspective biologically active compounds is
the combination of different pharmacophoric fragments in one molecule. In this regard,
derivatives of N-substituted lactams and pyrimidines are of interest, because they have
a broad spectrum of biological activity (active ingredients of such drugs as Nootropil
(Piracetam), Fenotropil, anti-epileptic agent Keppra, anticoagulant Apixaban) [1-2]. The
biological activity of homotaurine-containing cyclic amides is currently less studied [3].

Based on in silico (QSAR) methods we synthesized compounds 1a-d and 2a-b (Fig. 1),
selected as the “leader” substances, by the reaction of N-sylylated lactams and pyrimidines
with 1,3-propanesultone, with subsequent processing of resulted sulfonic acid by CaO or
CaCo..

1an=1,R=H o 2a:R=H
1b:n=1,R=Ph R R 2b: R = CH;
1c:n=2.R=H m Ca HN | Ca
1d:n=3,R=H
e o™y
(CH2)3S03 | 5 (CH5)3S03 s
1a-d 2a-b

Fig1
In preliminary biological activity tests for all synthesized substances high efficacy in
antioxidant and cytoprotective activity was shown. The data correlates well with the
computer prediction results using Pass Online Program.
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Amino-functionalized 1-(2-hydroxypolyfluorophenyl)prop-2-ene-1-ones:
synthesis and antimycotic activity
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The reactions of 3-acetyl- and 3-benzoyl-substituted polyfluorochromones 1a,b, 2a,b
with amino acids and dopamine were shown to be realized by two alternative routes with
the formation of N-substituted aminoenketones 5-8, 11, 12, due to the pyrone cycle opening
and deacylation, and/ or the products of nucleophilic aromatic substitution of fluorine atoms
3, 4,9, 10, depending on the nature of the substrates, nucleophilic reagents and reaction
conditions. As a result of a microbiological study, it was determined that aminoenketones
5b, 6b, 7a, 8b, 11a,b, 12b exhibit an antimycotic effect against dermatophyte test strains
from moderate to high values. Data on the most active compounds 8b, 12b are given in the
table.

R' O F
— F F R
! + H
. R N COM
R" o R? '\“Hz £ o4 O R (CHz)q
F ° (?Hz)n 3a,b,43,bé50~56%) 5a,b-8a,b (11-20 %)
| CO,H 5
F 0" R ) R
R*= Me H
1a,b, 2a b
F (4ab) ¢ N_ COH
dopa'HC[l v A (C'(-i)z)n 5a,b,6a,b (47-55 %)
F
F
F R' COzH | A
HoC 2 (01 %),
F o F L )\N o~ “ph 10a (50 %)
F
OH O HN £ o OH ©
F F
HO COoH o+ COzH ‘
E() 0 (HoC)_ (H2C)
"o 11a,b 12a,b (37-50 %) O &5 " N " S
H F  9b 10b H g 9, 10c

R'=H (@), F (b); 1,3,11: R? = Me; 2,4,12; R? = Ph; 5: R? = Me, n = 2; 6: R? = Me, n =3; 7,9: R = Ph, n = 2, 8,10: R = Ph, n =3;
i: EtOH, AcONa*3H,0, DIPEA (50 % mol) ,23°C, 96 h; i EtOH, 0.5M carbonate buffer, MW, 20 W, 80°C, 0.1 MPa, 4 h,
i EtOH, 0.5M carbonate buffer, MW, 50 W, 130°C, 0.9-1.0 MPa, 4 h; iv: EtOH_ps, EtzN, 23 °C, 10 h, inert atmosphere

Antimycotic activity, MIC, ug/mL
Compound |7, T T T T E. M. C.
rubrum | gypseum | tonsurans | violaceum | interdigitale | floccosum | canis | albicans
8b 1.56 25 50 200 200 50 1.56 >200
12b 1.56 25 3.12 3.12 200 12.5 1.56 12.5
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SEARCH FOR ACETYLCHOLINESTERASE INHIBITORS AMONG
THE SUBSTITUTED 1,3-DIHYDRO-2-OXO-1H-BENZIMIDAZOLE-1-
CARBOXAMIDES
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2,3-Dihydro-2-oxo-1H-benzimidazole-1-carboxamides, benzimidazolone derivatives are
biologically active substances. Among these compounds are selective serotonin receptor
ligands, inter alia, ligands of unique 5-HT4a subtype such as BIMU-8 (6b). The latter is located
in the brain region called “pre-Botzinger complex”. This region ensures respiratory rhythm
generation in humans [1]. Additionally, it was found that BIMU-8 has a positive effect on
cognitive function, which is caused by the regulation of serotonin receptors. Improvement
of cognitive functions may also be due to the inhibitory effect of this compound on
cholinesterase, however, studies confirming this assumption have not been previously
conducted.

We have developed an efficient general approach to the synthesis of 2,3-dihydro-2-oxo-
1H-benzimidazole-1-carboxamide derivatives based on nucleophilic substitution of ortho-
dinitrobenzenes

1

‘ 1
\@: SO HN—R R’ \@ O @[ cocl, \@ o
=

2a-g R 3a-g R
B'g o

QN‘/OV 1 7 3
6a: R =CF3; R =iso-propyl; R =tropine; Ki(uM)=41.7;

VA 6b (BIMU-8): R'=H; R’=iso-propyl: R =tropine; Ki(uM)=363.9;
— o K s R’=cf=3; R’=iso-propyl; R3=N,N—diethyletheleniamine; K i (uM)=39.66;
\>/NH 6d: R’ =H; R =iso-propyl; R N N-diethyletheleniamine; K ; (uM)=97.3

R!
L N\i 6e: R: =H; R =cyclo-propyl; R3 N,N-diethyletheleniamine; K ;(uM)=228.2
— ° ' /*O 6f: R =H; R =cyclo-| propyl R”=N,N-dimethyletheleniamine; K ; (uM)=348.2;

}Rz 6g: R' =H; R2 =t-butyl; R’= =N,N-diethyletheleniamine; K ;(uM)=176.8
6a-g

For the synthe5|zed 1,3-dihydro-2-oxo-1H-benzimidazole-1-carboxamides (6a-g),
including BIMU-8 (6b), the inhibition constants (K/) of acetylcholinesterase were determined
by the modified Ellman tablet method.

Analysis of the results showed the presence of inhibitory activity in the obtained
products (6a-g), which made it possible to consider these compounds as potential
acetylcholinesterase inhibitors, which are known to be used in the supportive treatment of
Alzheimer’s disease. It was established that the introduction of the trifluoromethyl group
into the phenyl fragment of benzimidazolone increases the activity tenfold.
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Metal complexes of polyfluorosalicylates as promising antifungal
and antimicrobial agents
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The salicylic acid and its derivatives are widely used as medicines. Metal complexes
based on salicylic acid possess anti-Candida [1] and antitumor [2] activity. Recently, we
have developed the methods for synthesis of polyfluorosalicylic acid 1 and their derivatives,
which were revealed anti-inflammatory [3] and tuberculostatic [4] action. Metal complexes
3-5 were obtained via the reaction of acids 1 with the transition metal salts {Co(ll), Cu(ll),
Mn(l1)} followed by treatment with 2,2’-bipyridine or 1,10-phenanthroline. According to the
X-Ray analysis, elemental analysis and mass-spectrometry, the structure of metal complexes
was found to depend on a nature of being used salt.

E
Co(OAC); or Mn(OAc), OH
-—

4 R=HF

N N=
Cu(OAc), Q_Q

The biological investigation of metal complexes 3-5 showed that Co(ll) and Mn(ll)
polyfluorosalicylate derivatives had the high antifungal activity (minimum inhibitory
concentration (MIC) is up to 3.12 mg/ml). In addition, Cu(ll), Co(Il) and Mn(Il) complexes of
tetra- and trifluorosalicylates demonstrated antibacterial action against three opportunistic
strains at MIC to 15.6 mg/ml, but against Neisseria gonorrhoeae — at MIC to 3.9 mg/ml.

This work was financially supported by Program UB RAS (Project Ne 18-3-3-16).
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Synthesis, anticholinesterase activity and molecular modeling
of 9,10-dihydroacridines
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The increase in life expectancy and population ageing inevitably leads to an increase in
the number of neurodegenerative diseases. The most common type of dementia in older
people is Alzheimer’s disease, a multifactorial and fatal neurodegenerative disorder, which is
characterized by a constant decrease in cognitive function and memory, up to the complete
degradation of the individual. Modern methods of treatment alleviate the symptoms, but do
not yet allow stopping or slowing the progression of the disease. Currently, disease therapy
is based on cholinesterase inhibitors, which are capable of increasing the concentration of
acetylcholine in cholinergic synapses. The first drug of this type was Tacrin, however, it had
already been withdrawn from the clinical use due to its hepatoxicity. Currently, the number
of approved drugs is limited to only three cholinesterase inhibitors (rivastigmine, donepezil
and galanthamine), as well as one NMDA antagonist (memantine). Therefore, the search
and creation of effective and safe drugs for the treatment of Alzheimer’s disease is of great
scientific interest.

We have previously obtained the amino derivatives of acridine compounds that possess
the properties of effective cholinesterase inhibitors and exhibit high radical-scavenging
activity, which makes them promising for use in the creation of multifunctional drugs for
the treatment of neurodegenerative diseases, such as Alzheimer’s disease [1]. This work
involves the directed synthesis of new amino compounds of acridine, which would show a
more pronounced inhibitory activity against cholinesterase.

References

[1] G. F. Makhaeva, S. V. Lushchekina, N. P. Boltneva, O. G. Serebryakova, E. V. Rudakova, A. A.
Ustyugov, S. O. Bachurin, A. V. Shchepochkin, O. N. Chupakhin, V. N. Charushin, R. J. Richardson,
Bioorganic & Medicinal Chemistry. 2017, 25, 5981-5994

This work was supported by state project No AAAA-A19-119011790130-3.



278 MedChem Russia 2019

BRCA1 and estrogen receptors alpha and beta expression regulation in
breast cancer cell lines
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Introduction. BRCA1-associated cancer mainly develops in estrogen dependent tissues.
The aim of the research is the study of BRCA1 and ERa/B expression in breast cancer cells in
the circumstances characterized with epigenetic regulation of gene expression: prolonged
hypoxia [1] and phytoestrogen influences inducing core histones modifications [2].

Materials and methods. MCF-7 breast cancer cell line was exposed to moderate (1% O,)
prolonged hypoxia (1, 4, 6 and 10 days) in DMEM medium with 10% of fetal bovine serum.
MCEF-7 breast cancer cells were incubated with phytoestrogen genistein at concentrations 7,5
MM, 15 uM, 30 uM and 60 uM during 24 hours in DMEM medium with 10% of fetal bovine
serum without steroids. Marker expression parameters (BRCA1, ERa and ERP being the main
phytoestrogen target) were determined using immunofluorescent method associated with
flow cytometry and Kolmogorov-Smirnov statistical method. Expression level - the portion (in
percent) of specifically fluorescent cells comparatively to the control cells (staining with sec-
ondary antibodies); and expression intensity: the specific fluorescent intensity of the cells.

Results. 1. The increase of MCF-7 breast cancer cells exposure to hypoxia from 1 to 4,
6, 10 days led to the decrease of BRCA1 expression level in 1.3; 1.4; 1.5 and 1.9 folds, re-
spectively, comparatively to the control (incubation of the cells at normal O, content (21%)),
whereas the marker expression intensity did not change significantly. 2. Incubation of MCF-
7 cells during prolonged hypoxia induced at 10 days the diminution of ERa expression level
in 1.5 fold and the marker expression intensity —in 2.1 folds comparatively to the control. 3.
The increase of genistein concentration from 7.5 uM to 30 uM led to the augmentation of
BRCA1 expression intensity with maximum 1.4 folds at the genistein concentration 30 uM.
Higher genistein concentrations (60 uM) did not induce the increase of the marker expres-
sion intensity. 4. Genistein in the concentrations 7.5 uM, 15 uM and 30 uM also increased
ERP expression intensity in 1.6; 1.3 and 1.7 folds, respectively, without influence on ER
expression intensity at the concentration 60 uM. 5. Incubation with genistein at the concen-
trations 7.5 uM, 15 uM, 30 uM and 60 uM diminished ERa expression intensity in 1.4; 1.3;
1.4 and 1.9 folds, respectively.

Conclusion. Results of the study demonstrate the decrease of BRCA1 and ERa expression
at the prolonged hypoxia. Phytoestrogen genistein did not influence similarly the BRCA1,
ERa and ERPB expression: it increased BRCA1 and ERP expression and reduced ERa expres-
sion. Therefore, the data obtained point to different effects of phytoestrogen genistein on
breast cancer markers and open perspectives of the research of molecular mechanisms in-
volved in these processes. (RFBR grant 18-29-09017).
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Berberine derivatives as Tdp1 inhibitors
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Berberine 1is anisoquinoline plant alkaloid which shows multiple biological activity. One
of the important properties of berberine and its derivatives is anticancer activity. Tdp1lis a
human DNA repair enzyme. It is considered to be a potential target for adjuvant therapy of
cancer treatment. Tdp1 inhibitors can be used in combination with topoisomerase inhibitors
and other antitumor agents. Information about protoberberine structures as potential
Tdp1 inhibitors is not described in literature yet. Newly synthesized berberine derivatives
containing reduced ring C and some substituents at 9- and 12-positions have shown to be
capable to inhibit Tdp1 at micromolar concentrations in screening tests.
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New structural types of carbocyanines with two chromophore groups:
synthesis and properties
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Due to their highly effective fluorescent properties, carbocyanine dyes are successfully
used in biology and medicine to investigate the mechanisms of action of drugs, as well
as a means of early diagnosis and as therapeutic agents. The carbocyanines containing
two chromophore fragments are the least studied in this area [1]. The structure of the
dye containing four heterocyclic cores allows to significantly expand the combinatorial
possibilities for the directed design of the structures in order to optimize the photophysical
and pharmacophoric properties.

In the present investigation, the synthesis of a series of new biscarbocyanine dyes based
on a combination of heterocycles of different structural types and hydrophilic and lipophilic
substituents at nitrogen atoms was performed. It has been shown that the photophysical
properties (absorption maximum, extinction coefficient, fluorescence quantum vyield, etc.)
depend both on the replacement of the heterocyclic system and on the variation of functional
groups in the substituent at the nitrogen atom. For example, it was shown on the HCT116
cell line that dyes containing hydrophobic alkyl groups have pronounced cytotoxicity, and
the introduction of hydrophilic sulfo groups into a substituent at the nitrogen atom leads to
sharp decrease of the cytotoxicity.
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Synthesis, antibacterial and antitumor activity of quaternary ammonium
salts of pyridoxine functionalized 2-amino-6-sulfanylpyridine-3,5-
dicarbonitriles or pentaerythritol ethers
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A library of 21 quaternary ammonium salts of pyridoxine functionalized with 2-amino-6-
sulfanylpyridine-3,5-dicarbonitrile or pentaerythritol moieties was synthesized. Compounds
3 were obtained using a three-component one-pot reaction of aldehyde derivatives of
pyridoxine 1, malononitrile and thiophenol [1]. Compounds 5-7 were synthesized from
pentaerythritol 4 and the corresponding 6-hydroxymethyl derivatives of pyridoxine in
6-8 stages. The obtained bi-, three- or tetrapyridine structures demonstrated expressed
antibacterial activity with MICs in the range of 0.5-4 ug/mL against the three studied Gram-
positive strains and 2-64 pg/mL against three Gram-negative strains, which was comparable
or better than activity of the reference antimicrobial agents myramistin and benzalkonium
chloride. Several compounds also demonstrated high cytotoxic activity against MCF-7, SNB-
19 and HCT-116 tumor cells.
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Influence of ligand environment on the stability and activity of Ru(ll)-
arene anticancer compounds with targeting ligands
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Cisplatin and other platinum-based compounds are most widely used in clinics for
the treatment of various types of cancer. Ruthenium coordination and organometallic
compounds are a promising alternative in the search of the new metal-based antitumor
agents. Different approaches have been explored, including mono- and bifunctional
compounds such as RAPTA compounds, targeted approaches, protein kinase inhibitors,
ruthenium-arene clusters. Recently we reported new highly active organometallic Ru(ll)-
arene compounds [1] based on imidazole modified targeting ligands such as lonidamine and
bexarotene. However, reported compounds showed fast partial ligand exchange behavior
in DMSO solution which is widely used in the MTT assay to support solubility of new metal-
based anticancer compounds.
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4,5,6

Cl

In this work, in order to increase stability, we modified ligand environment at the
ruthenium moiety by substitution chloride ligand with oxalate ligand (1-6) or by an
introduction of the second ligand in the coordination sphere and obtaining charge
complexes (7-12). All synthesized compounds showed resistance to the ligand exchange in
DMSO solutions. Interestingly, that new compounds (1-12) in the MTT test show a similar
level of antiproliferative activity compare to the early reported compounds.
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Sterically hindered catechol thioethers: synthesis, electrochemistry,
antioxidant and cryoprotective activities

Smolyaninov I.*?, Pitikova 0.}, and Berberova N.!
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A number of asymmetrical thioethers based on 3,5-di-tert-butylcatechol containing sul-
fur atom bonding with non-polar, polar or physiologically active groups in the sixth position
of aromatic ring have been synthesized and the electrochemical properties, antioxidant,
cryoprotective activities of new thioethers have been evaluated.

tBu
Radical scavenging activity in the reaction Ol
with superoxide radical anion, DPPH radical :
Redox active fragment,
Inhibition of promoted oxidative damage of primary antioxidant
DNA, lipid peroxidation, GSH depletion, iron(Il) |~ Bu
binding properties in vitro
R Secondary antioxidant
Cryoprotective effect in the process of
. % -
cryopreservation of the Russian sturgeon Non-polar, polar,
and white salmon sperm physiologically active group

Cyclic voltammetry was used to estimate the oxidation potentials of thioethers in
acetonitrile and to propose the mechanism of oxidation. The reaction of electrogenerated
superoxide radical anion (or KO,) with the target compounds was researched. The antioxidant
activities of the compounds were determined using 2,2’-diphenyl-1-picrylhydrazyl radical
(DPPH) assay, experiments on the oxidative damage of the DNA, the reaction of 2,2’-azobis(2-
amidinopropane hydrochloride) (AAPH) induced glutathione depletion (GSH), the process
of lipid peroxidation of rat liver (Wistar) homogenates in vitro, and iron(ll) chelation test.
The variation of different groups at sulfur atom allows to regulate lipophilic properties
and antioxidant activity of compounds. Several thioethers demonstrate the combination
of radical scavenging, antioxidant activity and iron(ll) binding properties. The catechols
were studied as cryoprotectants of the media for cryopreservation of the fish sperm. A
cryoprotective effect of an addition of the thioethers depends on the structure of groups at
sulfur atom.

The work was supported by the Russian Science Foundation grant 17-13-01168.
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Reaction of 5-aryloxazolidines with CH-acidic compounds

Smorodina A.A., Buev E.M., Moshkin V.S. and Sosnovskikh V..

Institute of Natural Sciences and Mathematics, Ural Federal University,
620002, Russian Federation, Ekaterinburg, Mira Street, 19

An oxazolidine ring is well known and widely used in organic chemistry. Despite the
simplicity of this heterocyclic system it possesses a versatile reactivity. In particular, general
direction of the reactivity of oxazolidines is their ring-opening by nucleophilic attack at C-2,
located between two electron-deficient atoms (N and O), resulted in the amino alcohol
formation.

<EWG EWG
O/\ EWG MQ(OEt)z OH Me EWG X
- | X
)\/N Me < ETTNN )\/N \)\
Ar X PhMe, A | Ar X X
1 2 3 EWG
4

X = CO,Et, CO,Me, Ph: EWG = CO,Et, CO,Me, Bz

However, the reaction of 5-aryloxazolidines 1 with 1,3-dicarbonyl compounds has
not been investigated. It was found that the reaction of oxazolidine 1 with methylene-
active compound 2 in the presence of catalytic amounts of Mg(OEt), did not stop at the
formation of amino alcohol 3, and proceeded further via decomposition of Mannich base
and elimination of the amino alcohol. The formed terminal alkene reacted with a second
molecule of CH,-active compound 2. As a result, methylene-bridged bis-1,3-dicarbonyl
compounds 4 were obtained in 39 to 71% yield. Thus, the oxazolidine ring appears to be the
synthetic equivalent of formaldehyde.

This work was financially supported by the Russian Science Foundation (Grant 17-73-20070).
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Direct C-H functionalization in the synthesis of potential agents
for boron-neutron capture therapy (BNCT)

Smyshliaeva L.A."?, Fomina E.l.%, Varaksin M.V.*?, Chupakhin O.N.*? Charushin V.N.'?
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Boron neutron capture therapy (BNCT) is an experimental method of treating malignant
tumors, based on the nuclear capture and fission reactions that takes place, when
nonradioactive boron-10 is irradiated with thermal neutrons to yield high linear energy
transfer particles that can lethally damage cancer cells.

One of the limitations of this method is associated with the design of effective boron
delivery agents to target tumors. A convenient approach for the modification of carboranes,
which are of particular interest as potential agents for BNCT has been developed. It has
been found that the direct, nucleophilic functionalization of C(sp?) -H bond in aromatic and
nonaromatic N-oxides by action of carboranyllitium leads to the formation of various boron-
enriched azaheterocyclic derivatives [1-3].
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This study was supported by the Russian Ministry of Education and Science (State contract
4.6351.2017/8.9).
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Mavoglurant analogues synthesis via
the aza-Coupe-Mannich rearrangement

Spiridonov E.A.%, Belov D.S.%, Kurkin A.V.!

Chemistry Department, Lomonosov Moscow State University
119991 Moscow, Russia, Leninskie gory, 1/3

One of the urgent tasks of modern medical chemistry is the search and creation of
new effective drugs. This is directly related to the synthesis of new analogues of the drug
Mavoglurant, for which anti-prion activity has recently been discovered [1].

Earlier in our group an approach to the synthesis of bicyclic ketones, analogues of
octahydroindole, was proposed via aza-Coupe-Mannich rearrangement [2]. This approach
was used to synthesize Mavoglurant analogues with cis- and trans-fused cycloheptane and
pyrollidine rings.. For the synthesis of the trans-fused analogue a six-step transformation
was used, as a result of which we were able to obtain the target compound trans-A in 25%

overall yield.

o
ol CSA, CH,0 H  10% PdiC, H, (60 atm)
// BnNH, LiCIO, Lindlar catalyst, " Na,SO, CH,Cl, ; HCI 12M, MeOH,
CH.CN H2(1 atm), MeOH
- . NH N 95%

o
80% 950/ 90% H

trans-4

3

0 o
H trans
= Methyl chloroformate, 1-ethynyl-3- methylbenzene
I Et;N, CH,Cl, 85%; BuLi, THF, -78 0
N.HCI N %
i B 59%
7 o
trans-5 - o)\o fansi

For the synthesis of the cis-articulated analogue, a six-step conversion from commercially
available epoxide 7 is used, which makes it possible to obtain cis-A with a total yield of 31%.

(COCl), DMSO AMgBr Hq LiAIH,

Et, N CH,CI, chromatographic ¥
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N3 93% N3 N, N, 97%
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(a) CSA, CH,0, Na,SO, CH,Cly; g 3 3 HO,
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Nl 48% overall; N N
H 3o 9% Hy s
Q
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This work was supported by RFBR (18-33-20215).
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Synthesis and tuberculostatic activity of podands with a
dihydropyrimidine fragment

Titova Yu.'? Filatova E.%, Fedorova 0.%, Rusinov G.*? and Charushin V.*?

1], Ya. Postovsky Institute of Organic Synthesis, UB RAS,
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Among numerous dihydropyrimidine derivatives, hetero cycles comprising a transport
polyether spacer are of special interest. We have demonstrated that joining a polyether
(podand) and dihydropyrimidine moieties in a molecule results in an increase of activity and
specifi city against Mycobacterium tuberculosis?.

Podands 1a-c and 2a-c were synthesized via the polyphosphoric acid (PPA)-catalyzed
three-component Biginelli condensation using polyethers containing 3-oxobutanoyl
moieties as CH-active components.

1ok f
ko

PPA, THF 1a-c, X=0
0~ "Me Me = e 2a-c, X=8
NH, Ph A, 20-22h

o
Ph O O Ph
HN/TgO o//l\/lﬁr\m
X)\N Me Me N/&x
H H

Tuberculostatic activity of podands 1a-c and 2a-c in vitro has been studied towards the
typical laboratory strain of M. tuberculosis H,,Rv.

Ph O Ph O
HN oet| 1a 1b 1c | HN OEt| 2a 2b 2c
2\ ‘ n=0 | n=1|n=2 2\ ‘ n=0|n=1| n=2
O N Me S N Me
H H
MIC, ug ml* >100 12 12 3.1 50 1.5 3.1 6.2

It was shown that among dihydropyrimidinethione podands 1a-c tuberculostatic
activity against H_Rv strain increases with elongation of the polyether unit, whereas for
dihydropyrimidinethione podands 2a-c an inverse dependence was observed.
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4-ALKYL-AZOLO[5,1-C] [1,2,4] TRIAZINES AS ANALOGS OF TRIAZAVIRIN
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In current work were synthesized a series of 6-nitroazolo [5,1-c] [1,2,4] triazines, not

previously mentioned in the literature.
By analogy with the previously described experiments, ternary condensation of

2-morpholine-1-nitroalkenes [2] (2) was obtained.
OFEt

R4
R1+OE1 \'/\ NO,
N

OEt

H —NO, N
[ j = [ j R,=H, Me, Et
- TsOH .
1 2

Then was developed a method for producing 6-nitroazolo [5,1-c] [1,2,4] triazines (5a-50)
by azo coupling with obtained compounds (2).

Rl
(\N)§\ R, OH
N—NH L) o N\N><’/N02
4 . . > < L |
R X/ o H*, H,0 .
Sa-o !

4a-o

a-1:R=H,Me,SMe,CF;, R;=H, Me, Et, X=N;
m-o: R=H, X=CCOOEt, R,=H, Me, Et.

As a result, a series of promising 4-alkyl — 3-nitro-1,4-dihydro- [1,2,4] triazolo [5,1-c]
[1,2,4] triazin-4-ols and two new nitroenamines, not previously mentioned in literature.

A close analogue (DT-152) of the known drug triazavirin confirmed antiviral activity.
The work was supported by Russian Science Foundation grants Ne 17-13-01096.
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Synthesis and in silico identification of candidate drugs
for Neisseria gonorrhoeae among heteroaryl-substituted indole
and pyrrole derivatives

Trestsova M.}, Sarapultsev A.!, Utepova ., Vassiliev P.3,
lanalieva L.3, Appazova D.3, Chupakhin 0.12
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Neisseria gonorrhoeae (GC) is a Gram-negative bacterium and a human-specific
pathogen that causes gonorrhea. Pharmaceutical interventions against GC infections are
limited to the common antibiotic regimens, but no specific drug is available. Thus, the aim of
the study was the identification of indolyl- and pyrrolyl-substituted heteroaryl derivatives
with the pronounced activity against GS with the additional activity against Gram-positive
bacteria (S. aureus).

Synthesis of indolyl- and pyrrolyl-substituted heteroaryls was performed by the direct
C-H functionalization of heteroarenes (S " reaction) using a heterophase oxidative system
air 0, / TiO, photocatalyst / light irradiation.

e air 0,/ TiO, / hv ‘ L
i N AcOH, 5h 2
‘ + R - ACEEL I .. TN N\
ENlH “‘v"L/NB_ ! NH
H R
NH HN
Ph._N_N ; Q Ph._N__N
H I’ o N N5 H I’ o
ph N NN No SN
W N0 N"~0 N
H H
KD34 TM181 TM241 TM308

In silico prediction of the compounds with high antibacterial (anti-GS) activity was made
using IT Microcosm. According to the results of the in silico prediction, three molecular
targets for GC were set as perspective: GTP-binding protein Rheb (1), UDP-N-acetylmuramoyl-
tripeptide-D-alanyl-D-alanine ligase (Il) and Anthranilate phosphoribosyltransferase (lll).
Five molecular targets for S.aureus were set as perspective. Among 60 compounds studied,
one compound was estimated to be highly active against I, four compounds - against Il
and 26 compounds - against Ill. The possible action on two molecular targets (Il and IIl)
was predicted for four compounds (KD34 (5-phenyl-6-(5-phenyl-1H-pyrrol-2-yl)-[1,2,5]
oxadiazolo[3,4-b]pyrazine), TM181 (3-(1H-indol-3-yl)quinoxalin-2(1H)-one), TM241
(3-(1H-pyrrol-2-yl)quinoxalin-2(1H)-one) and TM308 (5-phenyl-6-(1H-pyrrol-2-yl)-[1,2,5]
oxadiazolo[3,4-b]pyrazine)). Of these four compounds, three were identified as potentially
active against S. aureus - due to exposure to DNA ligase (KD 34, TM308) and methionyl-tRNA
synthetase (TM241), which has determined their choice for future in vitro testing.
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Synthesis of biologically active hetarylindole derivatives
by the direct C-H functionalization of heteroarenes using a heterophase
oxidative system air O, / TiO, photocatalyst / light irradiation
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Interest in the indole derivatives study is related due to exhibit their high biological
activity. Among them are known compounds with anti-cancer, anti-inflammatory and
antibacterial activity.

We have developed a simple method for the synthesis of heteroaryl substituted
indole derivatives. The compounds 3 were obtained by the direct C-H functionalization of
heteroarenes 1 by indole derivatives 2 (S " reaction) using a heterophase oxidative system
air 0, / TiO, photocatalyst / light irradiation [1],[2].
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The results of the initial biological tests show that the compounds 3a-d have antibacterial
activity.
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Synthesis of new inhibitors of excitatory amino acid carriers (EAATSs)

Trubnikov A.V.}, Novoselow A.M.?}, Kurkin A.V.!
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119991, Russia, Moscow, Leninskyie Gory, 1/3

Dysfunction of excitatory amino acid transporters (EAATs) has been implicated in the
pathogenesis of various neurological disorders, such as stroke, brain trauma, epilepsy, and
neurodegenerative diseases, among others. EAAT2 is the main subtype responsible for
glutamate clearance in the brain, having a key role in regulating transmission and preventing
excitotoxicity. Therefore, compounds that increase the expression or activity of EAAT2 have
therapeutic potential for neuroprotection. Previous studies identified that derivatives of
3-(aminomethyl)quinoline-2(1H)-one increase the speed of glutamate translocation, without
affecting the substrate interaction, suggesting an allosteric mechanism. Identification
of these new positive allosteric modulators EAAT2 offers an innovative approach to the
development of treatment methods based on enhancing glutamate transport.

Recently, research was conducted in our laboratory to obtain and study the biological
properties of 3-(aminomethyl)quinoline-2(1H)-one derivatives. A focused library of 3-
(aminomethyl)quinoline-2(1H)-one derivatives was synthesized to search for the leader
compounds among the synthesized compounds.
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Analytical Provision of Boron Neutron Capture Therapy of Cancer
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Boron Neutron Capture Therapy (BNCT) is a noninvasive therapeutic modality for treat-
ing locally invasive malignant tumors such as primary brain tumors and recurrent head
and neck cancer, for example, anaplastic astrocytoma or glioblastoma. The development
of BNCT requires an integrated approach with the participation of specialists from various
fields, including physicists, biologists, chemists and doctors. At the BINP SB RAS, a source
of accelerator-type epithermal neutrons was proposed and constructed. We carried out a
series of preclinical experiments on BNCT on cell cultures and laboratory animals. We used
immunodeficient 8-10 week old male SCID mice of the SPF status. 18-21 days before the
start of the experiment, U87 human glioblastoma cells were prepared, brought to concen-
tration of 100 thousand cells in 1 ul and injected intracranially to obtain intracerebral mass
formation. BPA L-p-borfenylalanine and BSH borkaptat were used as a drug for targeted
delivery of boron B'® monoisotope.

To assess the effectiveness of the accumulation of BPA and BSH in the tumor and con-
structing the kinetic curves of excretion of drugs, we investigated the tissues of the organs
of laboratory animals (blood, kidneys, liver, brain and tumor). The boron content was de-
termined by the ICP OES method on an iCAP-6500 spectrometer (Thermo) after acid diges-
tion in a MARS-5 microwave system (we used HNO,, H,O,, HCIO, and their mixtures). We
checked the accuracy and specificity by analyzing the reference material and using spike
method. The calibration function was built using a single-element solution of boron ions
«I'CO 7345-96». The registration of emission spectra was performed under the conditions
recommended by the manufacturer. We used the method of sequential dilutions.

We identified organs and tissues in which the accumulation of B10 is maximal. We
find out the ratio of accumulated B in the tumor and brain tissue. The optimal times of
exposure were chosen when the ratio of accumulated B® in the tumor and brain is maximal.

The study was carried out on the basis of the Center for Genetic Resources of Laboratory
Animals, SPF Animal Farm, FRC IC&G SB RAS. Financial support of the Russian Foundation for
Basic Research in the framework of the research project No. 18-29-01007.
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Synthesis of novel ligands for quinone reductase 2 (MT3/QR2) through
specific cyanation and selective reduction of 2-oxindole derivatives

Tsymlyakov M.}, Volkova M., Salykina M., Sosonyuk S.?,
Proskurnina M.?, Lozinskaya N.'?

IDepartment of Chemistry, Lomonosov Moscow State University,
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MT3/QR2 is a low-affinity melatonin receptor, which functions include neuroprotective
and antioxidant activity, as well as decreasing of the intraocular pressure (IOP). A new
method of obtaining MT3/QR2 (and MT1, MT2 in case of 2,3-dihydroindoles) affinic ligands
based on 2-oxindole scaffold is proposed. It was previously shown, that amido-group in
5-position of the indole scaffold is a pharmacophore one and is necessarily present in many
MT3-active compounds[1].

According to molecular docking and X-ray crystal diffraction analysis, the substituent in
5-position must be modified by adding a -CH_- spacer before the amido-group. Supposedly,
when the amido-group is situated one carbon atom further from the indole core, less
water can be confined in the binding site of QR2 (less free space), making the binding more
efficient.

Cyano-derivatives were chosen as precursors, as they can be reducted to amines and
then acylized together with the other cyano-group in 3-position, which leads to minimization
of reaction stages. Pd-catalyzed cross-coupling and Rosenmund-von Braun reactions were
used in the cyanation of oxindoles for the first time. A new method of selective reduction
of cyano-groups and the amido-group in 2-position of the indole scaffold is proposed. The
conditions were optimized to obtain indole- or 2,3-dihydroindole derivatives with good
yields.
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Urocanic acid derivatives as novel cytotoxic agents
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Cancer is the second major cause of death in highly industrialized countries. Chemothe-
rapy of cancer usually involves the use of cytotoxic agents (such as taxol and eleutherobin
(1.

During molecular modeling we formulated the main principles of design of simplified
eleutherobin analogues. We assumed that some polycyclic structures (e.g. adamantane,
oxabicyclooctane, bicyclononane) could play the role of the central block. They should
contain at least two hydroxyl groups, one of them esterified with N-methylurocanic acid
(as in eleutherobin, Block N22) and the other one with benzoic acid (as in taxol, Block Ne3).
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We synthesised a series of individual novelanalogs of eleutherobin which are toxic
against three human tumor cell lines (breast MCF7, ovarian SKOV and colon HCT116) in
the micromolar range of concentrations. These compounds caused cell rounding and death
which could be an evidence of taxol-like effect on tubulin polymerization.
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Synthesis of Fluorescent Derivative of RGD Peptide
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Postovsky Institute of Organic Synthesis of Russian Academy of Sciences (Ural Branch),
620990, Russia, Ekaterinburg, 22 S. Kovalevskoy St.

It is known that RGD peptides containing the amino acid sequence S-Arg-Gly-S-Asp
are capable of specific binding to integrins, for example, o, B,, distributed on the surface
of tumor cells. It is makes it possible to use peptides of this family as molecular vectors.
The purpose of this work is to obtain the RGD peptide derivative containing a polyethylene
glycol (PEG) molecule as a linker and a fluorescent label (cyanine dye Cy5.5).

(“y’i 5-NHS HO N
HOHO/\]'NHZ \N/‘f /\]v W\/
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PEG
M=2000 Da

TBTU, DIPEA,
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The introduction of bifunctional PEG into the molecule increases the hydrophilicity of
the conjugate molecule and spatially removes the fluorescent label from binding site to
integrin. The peptide was synthesized starting from the corresponding protected S-amino
acids by the methods of classical solution peptide chemistry according to the Fmoc-strategy.
The structure and purity of the target product was confirmed by physical and chemical
methods (*H NMR and UV spectroscopy, HPLC, MS, and fluorimetry). The data obtained can
be further used for designing the agents for specific staining tumor cells and tissues.

The study was carried out in the framework of the State Assignment of Russia (project no.
AAAA-A19-119011790130-3).
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2-Aryloxycarboxylic acids are precursors and structural fragments of physiologically
active compounds and agrochemical agents. The purpose of the work was to develop
chromatographic conditions for the determination of enantiomeric composition of 2-aryloxy
propionic acids 1-4 being of practical interest (Fig. 1).

Me 1:R=Ph
HOOC/L"OR 2: R = 2,6-Cl,-CgH5 (precursor of Lofexidine, an ay-adrenoreceptor agonist)
3: R = 2-Me-4-CI-CgHj; (pesticide Mecoprop)
1-4 4: R = 4-1-Cg4H,4 (precursor of hypervalent iodine-based chiral catalysts)

Figure 1. The objects of study — racemic acids 1-4
Determination of the enantiomeric composition of compounds 1-4 was carried out
in normal-phase (NP) and reversed-phase (RP) modes on chiral columns. The optimal
conditions for HPLC analysis (chromatographic columns, mobile phase, and elution rate)
were found, which made it possible to achieve successful separation of the enantiomers of
2-aryloxy propionic acids. Spectrophotometric and polarimetric (Chiralyser-MP) detectors

were used to identify the enantiomers of acids 1-4 (Fig. 2).
Q
151 5

Chiralpak AD
hexane—iPrOH-TFA 40:1:0.02
Detector: A — UV, 220 nm,

B — polarimetric, 430 nm.

Time

Figure 2. HPLC chromatogram of racemic 2-phenoxy propionic acid (1)

The best separation (separation factor a= 1.93) of the optical isomers was achieved
for acid 2 on a (S5,5) Whelk-O1 column in the NP analysis mode using a hexane—iPrOH—TFA
50:1:0.02 mixture as an eluent (flow rate 1 ml/min).

The work was financially supported by the Russian Foundation for Basic Research (project
18-33-00027 mol_a).
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Cationic surfactants have a number of practically important functional properties, for
example, antimicrobial activity, the ability to solubilize water-insoluble substances and
medicines. The aggregation behavior of surfactants in solution depends on the nature of the
head group and the length of the alkyl tail. Among the cationic surfactants, amphiphiles with
a sulfur atom in the head group are the least studied. There are only a few works devoted
to the study of the surface-active properties of isothiouronium amphiphiles [1,2]. In the
present work, a homologous series of isothiouronium surfactants was synthesized (Fig. 1,
wheren=9, 11, 13, 15, 17), and their aggregation and solubilization activity was investigated
by the methods of tensiometry, conductometry, fluorimetry, spectrophotometry, dynamic
and electrophoretic light scattering.

The values of the critical micelle concentration and the hydrodynamic diameter of the
aggregates were determined, as well as the solubilization capacity towards the hydrophobic
dye Orange OT was calculated.

H,

N
By \/}:—s—fCHZhCHg,

H,N*

Figure 1. The chemical structure of isothiouronium surfactants
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Neutral Glycoglycerolipids Are the Novel Class of Antitumor Agents
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Cationic alkyl glycerolipids have been investigated as antitumor compounds [1]. Hemo-
lysis, a side effect of these compounds, limits their practical use. Therefore, search for other
classes of glycerolipids, particularly the neutral ones, in which cytotoxicity is preserved but
the hemolytic activity is minimal, is worthy.
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New glycoglycerolipids of mixed structure (1a-c) cause virtually no death of tumor cells
(IC,,> 50 uM). The analog 2 containing alkyl and acyl substituents in the glycerol backbone
showed a weak activity in all cell lines except the colon carcinoma HCT116 (IC, = 23.6 + 1.2
UM). Glycoglycerolipids with substituents at C2 and C3 positions of glycerol (3a-b) were
most active for the K562 line (leukemia) (3a, IC_ = 6.72 + 0.71 pM) and SCOV-3 (ovarian can-
cer) (3b, IC, = 3.4120.15 uM), significantly exceeding the respective values of 1a-c. Among
the alkyl glycoglycerolipids, the aminoglycerolipids 4c-f showed the best results on the K562
cell line (IC,;<8+0.2 uM). Lead compounds did not cause hemolysis at concentrations that
induced tumor cell death. Thus, charge neutralization led to a reduced hemolytic activity of
glycoglycerolipids whereas the cytotoxic properties of compounds were preserved.
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Preparation of copper complexes based on
o,w-bis-(2-trifluoroacetoacetylphenoxy)alkanes
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Complexes with organic ligands play an essential role in biochemical processes. Thus,
metalloenzymes are important catalysts for a wide range of chemical reactions occurring
in a living cell. Exogenous transition metal complexes possess a wide spectrum of biological
activity. Previously, bacteriostatic and fungistatic activities of the Cu(ll) complexes with
organic ligand based on 1,1,1-trifluoro-4-(2-methoxyphenyl)butane-2,4-dione were
described [1].

In the present work, we consider an attempt of synthesis of Cu(ll) complexes based
on a,w-bis(2-trifluoroacetoacetylphenoxy)alkanes, chelating triketone-like ligands. The
synthesized chelating ligands were characterized by elemental analysis, FT-IR spectroscopy,
and *H NMR spectroscopy.

oo ACFs S NG
o I CuX, I &
(("Hz)n MeOH (CHy), (.‘u<
Shg by
“~cn o ; CscaCr
n=2-6 X: CL, NO, AcO

The preparation of the complexes was carried out by the exchange reaction of the
corresponding salt in methanol in the presence of a base. The composition and the
estimated structure of the complexes were characterized by elemental analysis and FT-IR
spectroscopy.
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Synthesis of Purine Conjugates with N,S-Heterocycles

as Potential Antiviral Agents
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The development of synthetic approaches to new biologically active
compounds is the important task of medicinal chemistry. Previously
we synthesized the purine conjugate with (RS)-7,8-difluoro-3,4-
dihydro-3-methyl-2H-[1,4]benzoxazine attached by a 6-aminohexanoyl
fragment (compound 1). It has been shown that compound 1 exhibits
high antiviral activity against herpes simplex virus type 1 [1]. In the
present work we obtained new purine conjugates containing fragments
of N,S-heterocycles such as 3,4-dihydro-2H-[1,4]benzothiazine (2a)
and 2,3,4,5-tetrahydro-1,5-benzothiazepine (2b), structural analogues

of lead-compound 1. Acylation of amines 2a,b with 6-phthalimidohexanoy! chloride in
dichloromethane in the presence of N,N-diethylaniline afforded amides 3a,b in good yields;
subsequent removal of the phthaloyl protection by hydrazinolysis in refluxing ethanol led to
corresponding amines that were used (without purification) as nucleophiles in the
nucleophilic substitution of chlorine atom in 6-chloropurine (n-BuOH, TEA, 90 ° C). The
target purine conjugates 4a,b with N,S-heterocycles are of interest as potential antiviral

agents.
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Induction of apopotosis of melanoma B16 cells under the action of
preparation, containing TNF-a and ds-RNA, in vitro.

Vyazovaya E.A., Lebedev L.R., and Danilenko E.D.
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Attempts to use cytokines in cancer therapy do not yet give stable positive results, so the
development of an acceptable strategy for the treatment of cancer using different models
continues. The preparation of recombinant human TNF-alpha in nanoparticles, containing
high-polymer purified double-spiral RNA from Saccharomyces cerevisiae, so called virus-like
particles, VLP [1], developed in IMBT, showed increased antitumor activity in vivo on tumor-
bearing mice, as well as tropicity to tumor tissue and skin [2,3].

The aim of this study was to assess the direct toxic effect of the drug form VLP-TNF-alpha
and its individual components on melanoma cells B16-F10. Analysis of cytotoxic action of
TNF-alpha, ds RNA and complex preparation VLP - TNF-alpha was performed by MTT test,
apoptosis of melanoma cells was evaluated by flow cytometry with FITZ-annexin V. It was
shown that the cytotoxic effect of VLP - TNF-alpha significantly exceeds the total cytotoxic
effect of TNF-alpha and ds RNA separately (LD50 is respectively for VLP-TNF-alpha -0.05 ug/
ml, TNF-alpha - 9.5 pg/ml, ds RNA > 20 ug/ml). Complex preparation had more pronounced
apoptogenic effect. Preparation VLP-TNF-alpha can be a promising drug for the treatment
of malignant tumors, including melanoma.
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Selective effect of 1,2,3-triazolo [5,1-b] 1,3,4-thiadiazines on the
proliferation of cultured normal and tumor cells
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s-Triazolo[3,4-b]1,3,4-thiadiazines show in vitro cytotoxic activity against various tumor
cell lines [1-3]. Previously, we developed a method for the synthesis of a-triazolo[5,1-b]1,3,4-
thiadiazines 1 [2]. The influence of compounds 1 on seed germination and development of
seedlings of Pinus sylvestris L. and Solanum lycopersicum L. has been determined [3,4].
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In this current study have been shown that 1,2,3-triazolo[5,1-b]1,3,4-thiadiazines have
selective biological activity against animal cells. It has been determined that Hela tumor
cell culture is hypersensitive to the cytotoxic effect of the substances. At the same time,
rhabdomyosarcoma cells, especially the normal cell lines, are more resistant to the damaging
effects of these substances. Interestingly, stimulation of the proliferative and functional
activity of dermal fibroblasts with simultaneous suppressive action on tumor cells under
the influence of low concentrations of substances was observed.

This research was supported by the Russian Foundation for Basic Research
(grant Ne 18-316-20018).
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Preparation and properties of porous cellulose phosphate matrices
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Ultrathin fibrillar structures in the form of porous matrices are of interest as modern
functional materials with specific properties due to the high ratio of surface to volume of an
individual fiber, and can be used in biomedicine and cell engineering.

In this work, the esterification reaction of cotton cellulose in the system orthophosphoric
acid — tributyl phosphate — phosphorus (V) oxide was studied. The physicochemical
characteristics of gel-forming cellulose phosphates obtained under different synthesis
conditions are compared. The influence of the composition of the esterifying mixture, the
length of the hydrocarbon radical in the diluent (trialkyl phosphate), the temperature and
reaction time on the composition of the phosphorylation reaction products, the yield of the
gel fraction and the degree of swelling of hydrogels are analyzed. A quantitative assessment
of the kinetic process of polysaccharide phosphorylation was performed using the equation
of polychronic kinetics. Based on the kinetic parameters of the equation and the values of
the activation energy, it was concluded that diffusion is the limiting stage of the process of
polysaccharide phosphorylation.

The composition and properties of phosphorylated cellulose were determined
using IR spectroscopy, potentiometric titration, elemental analysis, X-ray diffraction,
electron microscopy. It was established that cellulose phosphate is a sponge constructed
from individual microfibers with a thickness in the range of 1 — 5 microns and having
interpenetrating through pores with sizes ranging from 10 to 150 microns. The cellulose
phosphates obtained in this work are dibasic cation exchangers with a full exchange capacity
in the range of 1.8 — 9.8 mg-eq/g.

On the basis of the studied physicochemical properties of cellulose phosphate hydrogels,
it was concluded that they can be used as wound dressings, ensuring the creation of an
optimal moist environment on the wound, absorption of exudate, and targeted delivery of
active substances.
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Investigation of the structure of the reaction products
of cisplatin with oxidized bacterial cellulose
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Oxidized bacterial cellulose (OBC) has a high water retention capacity, biocompatibility,
ability to control biodegradation, elasticity, atraumatic removal from wounds and can be
used as wound coverings, temporary skin substitute in the treatment of wounds and burns,
as well as matrices for prolonged and targeted delivery medicinal substances. The purpose
was to study the nature of the interaction of cisplatin with the OBC, clarifying the structure
and properties of the resulting reaction products.

The sorption properties of OBC with different contents of carboxyl groups were studied
depending on the cisplatin concentration in the external solution and the time of the
sorption process. The sorption capacity of the cation exchanger with respect to cisplatin, the
degree of extraction of cytostatic agents from the external solution, the degree of swelling
of composites of the OBC-cisplatin were determined, and the distribution coefficients were
calculated. It has been shown that the degree of cisplatin recovery by OBC from solutions
increases as the content of carboxyl groups in its composition increases. It has been
established that the cation exchanger with the highest content of carboxyl groups exhibits
the highest selectivity for cisplatin: the distribution coefficient for OBC is 3.7, while for
bacterial cellulose it is 0.04. It was established that the introduction of cisplatin molecules
into the composition of cation-exchange polysaccharides leads to a decrease in their degree
of swelling and degree of water absorption. It is shown that the sorption of cisplatin on the
OBC has a presumably ion-coordination character.

On the basis of the established regularities, the possibility of obtaining a porous wipe
based on an OBC with cisplatin included in a therapeutic dose is shown.
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TDP 1 Inhibitors as Potential Antitumor Drugs
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DNA repair mechanisms and their regulation are closely related to the diagnosis and
search for treatment of various diseases, including cancer. Traditional cancer therapy is
aimed at damaging the DNA of malignant cells, and treatment outcome depends on the
effectiveness of their DNA repair systems. Currently, the use of DNA repair inhibitors is
considered as perspective adjuvant cancer therapy.

One of the promising target enzymes for the treatment of oncological diseases is tyrosyl-
DNA-phosphodiesterase 1 (Tdpl). This enzyme plays an important role in the removal
of DNA damage caused by anti-cancer drugs such as topotecan, irinotecan, etoposide,
temozolomide and others [1]. It is suggested that Tdp1 contributes to the drug resistance
of some cancers, and combination of antitumor drugs and Tdp1 inhibitors can significantly
increase the effectiveness of chemotherapy [2].

We discovered a wide range of inhibitors of Tdpl - derivatives of natural biologically
active substances. Many of these compounds did not show toxicity against cell lines, which
is an important for creating a safe adjuvant therapy. We found that some of these Tdp1l
inhibitors could enhance the cytotoxic effect of Topl poison topotecan on different types
of cell lines and in murine tumor models of lung Lewis carcinoma and ascites carcinoma
Krebs-2 mice [3,4].

This work was supported by Russian Foundation for Basic Research (grant 18-29-09037) and
Russian Science Foundation (grant 19-13-00040)
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Phaeosphaeride A (PPA), isolated from the solid culture of the fungus Phoma sp. N 19
in 2011 at the All-Russian Institute of Plant Protection, found a high antitumor activity in
the absence of toxicity in relation to healthy cells. In this connection, the introduction of
pharmacophore groups into the PPA molecule seems to be an important direction in the
search for new drug substances for the treatment of cancer.

Earlier [1], we obtained a series of PPA derivatives, among which C (6)
-mercaptobenzothiazole showed the greatest cytotoxic effect. Based on the fact
that azaheterocyclic mercaptans possess biological activity [2], a number of C (6)
acyloxymercaptoazaheterocyclic derivatives of PPA 1-4 were synthesized in this work. In
addition, PPA derivatives have been obtained in which hydroxyl at the C (6) atom is replaced
by secondary amines 5-7 through the corresponding mesylate.
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Synthesized substances will be tested for biological activity.
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Today one of the most important problems of organic chemistry is synthesis of useful
compounds. One of the uses is searching and synthesis of the biologically active molecules
used as a base for creation of new modern drugs.

A relatively new class of compounds with a wide range of useful biological activity are
azoloazines. It was previously shown that compounds of this range can exhibit antiviral,
antidiabetic activity, and also act as antagonists of the azine A, receptor [1]. In addition,
being similar in structure to natural nucleosides, these compounds are inhibitors of purine
receptors.

In this work, a new approach was proposed for the preparation of 6-nitro-4,7-
dihydropyrazolo [1,5-a]pyrimidines. An element of the novelty of the developed approach
is the use of morpholinonitroethylenes as a stable form of nitroacetaldehyde.

R
n-BuOH Ar
Nenm (\N)\/Noz BF;EL,0 N NO, Ar Ph, 4-MeOCgH,,
N
Z A + ArCHO + \) _ | 4-NO,CgHy4
% SN o \ =l X: N, C-COOEt
2 12070 = N""R  zCH csMe
1 2 5 4 R: H, Me, Et

As a result of multicomponent condensation 6-nitro-4,7-dihydropyrazolo[1,5-a] pyrim-
idine 4 is formed. The structure of products 4 was found via H, *C NMR spectroscopy,
IR spectroscopy, chromatography-mass spectrometry and elemental analysis. The use of a
nitro group as a substituent in morpholinoethylenes is due to the possibility of its further
recovery to create a purine cycle [2].

Thus, a new method was developed for the synthesis of previously unknown 6-ni-
tro-5-phenyl-4,7-dihydropyrazolo[1,5-a]pyrimidines. The resulting compounds 4 have the
potential for further functionalization in order to obtain aromatic analogues, azolopurines
or other azaheterocycles.
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EXPERIENCE OF APPLICATION OF “CISPLACEL”
MEDICINE IN ONCOLOGICAL SURGERY OF THE SPINE

Zaretsky S.V., Bychkovsky P.M., Yurkshtovich T.L., lvanov V.A., Kasyuk A.A.,
Dudich V.I., Kravets O.A., Gontsov A.l.

N.N. Alexandrov National Cancer Center of Belarus, Minsk, Republic of Belarus
UNITECHPROM BSU, Minsk, Republic of Belarus

Relevance. According to several authors, the progression of the tumor process in the
spine and paravertebral tissues in the surgical area is observed in 69% of patients within 1
year after the intervention and in 96% of patients within 4 years after the intervention[1].
A promising method of reducing the incidence of local recurrences of the tumor process
in the spine and paravertebral tissues after performing a surgical procedure may be local
intraoperative chemotherapy. Currently in the Republic of Belarus 2 drugs are developed,
tested and successfully used for local chemotherapy operations: “Cisplacel” (it is cisplatin
immobilized on oxidized cellulose wipes (1.0 +/- 0.15 mg cisplatin per 1 cm2) and “Temodex”
(represents temozolomide immobilized on a polymeric carrier - dextran phosphate).

Purpose. To analyze the experience of using “Cisplacel” in the treatment of patients with
spinal tumors in the N.N. Alexandrov National Cancer Center of Belarus.

Materials and research methods. The material was data on 109 patients with tumors of
the spine. To them in the N.N. Alexandrov National Cancer Center of Belarus in the period
2014-2018 the drug “Cisplacel” was used to perform local intraoperative chemotherapy.

In the analyzed group there were 42 women (mean age 56.8 years) and 67 men (mean
age 56.4 years). The distribution of patients depending on the diagnosis: sarcoma - 17, lung
cancer - 11, prostate cancer - 10, breast cancer - 9, cancer from unspecified source - 8,
colorectal cancer - 8, myeloma - 7, kidney cancer - 4, chordoma - 4, cancer of the salivary
gland - 3, melanoma - 3, liver cancer - 3, cancer of the tongue - 2, cancer of the esophagus
-2, germ cell tumor - 2, and another - 16 patients.

Results. In the postoperative period, the majority of patients showed satisfactory
tolerability of local intraoperative chemotherapy. In 10% of patients, a systemic reaction
was observed in the form of chills, general weakness, dizziness. This effect completely
disappeared within 3 days. Two patients in the postoperative period developed
complications that could be associated with the use of “Cisplacel” and required repeated
surgical intervention. There were no fatal outcomes during hospitalizations. Evaluation of
long-term treatment outcomes is for further study.

Findings. 1. Local chemotherapy in oncological surgery of the spine is a relevant and
safe treatment method. 2. The use of “ Cisplacel” in oncological surgery of the spine is for
further study.

References
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Neurosurg Spine 13:109-115, 2010.
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Preparation of poly(trimethylene carbonate) based hydrogel materials for
regenerative medicine products

Zemlyakova E.%, Pestov A.!, Samokhin A.% Korel A.%, Tkachenko V.3, Kuznetsov V.t,
Nesterov D.}, and Larionov P.*

1 Postovsky Institute of Organic Synthesis, Ural Branch of the Russian Academy of Sciences,
620990, Russia, Ekaterinburg, S. Kovalevskoy St.,22
2 Novosibirsk research institute of traumatology and orthopaedics n.a. Ya.L. Tsivyan,
630091, Russia, Novosibirsk, Frunze st., 17
3 Institute of Nuclear Physics, Siberian Branch of the Russian Academy of Sciences,
630090 Russian , Novosibirsk, Acad. Lavrentieva Pr., 11
4 Novosibirsk State University, 630090, Russia, Novosibirsk, Pirogova str., 1

The contemporary breakthrough in the development of materials for regenerative
medicine is primarily due to the raw and synthetic availability of biodegradable artificial
[1] polymers. Indeed, the bio-friendly nature of natural polysaccharides and the ability to
create the final material in accordance with the tasks of regenerative medicine make these
polymers unique for the development of medicine. Recent studies show that the hydrogel
fiber materials can be successfully used to restore nervous tissue after a stroke [2].

In the present research we propose the use of poly(trimethylene carbonate) solutions
for new bioabsorbable surgical and regenerative medicine materials creation, such as
hydrogels with deposited therapeutic agents and controlled degradation time, hydrogels
containing biological agents, hydrogels for the purposes of bone tissue regeneration and
rehabilitation of the surgical area, bio-safe non-silicone hydrogels with adjustable swelling
degree for the purposes of soft tissue defects treatment. The listed materials as aliphatic
polycarbonates derivatives are bio safe, do not cause toxic effects, tissue irritation, are able
to resorb in human body without pH change in the surrounding tissue and allow controlling
their swelling degree and mechanical strength depending on the method of obtaining.
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Synthesis of hetaryl containing ferrocifen as a potential antitumor drugs

Zyryanova E., Musikhina A.*?, Chupakhin 0.12, Utepova 1.2, Charushin V.12

1Ural Federal University, 620002, Russia, Ekaterinburg, 28 Mira str.
2Institute of Organic Synthesis, Ural Branch of the Russian Academy of Sciences,
620990, Russia, Ekaterinburg, 22 S. Kovalevskaya str.

Chemical stability, lipophilicity, high permeability through membranes, low toxicity,
well defined and reversible redox behavior are the factors allowing to use of the ferrocene
in the development of the new generation of anticancer agents. It has been known, that
ferrocifens as tamoxifen analogues have high antitumor activity.

So azinylferrocenes 1la-e obtained earlier have been entered into the reaction of
regioselective acylation followed by coupling of heteroannular disubstituted acetylferrocenes
2 and benzophenone 3 by the McMurry reaction to analogues of the antitumor drug
Tamoxifen (4a-e) (Scheme 1).

@@ o oD o O Som Ay
@( ©\§ﬂ m N

o]
Ne:
dae | e

1a-e
2a-e (62-75%)

Scheme 1
It has been found the products 4 had been formed as a mixture of cis- and trans-isomers
ina 1to 2 ratio.

This work was supported by the Ministry of Education and Science of the Russian Federation
(Project Ne 4.6351.2017/8.9) and Foundation Act 211 Government of the Russian Federation,
contract Ne 02.A03.21.0006.
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OpenHTS — OTKpbITaA Nporpamma NOMUCKa HOBbIX XeMOTUNOB
NPOTUBOONYXONEBbIX COEAUHEHUN

BbyHes A.C. !, BapakuHa E.B.!, XoueHkos [].A.?, XoueHkoBa H0.A.?

leHmp meduyuHckoll xumuu, TonbammuHckuli 2ocydapcmeseHHelli yHusepcumem, 445020,
Poccutlickas ®edepayus, Tonesmmu, benopycckas, 14

2 Jlabopamopus 6UOMAPKepos U MeXaHU3MO8 0Nyx01e8020 aHauo2uHe3d, HauuoHanbHbIl

MeOdUUUHCKUU uccnedosamernsckuli ueHmp oHkonoauu um. H.H. baoxuHa, 115478, Poccul-
ckas ®edepauyus, Toneammu, Kawupckoe wocce, 23

B poknage 6WJ,YT ocBeulweHbl OCHOBHbIE 3Tanbl peannsaunn nporpammbl NOUCKaA HOBbIX

XemMmoTnnoB NPOTUBOONYXONeEBbIX COQ,CI,VIHGHMVI cpean HU3KOMONTEKYIAPHbIX OpraHN4YeCknx
COQ,D,VIHEHMVI, NONy4YeHHbIX B aKageMNU4eCknx n 06paaoBaTeanb|x yypexaeHunax Poccum.

OpenHTS

Lipinsk'is rule of five

[ New synthesized compounds

Purity (HPLC) 95+% —
Characterized by NMR
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of the program participant

Collaborator
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Paboma eeinonHeHa npu nodoepicke lMpoepammesl pazeumus TonbasMMUHCKo20 2ocydap-
cmeeHH020 yHUsepcumema, npoekm 2.1.
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onbIT NEMEHUA MEZTAHOMbI C UCMNOJ/Ib3OBAHUEM JTIASEPHOIO
U3NYYEHUA 126415 um B SKCNEPUMEHTE

Dasbipos E.B.Y, Anekcees 0.B.2, flyBaHckui B.A.%, KptoKoeckas I M.3, MapiowuHa T.0.3,
Nyuaii B.U.3, PomaHosa A.E.3, KanuHuHa E.A.2

1L BemepuHapHas kKnuHuka «Poceemy», ®I6QY B0 MIYIII, e. Mocksa Poccua
2QrBY «HL JIM um. O.K.CkobenkuHa ®MBA Poccuu», Mocksa, Poccus;
3¢re0y BO Mryrifl, e. Mocksa, Poccus;

AKTYa/IbHbIM ABAAETCA NOUCK HOBbIX, 3GDEKTUBHBIX CNOCOBOB IeYEHUA MENTAaHOM KaK B
BETEPMHAPHOM MeANLMHE, TaK U B MeaULMHE Yel0BEKa.

Lienb pa6oTbl. OLEeHUTb BO3MOMXKHOCTb MCMO/Ib30BaHWUA Na3€PHOr0 U3YyYeHUsA C AJIMHOM
BOJIHbI 126415 HM (CNEKTp NOrNOLEHMA KUCN0POAa B MHPPAKPACHOM AMana3oHe — CBeTO-
KMCNOpoaHbI 3G DEKT) ans NeYyeHnsa MelaHOMbI KOXKM.

Martepuanbl u meTtoapl. Mog HabAloAeHNEM HaXO4UNCh KOLWKa U cobaka, Co CMOHTaH-
HO BO3HMKLWINMM MenaHoMamMm, bUonormyeckoe NoBeaeHUE ONyxonen y MenKknx 4oMaLlHUX
YKUBOTHbIX CXOAHO C BMONOrMYECKMM NOBEAEHNEM COOTBETCTBYIOLLMX OMNYXO/el y Yenose-
Ka. bonbHble — KowKa 1 cobaka, Bo3pacT 12 n 9 net cOOTBETCTBEHHO, OMYX0/au B MOpdo-
IOTMYECKOM OTHOLUEHUW MpeAcTaBAeHbl MeNaHOMOM KOXM, MaKPOCKOMUYECKU NpeacTaB-
nanu cobo 0gMHOYHbIE NAOTHbIE MUTMEHTUPOBAHHbIE 06Pa30BaHMA, PACNOOKEHHbIE Ha
KOKe, IoKanm3auma obpasoBaHUin —06aacTb yxa U NACTU, AMaMeTpom 5 1 15 mm, npu sTom
NPU3HAKOB PEFMOHAPHOIO U OTAANEHHOIO MeTacTa3MpoBaHMA He 0bHapyXKeHo. B kayecTee
WCTOYHMKA S1a3epHOro U3/yYeHMA UCMONb30BAIM SKCMEPUMEHTAIbHBIN ANOAHBIN Nasep -
«Cynep Cab6» (paspabotka OO0 «HoBble Xnpypruyeckue TexHonorum», Poccusa), pabotato-
LM B MOCTOAHHOM pPEeXMUME, A/IMHA BOJIHbI M3y4eHus 126415 Hm, MOLLHOCTb BapbupyeTca
ot 0,3 go 3 BT. B npouecce npoBeAeHWs e4eHnsa NpoBoOAUIM TEPMOMETPUIO 061y4aemoit
061acTV NPU NOMOLUY SNEKTPOHHOIO TEPMOMETPA C TEPMOMAPON.

Pe3synbraTtbl. O61y4eHne npoBoauaock 6e3 cegauunm, Aosa obayyeHus cocrasmna 750-
800 [k\cm?, MOLLHOCTb M3nyYyeHun — 3 BT, paccTosHMe OT UCTOYHUKA M3NYyYeHUa 40 ony-
xonu coctasnano 1,5-2,5 cm., npm aTom 3amepbl TemnepaTypbl C MOBEPXHOCTN OMYXON =
54°C. MNocne npoBeaeHns ceaHca onyxosnb 6iegHena, a 3atem B TedyeHun 8-12 gHen noa-
BEprasacb HEKPO3y U OTTOPrasach, B NocneAcTBUMN aedeKT TKaHeW 3aXKmMBas Mo BTOPUYHOMY
HaTAXKeHuto. Bo Bcex cnyvanax Habaoganacb NonHas perpeccus, y cobaku yepes 3 mecaua
npouvsoLlen peunams onyxoan, KOTopblil noTpebosan NpoBeaeHMA NOBTOPHONO CeaHca 06-
NlyYeHUns ¢ Tem e 3GDEKTOM, Ha MOMEHT HaMMUCaHMA CTaTbM Nepuoa, HabataeHNA cocTas-
nAeT 3 mecALa C MOMEHTa peuuamnBa, NOBTOPHOTO peLmanBa He 0bHapyKeHO.

3akntoueHue. Vcnonb3oBaHMe Na3epHOro M3/Jy4eHUsa C AaHHbIMM MapameTpamu, YTo
00ycnoBMBaeT Kak CBETOKUCIOPOAHbIM 3deKT, Tak n apdeKT runeptTepmmum BO3MOKHO
NPUMEHATb A/1A JIeYEHUA MENAaHOMbI KOXM KaK CaMOCTOATE/IbHYI0 METOAMKY, OCOBEHHO na-
LMeHTaM C NPOTMBOMOKA3aHUAMM K ApYyruM meToam fiedeHnsa. Heobxoammel ganbHenwne
uccnefoBaHUA B 3TolM obnactu.

KntoueBble cnoBa: CBETOKMUCIOPOAHAA Tepanua, CBETOKUCNOPOAHbIN 3ddeKT, menaHo-
Ma, rmnepTepmMmums.
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SKCNEPUMEHTAIbHOE UCCNEAOBAHUE HRAS OHKOBEJ/TIKOB
NPU PAKE MOJIOYHOM XENE3bl

Xymakaesa A.M.'?, Omaposa U.M.}, Paxumos K.2?

IMeoduyuHckul yHusepcumem KapaeaHosl, 100000,Pecnybnuka KazaxcmaH
2MexdyHapoOHbIl Hay4YHO-NPOU3BOOCMBEHHbI X0n0uHe « DuMOoxumus»,
100009, Pecnybnuka KazaxcmaH, e.KapaeaHda, e-mail: phyto_pio@mail.ru
3Kazaxckuli HayuoHanbHeIl meduyuHckuli yHusepcumem um.C.[.AcgheHousposa,
050000, Pecnybnuka e.Anmamel, KazaxcmaH,

BBepeHue. Tepanua paka MOJIOYHOM Kesesbl aKTMBHO pa3BuBaeTca 6iarogaps umsy-
YEHUIO MONEKYNAPHO-TEHETUYECKUX MEXAHM3MOB OMYX0/IEBLIX KAETOK M NOABAEHUIO Mpe-
napaTtoB UeNeHanpaB/eHHOro AeWUcTBMA. YUMTbIiBas reTeporeHHOCTb 3/10KaYeCTBEHHOro
npouecca U Hanyme YyCTOMUYMBBIX K TEPANMKM OMyxosei MOJIOYHOM XKenesbl, CyLecTByeT He-
06X04MMOCTb NOCTOSHHOTO MCCAeA0BaHMA BUOMapKepoB, CNOCOBCTBYOWMX NOBbILLEHNIO
3¢ deKTMBHOCTU NPOBOAMMOM Tepanumn. HecmoTps Ha To, 4To Ras peiko MyTUpyeT Npu pake
MOJIOYHOM XKenesbl, Ras aKTUBMpPYETCS NPU paKe MOJIOYHOW Kenesbl PasANYHbIMKU peryns-
TOpPamM BOCXOAALLLETo NOTOKa, BK/OYan CEMENCTBO PeLenTopoB anngepmanbHoro ¢paktopa
pocra, B yactHoctn EGFR / HER1 / ErbB1 n HER2 / ErbB2 / Neu. MNpoBeaeHHble nccnegosa-
HUMA NOKa3aan, YTo aKcrnpeccuto beska c-Ha-Ras MOXKHO MCNO/Ib30BaTh B KAYECTBE MapKepa
A2 NPOrHO3MPOBAHMA NPOrPECcCUPOBAHUA Paka MONOYHOW Kesesbl, a TaKKe cTpaTuduum-
poBaTb NALMEHTOB B 3aBMCMMOCTM OT IKCMPECCMOHHOIO CTATyCa M PUCKA PA3BUTMA MeTacTa-
3MPOBaHMUA N5 NPOBEAEHUA NPeaonepaLMOHHbIX KYPCOB XMMMOTEPANUN.

Llenb nccneposaHuma. Nonck mapKkepos Aaa NpoBeaeHuA HeOEﬂ,‘blOBaHTHOVI Tepannu
PaKa MOJIOYHOM Kenesbl.

Marepumanbl U meTogbl. bbiio NpoBefeHO PeTPOCNeKTUBHOE UcciefoBaHNe apXUBHO-
ro mopdonormyeckoro matepmana 100 nauMeHToB C AMArHO30M pPaK MOJIOYHOW Kenesbl
[0 1 Noc/ie HeoaAbIOBAHTHOM Tepanuu U onepaTMBHOIO Jie4eHUs B 06beme paguKaibHOM
macTaktomun no MapggaeHy. UmmyHornctoxmmmyeckoe onpegeneHve akcnpeccum Hras
OHKObesIKa nccnenoBanoch nepes Kypcamm npefonepaumoHHon xummoTepanun. UHTeH-
CMBHOCTb M PacnpoOCTPaHEHHOCTb 3Kcnpeccun Hras oueHuBanacb ¢ NoMoLLbio moaubdu-
LMpPOBaHHOM WKanbl UMMyHOpeaKTuBHOCTU Remmele n Stegner (IRS). HenocpeacTBeHHble
pe3ynbTaTtbl NpeAonepaLnmoHHON XMMUOTEPANMK OLEHMBAAACh C MOMOLWbIO MoambuLmpo-
BaHHOM WKanbl RECIST 1.1. CTaTucTnyeckas 06paboTKa AaHHbIX BbINOJHEHA C UCMO/1b30Ba-
HMEM MaKeToB NPUKAAAHbIX Nporpamm Statistica 10.

Pe3ynbratbl U 0bcyKAaeHUA. pn UMMYHOTMCTOXMMMUYECKOM uccnegoBaHumn 100 ma-
Tepuanos TpenaHbuoncum obHapyKeHo Hanauumne akcnpeccun ER-15, PR-15, Her2\neu-22,
Ki67-34, Hras-20%. 3¢deKTMBHOCTb NpeaonepauMoHHoi Tepanuu coctasuna: CR (nonHbin
otBeT)-0, PR (4acTnuHbIi oTBeT)-55, SD (cTabununsauma 3abonesaHus)-33, PD (nporpeccu-
poBaHue 3abonesBaHuA)-11. KoppenAaumoHHbIN aHaNW3 BbIBUA CUNBHYIO MPAMYIO CBA3b
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3Kcnpeccun Hras oo 1 nocne Tepanmm co caeayowmMmm UMMYHOTMCTOXMMUYECKMMM NOKa-
3atenamu: Her2\neu (R=0,78; R=0,76), Ki67 (R=,072; R=0,71), BbifiBNieHa cMAbHaA obpaTHanA
Koppensaums ¢ nepuogom bespeungmBHon Bbixknsaemoctu (R=-0,76; R=-0,75), a TaKkxe C
AaHHbIM NoKasatenem Koppenuposanu Her2\neu (R=-0,78) u ungekc nponudepaunm Ki67
(R=-0,72).

BbiBoAbl. B pesynbrate NnpoBeaeHHOro nccneaoBaHusa, 6bian n3yyeHbl MONEKYAAPHO-Te-
HeTMYecKme 0COBEHHOCTM pPaka MOIOYHOM XKeesbl B 3aBUCMMOCTU OT CTaAnM OMyXOAeBOro
Npouecca, a TakXKe onpegeneHa KoppensuMoHHan CBA3b MMMYHOTMCTOXMMUYECKMX OCO-
6eHHocTel ¢ oHKobenkamu Hras, KoTopble ABAAIOTCA TepaneBTUYECKUMIU MULLEHAMU Npe-
napara aprnabuH.
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NasepHo - poTogMHamunueckaa caHauua 6pIOLLHON NONOCTH
B IeYEeHUN NEePUTOHUTA

Mycradaes P.A., LLUupses B.C., flep6eHes B.A. Tuxos I.B.
OrbY « MHU /JlazepHol meduyuHsl um O.K. CkobenkuHa ®MBA Poccuu», Mocksa

BBepeHue: JleyeHne OCTPOro rHOMHOTO MEPUTOHUTA OCTAETCA OAHOW W3 aKTyalb-
Helwmnx npobaem abaoMMHANBHOW XMPYPrMK, YTO MOATBEPNKAAETCA BbICOKMMU Undpamm
NIeTaNbHOCTM, cocTaBaAlWMM oT 18 go 65 % n TpebyeT NOUCK HOBbIX METOA40B CaHaLuK
6plOLWHOM NONOCTH.

Llenb 1 3agaun. OueHUTb LenecoobpasHocTb NpUMeHeHUA nasepHo-poToaMHammye-
CKYIO CaHaLMu 6PIOWIHOW NOMIOCTU B IeYeHMe NEPUTOHUTA .

Marepumanbl U meTogbl:

PaboTta ocHoBaHa Ha aHanu3e pesynbTaToB obcnefoBaHUA U neveHna 108 60/1bHbIX B
Bo3pacTe oT 35 210 80 /1eT, KOTOPbIX, B 3aBUCMMOCTM OT MeToAa CaHaLMu BpIoWHOM NOA0CTH,
pa3aenunnu Ha 2 rpynnbl - OCHOBHYO (75), KOHTpobHYtO (33). B ocHoBHoOM rpynne (n=75)
naumMeHTam BHYTPUBEHHO BBOAMAMN doTOCEHCMBbUAM3aTop «doToamnTasmH» B gose 0.8 mr/
KI, BPemMa MaKCMMa/bHOro HakonaeHusa ¢poToceHCcnbunamMsaTopa B BOCNaieHHOW bptolnHe
coctanano 2-2.5 4. nocne BBegeHua, [ns nposegeHns OAT ncnonb3oBanm CBETOANOA-
HbI MeanunHCcKMIA annapat JIATYC-T «Macka» ¢ BbIxogHOW mowHocTbio 0,2 BT, Bpemsa aKc-
nosunumm 100-120 cek Ha Kaxkayto obnacTb.

B KoHTpoAnbHOM rpynne (n=33), caHauuio NpoBoaMAN Hanbonee pacnpocTPaHEHHbIM B
KNMHMYECKOM NpaKTuKe cnocobom- 0.02% p-pom xnoprekcuamnHa.

Pe3ynbratbl: Mpy cpaBHEHUN pPe3ynbTaToB NeYeHMs ABYX rpynn 60/bHbIX YCTaHOBAEHO,
4yTO Ucnonb3zosaHme GAT No3B0ANAO BbiCTPEE KYNUPOBaTb NPU3HAKU SIHAOTEHHON MHTOKCU-
Kauuu. AHaZIM3  OCNOMKHEHWI, BO3HMKLIMX B NpoLecce neyeHuns 60/bHbIX, NOKasas, YTo B
OCHOBHOW rpyrnne OHW Pa3BMBAIUCL PEXKE U CMEKTP UX Bbl CYLLECTBEHHO MEHBLUUM, YEM B
KOHTpO/IbHOM rpynne. Hanbonee Yacto B nocseonepaLMOHHOM Nepmoae 0TMeYann HarHo-
eHue nocneonepaumnoHHoM paHbl - 6,2% B OCHOBHOW rpynne n 8,5% B KOHTPObHON.

JleTanbHOCTb y ONepupoBaHHbIX 6H0bHbIX BO MHOFOM ONpesensnach CTeneHblo pachnpo-
CTpaHeHua rHoMHoro npouecca. MMHUMaNbHble 3HAaYEHWA NeTaNbHOCTK (4,5%) OTMeYeHbI
HaMW NP MECTHOM NMEPUTOHUTE B OCHOBHOW rpynne, M B KOHTPONbHOM (7,1%). Takas xe
OVMHAaMUKKa oTmedyeHa npw gpyrux ¢opmax NepuToHUTa: NpU pacnpocTpaHeHHOM - OCHOB-
HaA rpynna -10,6%, KoHTponbHaA - 16,8%, Npu pasnnTom - OCHOBHAA rpynna -22,1%, +KoH-
TponbHaa - 38%.

3akntoueHue: AHaNU3 pe3ynbTaToB NPUMeHeHMA paspaboTaHHoro metoga Hedapma-
KOJIOrMYECKOro NOTEHLMPOBAHWUA TPAAMULMOHHON CaHaLMM BPIOLWHOW NONOCTU NPU PA3INY-
HbIX GOPM FHOMHOrO NEpPUTOHMTA Nla3epHON GoToAMHAMMUYECKOW Tepanuen NOKa3biBaerT,
YTO NpeanaraeMblit MeTog, caHal M BpLolwHOM NoaocTn obecneymnBaeT nyylumne pesynsraTbl
KOMMNJIEKCHOTO SIeYeHUA AaHHOM KaTeropnn 601bHbIX.
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HeKoTopble acneKTbl CTPYKTYPHOro An3ainHa KapbounaHUHOB ¢ OgHOU U
ABYMA XpOMOOpPHbIMU rpynnamm

Moapyruxa T.A.>%, NMasnosa A.C.?, Kpusenesa A.C.*5, LLimbikoea A.M.?, KocTiokos A.A.S,
KysbmuH B.A.S, Ltnnb A.A. **

“Mockosckuli 2ocydapcmeeHHsil yHusepcumem um. M.B./lomoHocosa,
Xumuyeckuli parkynemem, 119991, e. Mocksa, /leHuHckue 2opel, 0.1, cmp.3
SUHcmumym 6uoxumudeckol gusuxku PAH um. H. M. SmaHyans, Poccutickas ®edepayus,
119334 MockKsa, yn. KocelzuHa, 4
*HayuoHanbHeIl MeOuuyuHcKul uccnedosamesnsckuli yeHmMp oHKono2uu um. H. H. baoxuHa
MuHucmepcmesa 30pasooxpaHeHus Poccuu, P,

115478 Mocksa, Kawupckoe wocce, 23

dnyopecueHTHOE MapKMpPOBaHME, KaK HEMHBA3UBHbIA METOA, AMArHOCTUKM, HaxoauT
Bce 6o/siee WNPOKOe NPUMEHEHNE B MEAMULIMHCKOWN NPaKTUKe. BaxkHbIMU 418 YyBCTBUTE/b-
HOCTM, TOYHOCTM U AOCTOBEPHOCTM MEeToAa SABAATCA (IYyOPECLEHTHbIE XapaKTepPUCTUKM
M ONTUYECKMI AMana3oH BO3OYXKAEHMA NPUMEHAEMbIX MapKepoB. Cpeam CyLLEeCTBYOLLMX
dnyopodopoB 0coboe MecTo 3aHMMAIOT LMaHUHOBbIE Kpacutenn. OHM obnagatoTt Henpe-
B30MAEHHO BbICOKMM KO3DPUUMEHTOM SKCTUHKLMM, XOPOLLUMM KBAHTOBbIM BbIX0g40M $yo-
pecLeHUMr 1 Manoi NoYLWMPUHOM NOIOChI B CMEKTpax BO3OyKAeHMA u noriowenus. [1, 2]

B pamKax Hallero ucciefoBaHUsA Mbl CUHTE3UPOBA/IM CEPUMN HOBbIX KapbOoLMaHMHOBDIX
KpacuTtenen ¢ ogHUM 1 ABYyMA XPomModOopHbIMK dparmeHTaMn U pasHoobpasHbIM coyeTa-
HUEM FeTepoLUMKIOB N 3amMecTUTeNel NpU reTepoLMKANYECKMX aTOMax a3oTa C Lie/ibto Bbl-
ABUTb B/IMAHNE 0COBEHHOCTEN CTPYKTYPbl KpacuTenen Ha psas KatouesbiXx poTopusnyeckmx
CBOWCTB W Ha XapaKTep WX B3aMMOZAENCTBUA C BMOMaKpomonekyiamn. UccneposaHa Tem-
HOBAs LMTOTOKCMYHOCTb CUHTE3MPOBAHHbIX COeAMHEHMIA, MOKa3aHa BO3SMOXHOCTb UX HaKo-
nAeHua B pakosbIx KneTkax HCT116, MCF7.

Y=C(CHy)y; § R!, R>=S0;". P(O)(OEY), Alk, (CH,COOR)

Jlumepamypa

MpockypHuHa M. B., NMoapyruHa T. A., KyabmuH B. A., Hekunenosa T. [., 3edpupos H. C. «dnyopo-
dopbl € UHAONEHNHOBLIM CKadpPONAOM U UX NPUMEHEHME B BUOMEANLMHCKUX Lenax». Yoa: Mnem,
bawk. aHumKA., 2016, 128 c.

Alexander P. Gorka, Roger R. Nani, and Martin J. Schnermann. Acc. Chem. Res. 2018, 51, 3226-3235.
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OLEHKA 90 ®EKTUBHOCTU NPUMEHEHMA
3HAOBEHO3HOM NNIA3EPHOM KOATYNALIUU
B IEYMEHNUU BAPUKO3HOM BOJIE3HN HUXHUX KOHEYHOCTEM

Tuxos I.B.%, KopHes A.B.%, Myctadaes P.A4.!
1QreY «MHL /lazepHol meduyuHsl um. O.K. CkobenkuHa ®MBA Poccuu», Mockea, Poccus
2I6Y3 «[Kb Ne 51 flenapmameHma 30pasooxpaHeHus e. Mockasi», Mockea, Poccus

BBepeHue. B HacToALee BpeMA aKTyaibHbIM ANA NeveHun BapI/IK03HOI7l 60n1e3HU cTaHO-
BATCA Ma/IOMHBa3nBHbIE TEPMUYECKNE METObI 061'IHLI,VIM MarmcTpasibHbiX NOAKOXHbIX BEH,
O4HUM U3 HUX ABNAETCA SHOO0BEHO3HAA /1a3epPHaA Koaryaauua.

Uenb. OueHnTb 3PpPEKTUBHOCTM MPUMEHEHUSA SHAOBEHO3HOM Sla3epHON Koarynsaumnemn
(3B/IK) ¢ npumeHeHVem pasHbiX BOH 1a3€PHOM0 U3/ly4eHUA U CBETOBOZOB MpPW JeuyeHus
BAPMKO3HOE paclUMpeHUne NOAKOKHbIX BEH HUKHUX KOHEYHOCTEW .

Martepuanbl U metoapl. [poBeseH aHanm3 232 onepaTUBHbLIX BMELLATebCTB Ha 60/1b-
Lol noaKoxkHoi seHe (BMB) c npumeHeHMem meToga IBJIK ¢ MaKcMMa/ibHbIM ANAMETPOM
B NpuycTbeBom otaene BMNB ao 11 mm (cpeaHnit amametp - 7,611,1 mm). BospacT onepu-
pyembix NaumeHToB coctaBua oT 23 ao71 roga, U3 Hux 186 ( 80,2%) »eHWwmH 1 46 ( 19,8%)
MY}KUMH, C KIaCCOM KNUHUYECKUX NposaBaeHnin C2-C4 no mexayHapoaHou KnaccubuKaumm
XPOHWYECKUX 3aboneBaHN BEH HUXHNX KoHeuHocTel CEAP, npoxoamBLlumx neyeHune Ha ba-
3ax ®rBY «HL, NazepHoit meanumHbl um. O.K. CkobenknHa PMBA Poccum» ¢ 2015 no 2018
rog. OBJIK BbINOAHAAN C NOMOLLBIO OTeyecTBeHHbIX annapaTos JICM-«NP3-Montoc»  anm-
HOW BO/MHbI 970 HM (OAHOMUKPOHHbIM Nasep), BbIxoaAlLen mowHocTbio 20 BT ¢ TopueBbiM
MHOropasosbix cBeToBoAoM B 135 cayyaax. B 97 cayyaax npumenanca annapat JICMN-«UP3-
Montoc» ¢ ANMHOMN BONHbI 1560 HM (MOAYTOPOMUKPOHHBIM fla3ep) ¢ MoLWHOCTbIO 8 BT, 48
M3 KOTOPbIX BblNI0 BbIMOJIHEHO C MPUMEHEHWEM TOPLEBBIM MHOFOPa30oBbIX CBETOBOAOB U
49 c pagvanbHbIMM OAHOPA30BbIMKM CBeToBOZamMK. OnepaTMBHOE BMeELLATe/IbCTBO BbIMNO-
HANOCb NoA Y3 KOHTPO/IeM C NPUMEHEHMEM TYMECLEHTHOM aHeCTe3UN C COYETaHNEM C MU-
HudpnebakTommen nputokos. MNocne NnposeaeHne onepauun Bcem 60bHbIM HaKNaAbIBaACA
KOMMPECCUOHHbIN HaHAax. MocneonepayMoHHbIM KOHTPOAb NpousBoanaca Ha 2,14,60 n
180 cyTKu.

Pe3ynbratbl  0b6cykaeHune: CnydyaeB Tpomb603Mb60/1MM NEFOYHBIX apTepuii n Tpombo3a
rnyboKux BEH B MOCAE0NEPALMOHHOM Nepuoge nocae NpoBeaeHns onepaTMBHONO BMeLla-
TeNbCTBA HaMM HE OTMEeYaocChb.

B 3 (2,2%) cnyyas nocne Ncnosib3oBaHUA AANHbI BOAHbI 970 HM C TOPL,EBbIM CBETOBOAOM
n B ogHoM (2,04%) cnyyae npu Mcnonb3oBaHMe Nasepa AJMHOM BoHbI 1560 HM ¢ pagu-
a/IbHbIM CBETOBOAOM MpU Y3-KOHTPOAE NOLMPOBAINCH JIOKa/IbHble TPOMBO3bl CypasibHbIX
BEH CBfA3aHHble C nepeBe3eHHON nepdopaHToB Npu MUHUPNEeOIKTOMMU. B ogHOM cnyyae
npu nposegeHnn IBJIK BB nasepom ¢ AanHOMN BOHbI 1560 HM 1 TOpLLEBbIM CBETOBOAOM
C yaaneHnem mexcadpeHHoM BeHbl METOA0M MUHUPIEOIKTOMUM HAMM MPU KOHTPOIbHOM
obcnenoBaHMKM Ha BTOPbIE CYTKM NMOC/Ie onepaumn y nauneHTa bbian OLMPOBAHbI OKK/IO-
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3upytowme TpomboTMUeckmMe maccbl B npocsete MIMB Ha NPOTAXKEHMU 5 cm, NCTOYHMKOM
KOTOPOTO ABMIACH KY/1bTA NepeBsA3aHHON BEHbI.

Bo Bpemsa nposeaeHua IBJIK TopueBbim CBETOBOAOM NpuU AaMHE BOAHbI 970 HM nauu-
€HTbI OLLYLLLA/IN YYBCTBO «¥KEHUA» PA3HON NMHTEHCUMBHOCTU B 06/1aCTM NAXOBOW CKAALKM B
52 (38,5%) cnyyasnx, npu npumeHeHue nasepa ANUMHOMN BOAHbI 1560 Hm B 2-x ( 4,2%) cnyya-
Ax. Mpyn npumeHeHue paanasibHOro CBETOBOAA NPU ANNHE BOJIHbI 1560 HM AaHHbIX OLuyLe-
HWI He oTMeYanocb. Tak xe B 2 (1,5%) cnyyasx 6bl10 OTMEUYEHO He 3aKpbiThe npocseTa BMNB
Ha NPoOTAXKeHUM 6 1 9 cm oT CadeHo - pemopasibHOrO COycTbA Nocae BbiNoAHeHUs IBJIK
la3epHbIM annapaTtom AJIMHOM Bo/IHbI 970 HM. MPUUYNHON peKaHaNM3aLUMM MOT NOCAYKNUTb
BblPa*KeHHbI MeamanbHbIi Nputok BIMB. B 7 (5,2%) cayyasx npy IBJIK ¢ nomoLbio ogHO
MWKPOHHOTO fla3epa M TOpPLLeBOro CBETOBOAA M No ogHoMy cayyato (1,03%) npw IBJIK nony-
TOPOMMUKPOHHbIM J1a3epoM C NMPUMEHEHMEM ABYX BUAOB CBETOBOAOB AMArHOCTUPOBAINCD
napecresnu no xoay KoarynMpoBaHHoW BeHbl. B 2 (1,3%) cayyasx nasbnMpoBasacsa NAOTHbIN
60/1€3HEHHbIN TAXK NO XO4Y KOoaryAMpoBaHHOM BeHbl ¢ 06pa3oBaHMEM BOCMAANTENbHOIO
60n1e3HeHHOro MHPUALTPaTa. B paHHWI NocneonepalMOHHbIM Nepuoa Npu NPUMeHeHUN
TopLeBOro cBeToBoaa B 65(48,1%)cnyyasx nocne IBJIK anmHol BonHbl 970 HM 1 38 (40%)
naumeHToB nocsne 3BJIK  anvHOM BoAHbI 1560 HM OTMeEYasIMCb SKXMMO3bl NO XoA4y Koary-
NIMPOBAHHOW BeHbl, Hago 3aMeTuTb, 4TO NPU NPUMEHEHUN U3NYYEHUA AJIMHON BOSIHbI 1560
HM nnowaab ux bblna meHble. Mpy NPUMEHEHMW PAfMANbHOTO CBETOBOAA KOJIMYECTBO
3KXMMO30B CHMU3UOCb, U cocTaBnano 34 (35,8%) cnyyaes. Mo npowecTBun 2 Heaenb y pasa
nauneHTOoB MO XoA4y KoaryiMpoBaHHOM BeHbl onpeaensnack nurmeHTaums, 5 (3,7%) cnyyas
npu UCNosb30BaHWE 04HO MMKPOHHOTO fasepa M no 1 (1,05%) cayyao npu MCnosib3oBa-
HMe NONYTOPOMMKPOHHOTO /la3epa € pa3HbIMU BUAAMU CBETOBOAOB.

3akntoueHue. AHaNN3 NPeACTaBNEHHbIX PE3YNbTaTOB CBMAETENbCTBYET O 3P PeKTUBHO-
TV NnpumeHeHuns ana IBJIK annapatos ¢ A/IMHHOM BOAHbI 1560 HM 06yCcN0BAEHHbI MEHb-
LWMM KOJIMYECTBOM NOC/AEONEPaALMOHHbIX OC/IOXHEHWUI OTCYTCTBUEM 3MU30L0B PEKAHANU-
3aunn 06IUTEPUPOBAHHON BeHbl. CyLLeCTBEHHOM PasHULbl B NMPUMEHEHWE TOPLLEBbLIX W
pafAnanbHbIX CBETOBOAOB Npu obanTtepauunm BMNB anametpom Ao 11 mm mbl He Habatoganu.
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PETUHOTOKCUYHOCTb NMPOTUBOOIMYXOJ/IEBbLIX NMPEMAPATOB U OTBET
KZIETOK MIONJIEPA B CETHATKE IMA3A
KAK OXXUOAEMbIA MEXAHU3M EE PETEHEPALUU

TpoHos B.A., Hekpacosa E.N.!

WHCcmumym xumuyeckol ¢pusuku um. H.H.CemeHosa PAH, Mocksa, vtronov@yandex.ru
MHcmumym 6uoxumudeckoll puauku um. H.M.OmaHyansa PAH

PereHepauus cetyaTkun, Habatogaemasn y amoumbuit, poib 1 NTUL, paccMaTpuBaeTcs Kak
O4MH W3 MyTeW, HanpaB/IEHHbIX Ha Tepanuio 3aboneBaHNn YeloBeKa, CBA3AHHbIX C Aere-
Hepauumel cetyaTkn. OgHMM M3 UCTOYHWKOB PEereHepauumn CYMTAtOTCA [NMaibHbIE KNeTKU
Mionnepa (FTKM). B oTBeT Ha AereHepaumio U CBA3aHHYI0 C Hell rMbenb peTUHaNbHbIX Kne-
ToK, KM, B Hopme nokosimecs, nogsepratorca ge-anddepeHumpoBke, npnobpeTatoT Ka-
YecTBa KNETOK-NpeaLlecTBEHHUKOB M BCTYNalOT B KNETOYHbIN UMKA. B npouecce aeneHun
oHU guddepeHUMpyoTCa B pasHble TUMbl PETUHANbHbIX K/IETOK, BOCCTAHAB/IMBaAsA CTPYKTYpY
1 OYHKUMIO ceT4yaTKn. AMPUOMM 1 pbibbl NOSHOCTBIO BOCCTAaHAB/IMBAKOT CETYATKY, MNTULbI
— NOYTU NONHOCTbIO. Ha cnocobHocTb TKM mneKkonuTalowWwmx K pereHepaLmm CyLLecTByHT
OB€ TOYKM 3peHua: 1 — TKM mieKkonuTatowmx He CNoCobHbI K pereHepauum B CUY UX NPUH-
LMMNMaNbHOM HEeCnocobHOCTM K npoandepaumnn; 2 — nockonbKy N’KM cnocobHbl K Heorpa-
HUYEHHOMY [e/IeHUI0 B Ky/lbType, CYLECTBYIOT Kakue-To GaKTopbl, OrpaHUYMBaloLIneE UX
npoandepaumto in vivo. UN3BecTHo, 4To KM B Ky/ibType cnocobHbl gaxke auddepeHum-
poBaTbCA B HEMpPOHbI U dpoTopeLenTopbl. B TO e Bpems BbICOKMIA YPOBEHb OKCUTeHaLMn
CETYATKM M KJAETOYHOro meTabonmsma npegnonaratoT BbICOKMIN ypoBeHb GOHOBOM noBpe-
®aeHHoct [HK B HeW. Llenb paboTbl — onpegenvtb nospexkaeHme AHK B kneTkax Mionne-
pa B CBSI3M C BO3MOXKHOW MPMYACTHOCTBIO 3TUX MOBPEXAEHMI K OrpaHUYeHHOM nponande-
paumn N’KM in vivo. B KayecTBe MHAYKTOPOB NOBPEXKAEHWUS CETYATKM OblIM anpobUpoBaHbI
4 aNKUANPYIOLWMX areHTa, WMPOKO MCMONAb3YEMbIX B XMMWUOTEPANUM 310KAYECTBEHHbIX
onyxonein pasnuyHol npupoabl — HUMYCTUH (ACNU), aakap6asuH (DTIC), Temo3zonomua,
(TMZ) n metunHutposomoyesmnHa (MHM). B pesynbTaTe nokasanu, 4To OHM obBnapgatoT
PETUHOTOKCMYECKUM AeNCTBMEM in Vitro M in vivo K pacnonaratoTca No PeTMHOTOKCUYHO-
ct1 B pag MHM>TMZ>DTIC>ACNU. Moatomy B uccnegosaHnm N’KM mncnonb3osanm ToNbKo
MHM. B xoae 3TUX UcCneaoBaHUI pelwanncb cneaytowme 3agaqn: (1) paspaborate meTos,
KO/IMYECTBEHHOM OLEHKM nponndepaunn Knetok Mionnepa B ceTyaTKke y Mbllleli B OTBET
Ha AelcTBne meTUAHUTpo3omoyeBuHbl (MHM); (2) oxapaKTepu3oBaTb LUTOTOKCUYECKOE
aerictene MHM, Kak MHAYKTOpa AereHepauuun ceTyaTku y mblweid; (3) oueHnTb npoande-
PaTUBHYIO aKTMBALMIO KNeToK Mionnepa B ceTyaTKe y Mblllei B OTBET Ha aelicteue MHM B
pa3HoW KoHUeHTpauuu; (4) onpeaennts nospexaeHne AHK B knetkax Mionnepa y mbllwei;
(5) npoaHannsmposaTb cBA3b Npoandepaumm 'KKM B ceTyaTKe Mbllel C UHAYLMPOBAHHbI-
MW noBpexaeHnammn n penapauymeit JHK. Metogonorua. Pabota npoBoanaach Ha Mbilwax,
KOTOPbIM OZHOKPATHO BBOAWAWN BHYTPUOPIOLWMHHO MHAYKTOP AereHepaunn ceTyaTku. Ana
mapKuposaHus KM, oueHku nx nponmdepaunn n nospexgeHnin AHK yepes 24 4 sBBognnn
BrdU (2 aHA no 2 MHbEKLMM B AeHb). M3 rnas nssnekann cetyaTky, U3 KOTOpOl roToBuam
K/IETOYHYIO CYCMEH3UIO U TKAHEBble MMKpocpesbl. Mcnonb3oBaance metoabl UMMYHOTU-
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CTO-  UMMmyHouutToxummn, TUNEL-geTtekuma anontosa, meton AHK-komeT. TKM, cogepika-
wue BrdU, getektnposanun no dayopecueHUMn MOHOKNOHAbHbIX aHTU-BrdU aHTuTUTEN,
accoummpoBaHHbIx ¢ dnyopoxpomom Alexa594. Pesynbratbl. MHM mnHayuuposana B AHK
CeTYaTKM MEeTUANPOBaHME OCHOBAHWUM, KOTOpble penapupoBanncb ¢ obpa3oBaHNEM OAHO-
HUTEBbIX PaA3PbIBOB W LLEN0YENabUNbHbIX CAUTOB KaK BPEMEHHbIX aAAYyKTOB, MO KOTOPbIM
npocnexunsanun GopmupoBaHue 1 penapauuio nospexaeHmii JHK. Cnycta 14 4 nHayuupo-
BaHHble nospexaeHna AHK yaanannce nonHoctbo. C 3TOro MOMeHTa BKAtoveHue BrdU B
OHK npoucxoanno TonbKo B KneTkax N'KM 3a cueT pennmMkaTMBHOro cMHTe3a B HUX. Yepes 24
Y nocne uHbvekunn MHM (mo3a 70 mr/kr) Habntoganach HapacTaloLLan BO BpEMEHM aere-
HepauumA ceT4aTKu y Mbllweit B BUAe anonTto3a doTtopeLentopos. MaKkcMmanbHasa CKOpOCTb
rmbenn npuxoannacb Ha 72 4. Bce oCTafbHble KETOYHbIE C/IOM CETYATKMU He npeTepnesa-
NN AeCTPYKTUBHbIX U3MeHeHWN. B oTseT Ha rmbenb ¢oTopeL,enTopoB BO3PaCTaNo YMCAO
BrdU-no3unTunBHbIX KNETOK B ceTyaTKe. JJocTnrano makcmumyma 2x1% ot ob6Lein KneTouHoCTH
CETYATKM Ha 72 4 1 He n3meHsanocb o 108 u., yto roBopuT 06 OrpaHMYEHUM JanbHeNLeRn
nponndepauun N’KM. K atomy BpemeHu KneTkm Mionnepa 3aBepLuany UMK penankaLmm
W No pesynbTaTam mMeTona KoMeT cogepykanun B JJHK 6onblioe KoMYecTBO paspbiBOB. ITn
pa3pbiBbl He BbI3BaHbl NpAMbIM aenctenem MHM Ha ceTyaTKy. B ceTyaTke, o6paboTaHHOM
MHM, MMMYHOLMTOXMMMYECKM OBHapyKeHO 3-KpaTHoe yBesnveHue 3Kcnpeccum p53,
MapKepa u ceHcopa paspbieos AHK. OgHa u3 GyHKLMIA 3TOro Henka cocTout B TOM, YTOObI
NpefoTBPATUTL BXOXKAEHME B LIMKA KNETOK C 60/bLWIMM KoanmyecTBomM nospexaerHnin HK.
Takum obpasom, Hannuune paspbisos B AHK, skcnpeccua p53 asnatotca ¢akTopamu, orpa-
HU4YMBAOWMMKN Nposndepaunto Knetok Mionnepa u, BO3SMOXKHO, pereHepaL Mo CETYaTKN Y
MblLLER Noc/ne peTMHOTOKCUYECKOro cTpecca.
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ONbIT NEYEHNA PAKA MO/IOYHOM XKENE3bl C UCNO/Ib3OBAHUEM
®OTOOUHAMMUYECKOM TEPAMUUN C DOTOCEHCUBEU/TU3ATOPOM
®OTOCEHC B 9KCNEPMMEHTE

Ywa B.B.}, AaBbigos E.B.2, Hemuesa 10.C. !, Anekcees 10.B.?, KaamHuna E.A.Y,
Donrasa [.B.:, Pa6os M.B3.

T@rb0yY BO Mryrin, e. Mocksa, Poccus;
2BemepuHapHasa KauHuka «Poceem», ®F6OY BIO MIYIIM, e. Mockea Poccus
3QrBY «HLU JIM um. O.K.CkobenkuHa ®MBA Poccuu», Mocksa, Poccus

AKTyanbHOW 3agayelt B MeguLMHE U BETEPUHAPUM ABNAETCA NMOUCK HOBbIX 3pdeKTnB-
HbIX METOA0B IeUEHNA OMYX0/eN MOMIOYHOM XKesesbl, B TOM YMC/Ee C MPUMEHEHUE PA3/INY-
HbIX GOTOCEHCUOUIN3aTOPOB.

Lenb pabotbl. OLEHUTb BO3MOMXKHOCTb MCNOb30BaHUA doToceHcnbunmsatopa doTo-
ceHc ana GoToAMHAMMUYECKON Tepanun paka MOIOYHBbIX Xese3 (PM}K) y Bo3pacTHbIX nauu-
eHToB. MaTtepuanbl U metoapl. NaumneHTamm 6bIan KOLWKK (N=3), CO CNOHTaHHO BO3HUKLLM-
MW 3/10KaYeCTBEHHbIMW ONYXOAAMU MOJIOYHbIX »ene3 Bo3pacT oT 16 Ao 19 neT (6onbHble
MMeNn CONYTCTBYIOLLYIO MATONOTUI0 - XPOHUYecKana 6onesHb Noyek, NpyM STOM MOYEBMHA
nosbilweHa B 2-4 pasa oT BIH, KpeaTMHMH noBbiweH B 2-3 pa3a oT BrH), onyxonu B mop-
donormyeckom oTHoOWEHUM NPeacTaBaeHbl YMePeHHO AnddepeHUMPOBaHHbIM U BbICOKO
anddepeHLMPOBaHHBIM A0NBKOBbIM PAKOM MOJIOYHOM ¥enesbl, KAMHUYECKM NpeacTaBa-
nn coboi 0AMHOYHbBIE UK MHOMKECTBEHHbIE NJIOTHblE ByrpucTble 06pasoBaHus, Bblbyxato-
LMe 3a npesesibl MONOYHOWM Kefesbl, AMaMeTpoM OT 2 A0 4 cM, NOABUNKHbIE OTHOCUTENIbHO
OKPYKaOLLMX TKAHEN UAN CNAfHHbIE C OKPYXKAOLWMMM TKAHAMU, NPU STOM PEHTIEHO/OMM-
YeCKW 1 yNbTpacoHorpadnyeckmn NpM3HaKoB PErMOHapPHOTo U OTAAIEHHOrO MeTacTa3npoBa-
HWA He obHapyKeHo. B kayecTBe poToceHcMbunmnsaTopa ncnonbsosanca dotoceHc (Poccums,
perncTpaumoHHblit Homep P N000199/02 ot 04.03.2010), KOTOPbI BBOAWUAN BHYTPUBEHHO
meaneHHo 601t0cHO, 3a 24 4 Ao obaydeHus, B go3se 0,3 Mr\Kr maccbl Tena. MICTOYHUK nasep-
HOTrO U3/TyYEHMA — AMOAHbIM Na3ep U3NYy4YaloLLMN Ha gAnHe BOMHbI 66012 HM (KoTopas Tak-
e nonagaet B nosiocy nornouieHus dotoceHca), MowHocTbo 1,5 BT. [Jo3a obaydeHun co-
crasnsana 300-350 [x/cm?. Pesynbratbl. PoTognHammueckyto Tepanuio (PAT) nposogunauv s
MOHOPEKMME C 3aXBAaTOM TKaHW OKpyrKatowen onyxonb Ha 0,5-1 cm. BontocHoe BBeaeHue
¢doToceHcbunmzaTopa naumeHTbl NnepeHocunmn 6e3 ocnokHeHnn. BeeaeHne doToceHca m
nocnepyowasa AT He NOBAMAAN Ha cONyTCTBYOWMe natonormn. Nocne nposegenuna AT
OnNyxoau Kak npasBuio 6iegHenn u ymeHblLanmcb B pasmepe Ha 30-60 % B TeueHun 8-14
AHel, Takum obpasom Habaoganacb YacTyHasa perpeccus. [na nonHoro perpecca PMXK
TpeboBanocb nposeseHune 2-4 ceaHcos PAT, B nocneacTsmum aedeKT TKaHe! 3axunsan no
BTOPUYHOMY HaTAMKEHMIO.

3akntouenune. PAT c doTtoceHcnbunmsatopom PoToceHC BO3MOXKHO MPUMEHATL MpU
paKe MOJIOYHOM ¥ese3bl B BEeTEPUHAPHOW MeauLMHE, C MePCNEKTUBON NPUMEHEHNA B Me-
ANUMHe YenoBeKa. Heobxoavmbl ganbHenwmne nccnefoBaHua B sToi 06a1actu, B ToM uncne
B HanpaBAeHUM KOMBUHMPOBAHHBIX METOA0B /IeYEHUA.

KntoueBble cnoBa: potoanHammyeckas Tepanua, pak MOIOYHbIX Kenes, GoToceHC.
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Acyclogermanium: synthesis and study of antivirus activity in
herpesvirus infection

Alimbarova L.M. *?, Aleshin S.V.2, Ambrosov I.V.?

'FSBI «National Research Center for Epidemiology and Microbiology N.F. Gamalei”,
Ministry of Health of the Russian Federation, 123098, Russia, Moscow, Gamaleya St., 18
2GBOU VPO I.M.Sechenov First MGMU Ministry of Health of the Russian Federa-
tion,119991, Russia, Moscow, Trubetskaya St., 8/2
3LLC WDS Pharma, 123592, Russia, Moscow, Kulakov st., 20, “G”

Acyclic nucleoside analogues (ANA), which have a selective effect on HSV DNA
polymerase, are the drugs of choice in the treatment of herpes virus infection (HSVI), which is
one of the most common and socially significant human infections. However, their use is not
always effective be-cause of relatively moderate pharmacokinetic properties.Improving the
bioavailability of AAS with the aim of increasing the effectiveness of Gl therapy is an urgent
task. We have synthesized a new acyclic analogue of acyclovir (ACV) - acyclogermanium,
belonging to the class of small molecules and being a complex compound consisting of 2
germanium atoms, a fragment of ACV, connected by 4 citrate ions and an arginine fragment.
The structure and chemical purity of acyclogermanium is confirmed by NMR, IR, HPLC,
atomic absorption spectrometry and X-ray structural ana-lysis.Compound formula in gener-
al:GE2[C6H507]4[C8H11N503][C6H14N402].

Ly
%"g Ao N\)k

Fig 1. Structural formula of acyclogermanium

Bioavailability, cytotoxicity, antiviral activity of acyclogermanium on the HSVI model in
vitro (in relation to HSV-1, strains: L2, L2/R-resistant to ACV, K, ES); HSV-2 (strain VN)) and in
vivo (on a model of meningoencephalitis in mice, genital herpes in guinea pigs, ophthalmic
herpes in rabbits) were studied in accordance with the procedure [2]. Studies have shown
that the introduction of the organo-germanium component allowed to reduce the effective
dose of ACV, and at the same time to obtain a drug that exceeds the parent compound (ACV)
inits biopharmaceutical charac-teristics: higher water solubility (> 25% for acyclogermanium
vs 0.13% for ACV ) and biorelevant environments;higher bioavailability of the ACV fragment
(>90% in acyclogermanium vs 15-20% in ACV (oral)); expressed therapeutic activity due to
the presence of a combined mechanism of act-ion (antiviral and immunotropic), the pres-
ence of activity against ACV-resistant HSV-1. The data indicate the prospects for the use of
acycogermanium for the treatment of diseases caused by HSV.

References
[1] Mironov A.N., Merkulov V.A., and other. Guidelines for the examination of medicines. M. Grief
and co. 2013, v. 2. 280 p.
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Novel Sn(IV) and Au(l) Complexes with Curcumin as Perspective
Antioxidants

Antonenko T., Shpakovsky D., Lukyanchuk M. and Milaeva E.

Department of Medicinal Chemistry and Fine Organic Synthesis,
Lomonosov Moscow State University, 119991, Russia, Moscow, Leninskie Gory, 1-3

The prevalence of degenerative diseases could be prevented if the body has an
efficient antioxidant mechanism to scavenge the free radicals which are their main
causes. Curcumin and its derivatives are widely employed as antioxidants. A series of
new curcumin complexes Me,SnL (1), Ph,SnL (2), Me,SnL, (3) and Ph,PAu(L)CI (4) (L =
curcumin) were synthesized and characterized. The radical scavenging activity of L and
complexes 1-4 was monitored spectrophotometrically at 517 nm in reaction with stable
2,2-diphenyl-1-picrylhydrazyl radical (DPPH). Antioxidant activity was evaluated (Fig. 1)
as the amount of antioxidant which is necessary to decrease the initial concentration of
DPPH by 50% (Efficient Concentration = EC_.).
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Fig. 1. Reduction of the optical density of the DPPH solution in the presence of different concentrations
of compound 1 at 517 nm (EtOH, 20 °C).

The high activity of all compounds was demonstrated (Table 1). It was found that complex
3 is the most active that makes it promising for further research as an effective antioxidant.

Table 1. £C,  values for L and complexes 1-& in DPPH-test.
Compound L 1 2 3
EC., UM 31+3 38+4 41+3 11+4 38+4

This work was supported by RFBR (Grants Ne 17-03- 01070, 18-03-00203).
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Nanoparticles based on N-vinyl-2-pyrrolidone conjugated with cytokine
TRAIL DR5-B/V114C induce cell death in colorectal carcinoma

Artykov A.%, Kulikov P.2, and Yagolovich A.*

1Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry Russian Academy of sciences,
117997, Russia, Moscow, Miklukho-Maklaya, 16/10
2D.I. Mendeleyev University of Chemical Technology of Russia,
125047, Russia, Moscow, Miusskaya sq., 9

Previously we obtained an amphiphilic polymer based on N-vinyl-2-pyrrolidone, modified
by maleimide at the hydrophilic end of the polymer chain for further covalent conjugation
with antitumor cytokine TRAIL DR5-B/V114C by the cysteine-maleimide bond. This method
provides conjugation strictly by the N-end of the protein, ensuring the correct orientation of
protein molecules on the surface of the nanoparticle.

The polymer in concentration 1 mM was incubated overnight with TRAIL DR5-B/V114C
protein with a 1:120 protein-to-polymer molar ratio in 150 mm NacCl solution, pH 7.5 at
room temperature. The obtained nanoparticles were precipitated by centrifugation. The
protein content was determined by Bradford assay. Polymer nanoparticles completely
entrapped the protein from the solution, while the protein retained its solubility. The size
of nanoparticles was investigated by dynamic light scattering. The average particle size was
1pum.

The obtained conjugates induced up to 40% cell death in colorectal carcinoma cell lines
HT-29 and HCT116 in vitro. Thus, cytokine TRAIL DR5-B/V114C conjugated with polymer
nanoparticles based on N-vinyl-2-pyrrolidone retained cytotoxicity similar to that of soluble
cytokine TRAIL DR5-B/V114C.

The work is supported by the RFBR grant No. 18-34-00812.
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Analysis of informativeness of immunohistochemical and flow cytometric
methods for estrogen receptor a evaluation

Basharina A.A., Ryabinina 0.M., Chemeris G.Yu., Bogush E.A., Vichljantzeva N.O.,
Kolomiytsev S.D., Bogush T.A.,

Group of molecular tumor markers, N.N. Blokhin National Medical Research Center of
Oncology, 115478, Russia, Moscow, Kashirskoe sh., 24

Informativeness of two methods — immunohistochemistry (IHC) and flow cytometry
(FCM) — for the evaluation of estrogen receptor o (ERa) expression in breast cancer tissue
was performed. We aimed to determine the frequency of false-positive and false-negative
results of a routine IHC assay in clinical practice and to develop an algorithm to reduce the
amount of tumor molecular phenotype errors. The study was performed on surgical breast
cancer specimens of 60 patients operated in N.N. Blokhin National Medical Research Center
of Oncology. The method of analysis was described in detail previously [1].

Two levels of the marker expression were determined by FCM — low and high (ERa were
detected in <40 and >40% of the tumor cells, respectively). The same frequency of expression
was revealed by both methods: 27% of ERa-negative and 73% ERa-positive cases. However,
in the case of routine IHC determination, low level of the marker was detected in only 20%
of the ERa-positive tumors. The evaluation of expression by FCM showed that the number
of tumors with the low-level of ERa expression was more than twice higher — in 48% of
cases. Conversely, the IHC results showed that frequency of high-level of ERa expression in
tumors was more than 1.5 times greater than in the FCM assay (80 and 52%, respectively).
Moreover, FCM revealed positive expression (23-60%) in 33% of IHC ERa-negative cases.
Among IHC ER-positive cases, no ERa expression was detected by FCM in 12.5%.

The approaches to minimize errors in routine clinical evaluation of the estrogen receptor
status were proposed. Any result of IHC assay should be verified by an additional IHC analysis
in other tumor sections. We truly believe that in the case of ERa IHC-based negative status,
the test must be verified three times, because, according to our data, the frequency of
false-negative ERa results exceeds 30%. Only in the case of three negative results (optimally
obtained using different clones of monoclonal antibodies), the conclusion that the tumor is
ERa-negative should be recognized as final.

References
[1]. Bogush, T.A., Shaturova, A.S., Dudko, E.A., et al., Vestn. Mosk. Univ., Ser. 2. Khim., 2011, Vol. 52,
Ne 4, pp. 305-312.
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Antiglycation, antiglycoxidation and copper chelation activitivities of
Losartan, Eprosartan, Lipoic acid and Aminoguanidine

Batychek A.!, Khokhlacheva E.!, Shamshina D.}, Litvinov R.! and Spasov A.!

Ipharmacology and Bioinformatics Department, Volgograd Stage Medical University,
400131, Russia, Volgograd, Pavchikh Bortsov Sq., 1

Advanced glycation end-products (AGEs) are formed in non-oxidized glycation
reaction (pirraline) and in oxidation-dependent conditions — glycoxidation (pentazidine,
carboxymethyllysine). Both of them lead to the development of long-term diabetes
mellitus complications (DMC). Anti-DMC agents Losartan (nephropathy), Eprosartan
(nephropathy), Lipoic acid (neuropathy) and Aminoguanidine (experimental anti-DMC)
(Sigma Aldrich) were tested in vitro for the presence of antiglycation, antiglycoxidatoin
and copper chelation properties. Glycation reaction (described in [1]) conditions: in
phosphate buffer solution (PBS, 0.05 M, 7.4 pH), 1 g/L bovine serum albumin (BSA)+0.5
M glucose+10-1000 uM compound (in DMSO) =» 60°C, 24 hours =» AGE’s fluorescence
detection (370 nm excitation, 440 nm emission, Infinite 200 Pro, TECAN); glycoxidation
reaction conditions: in HEPES-buffer (0.01 M, 5.8 pH), 1 g/L BSA+0.5 M glucose+10 mg/L
CuSO,*5H20+10-1000 puM compound (in double distilled water) = 60°C, 24 hours =&
AGE’s fluorescence detection (370 nm excitation, 440 nm emission, Infinite 220 Pro,
TECAN); chelation reaction (Cu?* induced ascorbate autoxidation [3,4]) conditions: 1 step
— compound (in DMSO)+CuS0O,*5H,0 (in distilled water) = 5 minutes, 37°C; 2 step — the
“step 1” product add to the 2.5 ml of ascorbate solution (finally, 100 uM ascorbate+75 uM
compound+95 uM Cu?*) = optical density (OD) detection (PD 303 UW, APEL) until the stop
of OD loss becomes, half-time (Tm) of the OD loss calculation. Higher Tm corresponds
with stronger Cu**-inactivation. The result, IC | glycation / IC, glycoxidation /Tl/2 ascorbate
autoxidation (respectively): 3.6 mM / 0.1 mM / 91.2 seconds (Losartan), 3.4 mM / 2.2 mM
/ 151.2 seconds (Eprosartan), 2.3 mM / 1.6 mM / 44.6 seconds (Lipoic acid) and 0.77 mM /
>10.0 mM / 32.4 seconds (Aminoguanidine) respectively. In conclusion, sartans and Lipoic
acid, but not Aminoguanidine, stronger prevented AGEs production in oxidize-dependent
conditions (with Cu?*), suppressed prooxidative action of Cu?*. Aminoguanidine was inactive
in Cu**-contained medias.

References

[1] A.A. Spasov, O.N. Zhukovskaya, A.A. Brigadirova et al. RUCB. 2017, 66(10), 1905-12

[2] D.D. Shamshina and R.A. Litvinov. Vestn. Volg. Gos. Med. Univ. 2018, 65(1), 115-17

[3] AV. lvanov, D.D. Shamshina, R.A. Litvinov and V.V. Batrakov. Vestn. Volg. Gos. Med. Univ. 2018,
66(2), 47-49
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SYNTHEIS OF NOVEL PSMA LIGANDS WITH INCREASED WATER SOLUBILITY
Ber A.P.}, Machulkin A.E.%, Beloglazkina E.K.!, Kovalev S.V.!, Majouga A.G.?

Chemical Department, Moscow State University,
119991, Russia, Moscow, GSP-1, 1-3 Leninskiye Gory
Dmitry Mendeleev University of Chemical Technology of Russia,
125047, Russia, Moscow, Miusskaya Sq., 9

Prostate cancer (PC) is the most prevalent malignancy spread widely among men. There
are 1,3 millions new cases of malignant prostate tumors [1]. A wide range of approaches
to treatment exists, but none of them does not effectively treat metastatic tumors and can
lead to various side effects. Targeted delivery can be one of possible solutions. Prostate
specific membrane antigen (PSMA) is an established prostate cancer marker and has been
considered as a biological target for anti-PC drug delivery. The protein was found to be over-
expressed in PC cell and their metastases more than 10000 times [2]. There are several small
molecules, that selectively binds PSMA [3-4].

In the present work PSMA selective ligands were synthesized and charachterized.
Compouds were consists of vector, that provided selective binding to PSMA, and a linker.
Linker had aromatic amino-acids for better binding with target. Lysine’s amino-group was
modified with substituted benzyl aldehydes, mostly polar nature (-NO,, -OH).

All synthetized compounds was characterized by H and *C NMR spectroscopy, high
resolution mass spectrometry. Purity of ligands was controlled with HPLC/MS. 12 ligands with
different aromatic substituents were synthesized and characterized. To find out relationship
between position of polar group in aromatic ring, a series of nitro-group compounds were
synthesized. In our previous work [5] ligands with urea linkage between vector and linker
showed better selectivity. This time we synthesized para-nitro compound with dipeptide
linker. All ligands proceeding in vitro testing.

As a result of present work twelve ligands were synthetized. Their structure was
approved through NMR *H and 3C spectroscopy, high resolution mass spectrometry. Purity
of compounds was confirmed by HPLC/MS.

This work was kindly supported by Ministry of Education and Science of Russian
Federation 02.G25.31.0219
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Immunoadhesion markers of tumour-infiltrating CD8+ lymphocytes
significant for a preventive effect as well as for increasing the lifespan and
quality of life in mice with spontaneous hepatocarcinogenesis

Bocharova 0.A.}, Revishchin A.V.2, Bocharov E.V.}, Karpova R.V. !, Kazeev LV.},
Utkina M.V.}, Pavlova G.V.2, Kucheryanu V.G.3

IN.N. Blokhin NMRC of Oncology, 24 Kashirskoe shosse, Moscow, 115478, Russia
2Institute of gene biology of RAS, Vavilova St, Moscow,211933, Russia
3The institute of general pathology and pathophysiology,
8 Baltiyskaya St, Moscow, 125315, Russia

The aim of this investigation was to evaluate the association between the expression of
CD8, CD11a and CD11b antigens on tumour infiltrating lymphocytes (TILs) with the level
of tumour formation, survival and quality of life in CBA mice under multiphytoadaptogene
complex dry powder (DMPAC) preventive administration.

Materials and methods. Control male mice CBA/LacY (n = 90) received water, experi-
enced mice (n=170) — 0,3% DMPAC water-solution during the first month of life (preventive
administration). DMPAC is a standardized pharmaceutical complex of forty plants, including
adaptogenes. The TILs were examined immunohistochemically using the avidin-biotin per-
oxidase complex method. The number of positively stained CD8+ CD11a+ CD11b+ lympho-
cytes was counted in 10 fields of view. The average number of cells was determined.

Results. TILs were observed in low quantities (2.3 + 0.2 cells/field of view) in the tu-
mours of the control mice. The number of TILs was 118.6 + 11.0 cells/field of view in the tu-
mours of the experimental animals. It was detected that hepatocarcinomas of experimental
mice were infiltrated with CD8+ cytotoxic lymphocytes expressing LFA-1 (CD11a) and Mac-1
(CD11b) leukocyte integrins. Hepatocarcinomas infiltration was significantly associated with
tumour destruction, increased expression of these antigens on peripheral blood cells as
well as with a decrease of interleukins 6 and 10 levels in the serum. At the same time in
the DMPAC-exposed mice the tumours occurred with lower frequency (by 31%), the total
hepatomas mass per one animal were lower (by 66%) than in the control animals. Moreover
mice with CD8+ CD11a+ CD11b+ TILs had a better average lifespan and survival median (by
18 and 19% respectively) as well as somatic condition including motor activity.

Conclusion. When preventive exposed to DMPAC, CD8+ CD11a+ CD11b+ TILs can be sig-
nificant for tumour process reducing and increasing the animals survival and quality of life.
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Survival and quality of life in CBA mice with spontaneous
hepatocarcinomas under multiphytoadaptogene complex dry powder
preventive administration

Bocharova 0.A.%, Karpova R.V.}, Bocharov E.V.}, Kazeev L.V.},
Utkina M.V.}, Kucheryanu V.G.2
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8 Baltiyskaya St, Moscow, 125315, Russia

The aim of this investigation was to estimate survival and quality of life in CBA mice ge-
netically predisposal to hepatomas that are predisposed to spontaneous hepatomas under
multiphytoadaptogene complex dry powder (DMPAC) preventive administration.

Materials and methods. Control male mice CBA/LacY (n = 90) received wa-
ter, experienced mice (n = 170) — 0,3% DMPAC water-solution during the first
month of life (preventive administration). DMPAC is a standardized pharmaceuti-
cal complex of forty plants, including adaptogenes. The average lifespan and medi-
an survival (by Kaplan-Meyer method), body weight of mice (at the age of 4, 8 and
22 months) and coat state (at the age of 22 months) of animals were determined.
Results. The average lifespan of DMPAC-administered mice was increased by 3.5 months
(p <0.001) compared to control mice (22 months). One experienced male lived 1001 days
(33 months). It had one tumour the size of 520 mm3. At the same time the median survival
of experienced mice (25.3 months) was increased compared to control by 5 months (p =
0.015). The body weight values of the mice in both groups did not differ at the age of 4
and 8 months. At the age of 22 months, the control mice showed cachexia syndrome with
a decrease in body weight from 32,0 + 0,6 g to 28,0+0,4 g (p=0,0003). At the same time the
body weight value (34.0 + 0.3 g) and motor (behavioral) activity of DMPAC-administered
mice corresponded to the state of eight months age. The coat state of experienced mice was
normal in contrast to the control mice, which showed signs of alopecia in 20% of cases. The
increased survival and quality of life in DMPAC-administered mice was significantly associ-
ated with magnification of LFA-1 and Mac-1 leukocyte integrins expression on peripheral
blood cells, tumours infiltration with cytotoxic CD8+ CD11a+ CD11b+ lymphocytes, with a
decrease of interleukins 6 and 10 as well as catabolic stress-hormone corticosterone levels
in the serum, with an increase of anabolic hormone testosterone. These results were ac-
companied by a lower tumour formation frequency and hepatocarcinomas size.

Conclusion. So, data obtained demonstrate that the regulation of the immunoadhesive
and stressor mechanisms during the DMPAC prophylactic administration adjust the
antitumor reactions probably as well as the survival and quality of life in high-cancer animals.
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SYNTHESIS OF HYBRID ORGANIC-INORGANIC MOLECULARLY IMPRINTED
POLYMERS FOR SELECTIVE SORPTION OF GLUCOSE
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Institute of Macromolecular Compounds, Russian Academy of Sciences,
199004, St. Petersburg, Russia, Bolshoi pr.31
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The molecular recognition of carbohydrates, especially of glucose, becomes remarkable
due to their importance as biomarkers in different biological systems. In addition, selective
uptake of glucose is actual for developing new approaches to the treatment of hyperglycemia
and correction of blood glucose levels. Molecularly imprinted polymers (MIPs) for these
purposes seem a viable alternative to expensive affine sorbents.

Novel granular organic-inorganic molecularly imprinted polymers (MIPs) based on
2-hydroxyethyl methacrylate (HEMA) and ethylene glycol dimethacrylate (EGDMA) were
prepared by co-polymerization on the surface of selenium (Se) stabilized with poly(vinyl
pyrrolidone) (PVP) nanoparticles (Se/PVP). Reactions of reduction of red amorphous Se
(a-form)intheacidicenvironmentofascorbicacid andin alkaline medium B-mercaptoethanol
were previously studied; the reactions were carried out in an aqueous solution of PVP
(M, = 55 000.) directly. HEMA-EGDMA@Se/PVP hybrid beads were synthesized under
varying physico-chemical synthesis conditions (acidic or alkaline environment). The acidic
environment was found to be better for the preparation of hybrid polymer beads in a
narrow range of particle size. The surface HEMA-EGDMA layer was molecularly imprinted
with glucose templates (6 mol%). The modification of HEMA-EGDMA@Se/PVP matrix
with orthoboric acid (6 mol%) that forms reversible covalent bonds with 1,2-cis or cis-1,3
diols was studied, too. Therefore, we tried to create additional specific sorption centers
in sorbents, as well as to prevent distribution of the associated glucose dimer and trimer
molecules in the HEMA-EGDMA layer during molecular imprinting process. Thus, we tried
to ensure the formation of highly specific imprint site around a single template molecule.

The following samples of sorbents were prepared: the non-modified non-imprinted
polymer (NIP) as the reference sorbent, the modified with boric affine groups non-imprinted
polymer (Aff-NIP), the polymer molecularly imprinted with glucose (MIP), and the imprinted
polymer that was additionally modified with boric affine groups (Aff-MIP). The presence of
boric affine groups in the matrix resulted in the formation of sorption sites with high specific
affinity to glucose. In addition, thermodynamics of sorption showed different nature of
specific affinity of imprint sites to glucose in the MIP and the Aff-MIP networks.

The work was financially supported by the Russian Foundation for Basic Research (projects
no. 18-03-00835-a).
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Early contrast MRI identification and magnetic thermo-chemo-therapy of
the breast gland CA755 by combinations of nanoparticles with Furox

Brusentsov N.A.!, Golubeva 1.S.}, Bocharova 0.A.}, Polianskiy V.A.%, Gulyaev M.V.3,
Pirogov Y.A.2, Anisimov N.V.2

IN.N. Blokhin NMRC of Oncology, 24 Kashirskoe shosse, Moscow, 115478, Russia;
2M.V. Lomonosov MSU, Research Institute of Mechanics, 119992 Moscow, Russia;
3Faculty of Fundamental Medicine MSU Lomonosova, 119992 Moscow, Russia.

Purpose of the study. Evaluation of early contrast MRI imaging of the centers of pro-
liferation of malignant cells (CPMC) using Dextranmagnetite-Co?* (DM-Co*) -Magnevist®
(MV), (DM-Co?**-MV) combinations and 40% DM-Co?" anti-cancer activity during magnetic
thermotherapy (MTT) of 40% sol DM-Co?* Furox (DM-Co?* -FO) with magnetic thermo-che-
mo-therapy (MTCT).

Materials and methods. From activated magnetite doped with Co%, DM-Co?" was syn-
thesized, consisting of nanospheres with diameters from 25 to 39 nm with a magnetite core

with diameters from 5 to 11 nm, coated with dextran. 3 days after breast gland Ca755 cells
inoculation, 6 ml of DM-Co?* aqueous sol and 0.2 ml/kg MV were injected intravenously
to 6 C57BI/6j female mice. Mice were placed in the field “BioSpec BC 70/30 USR biospec-
trograph” (“Bruker”) and MRI scans of tissues were performed in T1 weighted (W) and T2
W image acquisition modes. At MTCT 6 female mice with Ca755 were injected into CPMC
tissue with a diameter of 21 + 7 mm? with 80 mg/kg of super paramagnetic nanoparticles
of citric magnetite with 50 mg/kg of Furox in 0.2 ml of water, the tissues of CPMC of mice
were in the RF field 0.88 MHz, 150 W. The temperature of the CPMC increased from + 37 to
+45° C.

Results. We developed combinations: 1) Dextranmagnetite-Co?*-Magnevist (DM-Co?*-
MV) caused a reduction in the time of visualization of CPMC by 2-3 days; 2) Dextranmagne-
tite-Co?* -Furox caused in mice a decrease in the volume of CPMC to 1.0 + 0.3 mm?3; 3) 40%
sol DM-Co? with MTT increased the lifespan of mice by 92%; 4) a combination of 40% sol
DM-Co*-Furox with MTCT, resulted in an increased the lifespan of mice by 180%. The life-
time of mice of all groups vas compared, mean * standard deviation (p < 0.05).

Findings. At the early stages of the development of tumors, CPMC was visualized and,
during treatment, they received a significant increase in the efficiency of magnetic TCT.

Various aspects of this study were partially supported by grants from the Russian Founda-
tion for Basic Research: 19-01-00056, 17-01-00037.
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Studying the pharmacokinetics of CSL 1208

Deychman Z.G.}, Budko A.P.%, Ermakova N.P. !, Konyaeva O.l. !, Kulbachevskaya N.Y.},
Chaley V.P.}, Badun G.A.%, Chernysheva M.G.2

IN.N. Blokhin National Medical Research Centre of Oncology
of the Health ministry of Russia, Kashirskoe sh. 24, Moscow
2Lomonosov Moscow State University,

Leninskiye gory 1, Moscow, Russian Federation, 119991

CSL 1208 is a representative of the indolocarbazol class synthesized in the chemical
synthesis laboratory of Research Institute for Experimental Diagnostics and Tumor Treatment.
It is related to protein kinase C inhibitors and is currently going through clinical trials. A
study of pharmacokinetics, according to [1], is an obligatory stage of pre-clinical studies of
new medication. The lyophilized dosage form (DF) containing dimethyl sulfoxide (DMSO) has
been developed due to the insolubility of the substance in water. To study pharmacokinetics
a tritium labeled CSL 1208 (*H-CSL 1208) was synthesized by means of tritium thermal
activation method [2]. Radiochemical purity of *H-CSL was not less than 90%. The study
was conducted on DBF male mice, weighing 23 g, with intramuscularly transplanted Lewis
epidermoid carcinoma (LLC). The substance was introduced intravenously in the form of DF
at a dose of 25mg / kg. The radioactivity of biological samples was counted with the help of
the 1219 RackBeta LKB Wallac spectrometer.

Pharmacokinetic studies with 3H-CSL 1208 used 15 tissues and organs of mice, including
the LLC tumor, showed tropism for the liver, kidneys, bone marrow when administered
intravenously in the dosage form. Selective accumulation in the tumor has not been
detected. The cumulative excretion with urine and feces is 28.6% and 56.7% respectively,
and generally ends at 24 hours of observation.

Thus, pharmacokinetic studies have shown 3H-CSL 1208 intake in all the studied
tissues and organs, including LLC tumor. Liver and kidneys are considered to be the organs
of egestion, where the area under curve AUC 0-72h was respectively 10 and 3.6 times higher
than in blood, and MRT average retention time was 18.3 and 14.2 hours respectively at 19-
25 h for other organs. MRT for bone marrow was 39.3 hours. For tumor MRT was 28,7 hours.
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Synthesis and antioxidant activity of 4-methyl-2-prenylphenol derivatives
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Novel Mannich bases containing tertiary and secondary amino groups were synthesized
from 4-methyl-2-prenylphenol (1) (Scheme). For the synthesized derivatives 2-7, 12-14,
radical-scavenging activity and antioxidant (AO) activity were assessed on an organic
substrate containing animal lipids, as well as Fe*-chelation ability, AO-, and membrane-
protective properties using red blood cells of laboratory mice. It was shown that with
respect to a set of indicators characterizing the studied compounds as inhibitors of oxidative
processes, the most optimal bioantioxidant was Mannich base with n-octylaminomethyl
fragment (compound 14) [1].

X
NR'R2 _aorbore borc NHR®

s X=0
941 X =NR®

NR'R2 = NMe;, (2), NBu, (3 4), 5 6) 7
e (2), uz()K/( O()Q( N (7)

OH

12-14

NR® = NCH(CH,), (9, 12), NBu (10, 13), NCgH;7 (11, 14),

Scheme. Reagents and conditions: a) HCHO (aq.), Me,NH (aq.), MeOH, r.t., 24 h; b) HCHO,
dibutylamine, morpholine, piperidine or azepane, PhH, reflux, 612 h; c) HCHO, piperazine, CaCl,,
110°C, 35 min; d) HCHO, SnCl,, Bu,N, PhMe, reflux, 10 h; e) cyclopropylamine, butylamine or
octylamine, molecular SI€V654A PhH, reflux, 3.5 h; f) NaBH,, EtOH, reflux, 30 min.

The reported study was funded by RFBR, according to the research project
No. 18-03-00950 a.
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Development of new hybrid nanomaterials based on lipids and sterical
hindered phenols for targeted drug delivery
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Currently, owing to the use of nanomaterials, targeted drug delivery systems are
being actively developed. The latter include antioxidants of natural and synthetic origin.
Among synthetic antioxidants, a special place belongs to the class of sterically hindered
phenols (SHP). The prospect of using synthetic phenolic antioxidants in the treatment of
Alzheimer’s disease, Parkinson, etc., is limited by their low bioavailability, rapid degradation
in vivo and the impossibility of passing through biological barriers. In order to solve these
problems, in the present work new hybrid polyfunctional nanomaterials based on lipids
and functionalized derivatives of SHP were developed. At the first stage, the process of self-
association of SHP derivatives is investigated by a complex of physicochemical methods.

B
=8 SHP-n-Bn, SHP-n-R, rae n =2, 3;R = CHZPh - (SHP -n-

HO o] Bn); R= CsHu - (SHP -n-C-8); R = CmH21 - (SHP -n-C-
sl L. 10); R = Clezs - (SHP -n-C-12); R = C16H33 - (SHP -n-
C-16)
Me —N*-R

Br |
Me
Quantitative characteristics of the resulting aggregates were determined, such as critical
concentrations of association, solubilization capacity, aggregation numbers, hydrodynamic
radius. L-a-phosphatidylcholine-based liposomes were obtained and modified by PZF; their
physicochemical characteristics, size and zeta potential, were investigated. The studied
systems were shown to be cholinesterase inhibitors with antioxidant properties.

This work was supported by the Russian Science Foundation, the project 19-73-30012.
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Synthesis of new biologically active (+)-camphoric
acid heterocyclic derivatives

Chernyshov V.V.'?2, Yarovaya O.1.1%, Zarubaev V.V.3, Salakhutdinov N.F.%?

INovosibirsk State University, 630090, Russia, Novosibirsk, Pirogova str. 2
2N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry, Siberian Branch, Russian
Academy of Sciences, 630090, Russia, Novosibirsk, Lavrentjev Avenue 9
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Use as a source of structural blocks in the synthesis of new libraries of biologically
active substances of terpenic compounds is one of the most popular trends in modern
medical chemistry. A series of polycyclic nitrogen-containing compounds (2-7), which can
be attributed to analogues of alkaloids, has been synthesized by a one-stage interaction of
(+)-camphoric acid 1 with diamines of various structures. A set of cyclic amides (8-15) has
been produced by the interaction of acid 1 with a series of primary amines.

All the compounds described are tested as inhibitors of the influenza virus A and Hantaan
virus. Compound 8, which has structural similarity with quinazoline alkaloids, turned out to
be the most active agent for A/Puerto Rico/8/34 (H1N1), A/Aichi/2/68 (H3N2), A/mallard/
Pennsylvania (H5N2) strains.

This work was supported by Foundation by the Russian Foundation Research Ne 18-03-
00271 A.
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Synthesis of the complex of Ag(l) with cefuroxime

Demina A.V., Novikova G.V.
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660041, Russia, Krasnoyarsk, Svobodny prospect, 79

A cefuroxime is the Il generation of cephalosporin antibiotics. In vitro it has a significant
antibacterial effect against gram positive and gram negative microorganisms.

Silver compounds have a bactericidal, antifungal and antiseptic effect. They are highly
effective disinfectants against pathogens that cause acute infections.The combined pres-
ence of a silver ion and an antibiotic in the compound can lead to a synergistic effect against
different bacteria.

The compound was synthesized in the molar ratio of metal (AgNO,) to ligand (antibiotic)

1:1 in water medium, pH=3. A beige precipitate was formed in 1 hour. The compound was
analyzed by elemental (C, H, N, S) and thermal analysis, X-ray diffraction and FT-IR spec-
troscopy (LUKMNHKUIC®Y). The compound had the chemical composition of [Ag,Cefur,]¢H.O.
The complex was obtained in a crystalline form. Cell parameters were determined for the
[Ag,Cefur,]eH,0 is: a=9,408 A, b=12,816 A, c=7,614 A, a=90,000°, B=104,149°, y=90,000°,
space group symbol: P 1 2/m 1 (centrosymmetric), space group number: 4 . The thermal
behavior of the complex was determined in the temperature range of 273 — 773K under
inert atmosphere. The thermal analysis of the compound [Ag,Cefur_]*H,0 showed one mol-
ecule of crystallization water. Thermal decomposition of complex [Ag,Cefur,]eH,O evolved
by emission of COS, CH,OH, NH,, HNCO.

To establish the type of coordination of cefuroxime to metal ions, the FT-IR spectra of
sodium cefuroxime and [Ag,Cefur,]*H,0 were analyzed. The FT-IR analysis of structures
showed that the formation of the bond of one cefuroxime ion with one Ag () ion involved
the oxygen atoms of lactam, carboxyl, and amide groups. A bridge between the silver atoms
was assumed.
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Hydration of the lipid film under normal and low-pressure in
the technology of liposomal preparations

Dmitrieva M.V.}, Timofeeva T.A., Lugen B.2, Orlova O.L.%,
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The first stage in the technological process of obtaining liposomal preparation is the
formation of a lipid film and its hydration to form a dispersion of multilamellar vesicles.
Under normal conditions, at the stage of hydration of the film, the formation of foam is
observed, which partially complicates the process of extrusion of liposomal dispersion. To
suppress foaming, the possibility of film hydration under reduced pressure (under vacuum)
is considered.

The aim of the study was to compare the quality of dispersion of “empty” liposomes
and liposomes loaded with a drug obtained by hydration of the lipid film under normal and
low-pressure. Liposomes were obtained from egg lecithin and cholesterol with the addition
of pegylated phospholipid.

As a result of the analysis of the quality of liposomal dispersions obtained without and
using the vacuum (150-200 mbar) during hydration of the film with water for injection, it
was found that the reduced pressure can generally have a positive effect on the formation of
liposomes. Formed in a low pressure environment of a dispersion of homogeneous appear-
ance, no foam, the size of “empty” liposomes were 209+10 nm, liposomes with burglaries
- 194410 nm, with LHS-1269 - 523+23 nm. Without vacuum - 211414, 212+13 and 379420
nm, respectively. In addition, with the use of vacuum, an increase in the values of {-potential
was noted: from -17.4 to -19.4 mV for liposomes with borchlorine and from -23.0 to 24.9
mV - with LHS-1269. The Z-the potential of “empty” liposomes practically did not change
and was at the level of -32.0 mV.

Thus it is shown that the hydration of the lipid film under reduced pressure contributes
to the production of dispersions with higher quality indicators compared to the same stage
carried out under normal conditions.
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New derivatives of hydroxycinnamic acid
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Derivatives of cinnamic acid are of great interest due to the wide range of biological
activity, which is shown by representatives of this class of compounds. Terphenophenols
with bornyl and isobornyl fragments with different pharmacological properties can serve as
the structural basis for the synthesis of cinnamon acid derivatives. We have synthesized new
para-hydroxy-cinnamic acid derivatives (7-11 and 13) with terpenic isobornyl substituents
in the aromatic ring and evaluated their antiradical, antioxidant and membrane-protective
activities on various in vitro models.

OH CH,(COOH), OH
RE R? R! R?
Py, CH,(CH,CH,),NH NoHpH,0
PhH, 80°C "E(OH, 78°C
COOH COOH
1-6 7-12

E{é ,R? 5& (1,7,13); R = Z%fé ,R? ;& 2.8);
it H i1 H
R!= %ﬁ ,R?2=Bu'(3,9); R! %2 ,RZ=Me (4,10); R! = Z%;/‘g ,R2=H (5,11),
H I I

R!'=RZ=Bu'(6, 12)

Compounds 1, 7 and 13 — meso-stereoisomers, 2-5, 811 — racemates (the diagram shows the
structures of one of the enantiomers)

It is shown that all compounds have low toxicity, membrane-protective properties and
high antiradical activity. Judging by the totality of indicators, the largest antioxidant and

membrane-protective activity have acid 7 and 8 that contains two isobornyl fragments.

The study was funded by RFBR according to the research project No 18-03-00950.
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Biological Activity of 2-(2-Amino-6-methylpyrimidin-4-yl)-4-
arylmethylidene- 5-methyl-2,4-dihydro-3-H-pyrazol-3-ones:
Virtual Screening vs in vitro Evaluation

Erkin A., Yurieva A., and Krutikov V.

Department of Chemistry and Technology of Synthetic Biological Active Substances,
Saint Petersburg State Institute of Technology (Technical University),
190013, Russia, Saint Petersburg, Moskovsky ave, 26

For a series of the title compounds described by general formula 1a-f, antitubercular
activity was predicted via Way2Drug predictive services. As for the calculated ratio of the
values of P_ (probability to be active) and P, (probability to be inactive), it was in the range
of 2.7+19.8.

Arylidenepyrazolones 1a-f were obtained by Knoevenagel condensation from the
corresponding 2-(pyrimidin-4-yl)-2H-pyrazol-3-ol 2. Noteworthy that, of the aldehydes
used, only those bearing an auxochromic substituent at para-position gave the target
compounds upon reaction with hydroxypyrazole 2. A number of spectroscopic parameters
of arylidenepyrazolones 1a-f, in particular *H, **C NMR and IR spectra, were in full agreement
with their structures.

Me Me
N= N= o
NH Ny, 1\’1? 3-R;-4-R,C¢H;CHO NH, W By, oMy ™=
le/ = OH  AcOH, 80°C, 1 h, 24-61% N .~ o QR‘
Me Me o 3

R, =H,R,=Me,N (a): R, =H, R, =Et,N (b); R, = H, R, = MeO (c);
R, = MeO, R, = HO (d); R, = EtO, R, = HO (¢): R, = MeO, R, = MeO (f)

As the in vitro biological assay evidenced, the target compounds possessed various types
of activity. Besides Mycobacterium tuberculosis H37R, (MT), they also readily inhibited
growth of bacteria (Staphylococcus aureus ATCC 29213, SA) and fungi (Candida albicans
15, CA). The values of MIC , (mmol-L?) for each of arylidenepyrazolones 1a-f were the
following: 0.074 (1a, CA); 0.069 (1b, MT), 0.069 (1b, SA); 0.155 (1c, CA); 0.074 (1d, MT),
0.074 (1d, CA); 0.142 (1e, SA), 0.074 (1e, CA); 0.142 (1f, MT).

Thus, in vitro biological activity of the title compounds turned out to be more diverse as
compared to that in silico predicted. As a result, some of them were selected for advanced
study.
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The development of the HPLC-MS/MS method for the simultaneous
guantitation of several antitumor peptide-based therapeutics.
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Objective: The development of the HPLC-MS/MS method for simultaneous quantitation
of goserelin, buserelin, and octreotide in blood plasma.

Materials & methods: The research was carried out using blood plasma samples
containing goserelin acetate, buserelin acetate, octreotide acetate and dalargin acetate
(internal standard). The HPLC-MS/MS analysis was performed with the Nexera LC system
(Shimadzu, Japan) coupled with triple quadrupole mass spectrometer LCMS-8040 (Shimadzu,
Japan). Chromatographic separation was achieved using Jupiter® C18 column (5 um, 4.6 x
50 mm, 300A). The mobile phase consisted of 0,1% aqueous solution of formic acid (v/v) as
solvent A and 0.1% formic acid (v/v) in acetonitrile as solvent B. Flow rate was 1,2 mL/min
and gradient elution was used for better separation. The MS/MS detection was performed
using positive electrospray ionization (5000V) in multiple reaction monitoring (MRM) mode.
The samples were prepared using a simple method of protein precipitation with methanol
ina 2:1 (v/v) ratio with plasma.

Results and discussion: The developed method was successfully validated according
to the Guideline on the examination of drugs, as well as FDA (U.S. Food and Drug
Administration) and EMA (European Medicines Agency) guidelines. This method showed
a linear quantification range of 1 - 20 ng/mL (for buserelin and octreotide) and 2 - 20 ng/
mL (for goserelin). The correlation coefficients (r) were above 0,99: 0,99774, 0,99821
and 0,99632 for goserelin, buserelin, and octreotide, respectively. The obtained values of
relative standard deviation (RSD, %) and relative error (E, %) were within the acceptable
limits according to the guidelines requirements (< 20% at the LLOQ level, and < 15% at all
other levels).

Conclusions: The developed HPLC-MS/MS method for simultaneous quantitation of
goserelin, buserelin and octreotide in blood plasma is applicable to the pharmacokinetic
studies. For instance, this method can be used during preclinical studies, where the lower
analyte concentration is about 1-5 ng/mL.
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Modification of anthracyclines by sesquiterpene lactones
as a way of cardiotoxicity reducing
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One of the most important areas of anticancer chemotherapy is the use of various
antitumor antibiotics. Anthracyclines can be identified in a special group of such substances.
Anthracyclines have high antimitotic activity and are widely used in medical practice. The
main disadvantage of such drugs is irreversible cumulative dose-dependent cardiotoxicity,
which is caused by free radical damage of the myocardium cell membranes. To reduce
toxicity to body healthy cells anthracycline antitumor antibiotics were modified by natural
pharmacophores — sesquiterpene lactones. Conjugates with epoxy-isoalantolactone were
selected from a modified doxo - and daunorubicin analogues series as the most effective
compounds.

It has been shown that anthracycline lactone conjugates exhibit higher cytotoxic activity
in relation to different tumor cell lines and reduced toxicity with respect to pseudonormal
HEK293 cells compared to the parent antibiotics. The isolated mitochondria functioning, as
the main link of the cell death cascade launch and the effect of compounds on glycolysis,
as on the main pathway of metabolism in tumor cells, were studied to determine the
cytotoxic action mechanism. The substance-leader is the daunorubicin conjugate with
epoxy-isoalantolactone, which has depolarizing effect on the mitochondrial membrane
and stimulates the process of Ca?*induced opening of mitochondrial pores, what can lead
to the launch of the caspase-dependent pathway of apoptosis. Moreover, this substance
effectively inhibits the process of glycolysis in A549 lung carcinoma cell line.

By comparison cardiotoxicity of daunorubicin and its conjugate with epoxy-
isoalantolactone in analysis of morphological condition changes in the rats left ventricle,
which once were injected the test substance, it was shown that the conjugate in comparison
with the anthracycline causes less pronounced damaging effect on cardiomyocytes and
on the vascular component of the myocardium stroma. Thus, the daunorubicin conjugate
with epoxy-isoalantolactone has a higher cytotoxic effect on tumor cells and has a lower
cardiotoxic effect in comparison with parent antibiotic.



344 MedChem Russia 2019

Spectrophotometric study of interaction of aminonitroxyl platinum(1V)
complexes with DNA
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The antitumor effect of platinum-based drugs is associated with the formation of
adducts with DNA that prevent cell proliferation. In this regard, it is important to investigate
the interaction of platinum-based complexes with DNA and the kinetics of this process. The
goal of the work is a spectrophotometric study of the interaction of platinum complexes
with DNA.

Cisplatin, JM216 and aminonitroxyl platinum(lV) complexes (ANPC) with the general
structure of Pt(IV)(NH,)(ReNH_)CLX,, where ReNH, is the nitroxyl radical and X are axial
ligands, were used in the work. The process of interaction of platinum complexes with DNA
was studied using plasmid DNA pGL3-Basic Vector (Promega, USA).

It was found that solutions of ANPC have characteristic absorption peak at 230 nm,
which probably corresponds to the nitroxyl radical. After incubation of complexes with DNA
several characteristic changes in the absorption spectra are observed: a slight bathochromic
shift of the main absorption peak of the ANPC (230 nm) and the hypochromic effect that
develops over time in the 230-280 nm range. The JM216 complex is characterized by
a hypochromic effect in the region of 220-270 nm. Changes in the spectral properties of
cisplatin and DNA develop faster compared to investigated platinum(lV) complexes. For
solution of cisplatin with DNA were also observed hyperchromic effect in the region of 230
nm and a bathochromic effect in the region of 260 nm.

The results show that the incubation of platinum complexes with DNA leads to a change
in the absorption spectra, which reflects the formation of platinum-DNA complexes. For
cisplatin, there is a faster dynamics of these changes, which reflects its higher reactivity.
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Expanded in vivo studying of antineoplastic properties
of amino-acid derivatives of the indolocarbazol

Golubeva I.S., Goryunova O.V.

N. N. Blokhin Russian Cancer Research Center, Ministry of Health of Russia;
24, Kashirskoe shosse, Moscow, 115478, Russia

Introduction. Introduction to the molecule of the active metabolites (amino acids)
affects the physico-chemical and Pro-properties of derivatives of indolocarbazoles. On
computers using the predicted probability antitumor activity of these compounds, with low
probability of their cytotoxic activity in vitro [1]. Based on these data, conducted a study of
5 compounds in vivo [2].

Objective. Assessment of amino-acid derivates of glycosides of indolocarbazole as
potential antitumor medications.

Materials and methods. Research antitumor activity of amino-acid derivates of
glycosides of indolocarbazol was done using tumorous models of murine - cervical cancer
CC- 5, epidermoid carcinoma Lewis (LLC), breast adenocarcinoma Ca755, melanoma
B16. Sister compounds were injected to mice abdominally five-time, daily with interval
of 24 hours. Supervision on animals were continued till their death. Antitumor effect of
medications was assessed by criteria of tumor growth inhibition, increase in life expectancy
of mice comparing to control animals.

Results. As a result of comparative assessment of antineoplastic activity of five APGIKs
the L-threonine derivative was chosen for further study.

Conclusion. The expanded research in vivo of antineoplastic properties of the selected
L-threonine APGIK- derivative is supposed.
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Study in vivo of LCS 1269 — derivative of indolocarbazols
N-glycosides class
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Introduction. We studied in vivo the compound LCS 1269, derivative of a indolocarbazols
N-glycosides class with cytotoxic and antitumor (a/t) properties [1].

The purpose of the study. Schemes of application and way of LCS 1269 introduction in
an organism.

Materials and methods. The research was carried out in the experimental dosage
form on models of mice solid tumors: cervical cancer CC5. epidermoid carcinoma Lewis
Lung (LLC), adenocarcinoma, mammary gland Ca 755, colorectal adenocarcinoma AKATOL,
B16 melanoma. Compound was injected intraperitoneally (in/p), subcutaneously (s/c),
intravenously (in/v) and inside (per os) to mice in the modes: modes: five times, daily with
24 hinterval (5x24h), the 1-st and 5-th days (2 x 96 h), one-time use (one). Animals were
watched until their death. Score of a/t effect: inhibition of tumor growth (TGI%), increase in
life expectancy (LEI%) of experienced mice relative to the control.

The results. LLC — at in/v injection the best a/t effect with TGl 94-51% up to 20 days
after the end of treatment was in a dose of 60 mg/kg, mode 5x24h. At s/c injection TGl
was=78-58 % up to 20 days, LEI -34 % in a dose of 60 mg/kg, mode 5x24h, in mode 2x96h,
a dose of 100 mg/kg, (TGI%=80-68 up to 20 days). At introduction of per os TGI=69-61f %
till 8 days in a dose of 150 mg/kg, mode 5x24h. Ca 755 — at s/c injection TGI=91-64 % till
20 days, LEI=41% in a dose of 60 mg/kg, mode 5x24h. Cervical cancer CC5 - at in/p injection
TGIl=89-58% up to 25 days, in a dose of 60 mg/kg, mode 5x24h. AKATOL - at in /p injection
TGl = 89-62% till 25days, in a dose of 60 mg/kg, mode 5x24h. B 16- at in/p injection TGl =
86-68% up to 26 days, LEI = 21%, in 5x24h mode, a dose of 60 mg/kg.

Conclusions. LCS 1269 showed a high a/t activity at different ways and modes of injection
on mice cultivated solid tumors; in/v and s/c ways of injection were selected, which can be
used for further preclinical treatment.
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Voltammetric analysis for the evaluation of platelets viability
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The search for additional independent methods for assessing cell viability is a relevant
task due to the development of applied biotechnologies. The instrumental assessment
of platelets quality is in demand in blood service [1]. In our previous work we found the
correlation between the presence of granules in platelets and shift of the redox potential in
blood plasma after cryodestruction of platelets [2]. Functionally complete platelets contain a
large amount of low molecular weight antioxidants concentration of which can be estimated
via cyclic voltammetry method (CV) [3].

Voltammetric analysis in platelet concentrate (PC) before and after the cryodestruction
was carried out on platinum electrode in the potential range from -0.6 V to +1.1 V (sat. Ag/
AgCl). The morphofunctional state of platelets was analyzed by the method reported in [1].

It was found that the height of electrooxidation peaks on polarization curves change
depending on the content of granule-rich platelets in PC, indicating an increase in plasma
content of substances capable of oxidizing (Fig. 1).
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Fig.1. CVs in PC with content of granule-rich platelets 3% (a) and 36% (b): 1- background solution
(0.15M NacCl), 2 — PC before freezing, 3 — PC after freezing.

Voltammetric analysis provides additional information on the morphofunctional state of
platelets and, in combination with other analyzes, can serve to assess the quality of blood
cells.
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Cytotoxic activity of Sn (IV) complexes with fragments of polycyclic acids
Gracheva Yu.A., Berseneva D.A., Shpakovsky D.B., Milaeva E.R.

Lomonosov Moscow State University,
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The interest in organotin compounds in the last decade is associated with their high
biological activity. It is known that organotin derivatives of bile exhibit cytotoxic activity
[1-2]. A series of Sn (IV) carboxylates with fragments of bile acids of the general formula
R,SnOOCL (where R = Me, Ph; LCOOH is cholic (L), deoxycholic (L?), lithocholic acid (L°)
were synthesized. The cytotoxic activity of the compounds was studied in MTT-test and IC_,
values in MCF-7, A549, SW480 cancer cell lines and WI38 (fibroblasts from lung tissue) were
determined. It was shown that high cytotoxicity is characteristic of all studied Sn complexes,
however, the triphenyltin derivatives at the MCF7 and SW480 cell lines were the most active
one in the MTT-test (IC_ = 0.18-0.25 uM). The analysis of apoptosis with annexin V protein

and cell cycle were performed using flow cytometry (Fig. 1).
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Fig. 1. Cell cycle analysis in MCF7 breast cancer after treatment with Ph_SnL? by flow cytometry. Cell
were treated with 0.5 uM of compound for 24 h. (a - control, b - Ph_SnL?).

It was demonstrated that blockade of the cell cycle occurs in the presence of Ph,.SnOOCL
in the G2/M phase (DNA replication / mitosis).
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Isolation and determination of the cytotoxic activity of macrocyclic
tannins and their derivatives

Gusev D.V., Sasov S.A., Hochenkov D.A., Totoeva N.N., Bedrina E.N.,
Alieva T.A., Tolkachev V.N.

N. N. Blokhin Russian Cancer Research Center, Ministry of Health of Russia;
24, Kashirskoe shosse, Moscow, 115478, Russia

Chamenerin-I (Oenothein B), isolated from plant raw materials of fireweed of narrow-
leaved Chamaenerion angustifolium (L.) is a dimeric macrocyclic tannin, among similar
oligomers, trimeric and tetramer tannins, it is most active [1]. Chamenerin-I and related
oligomeric ellagitannins exhibit various physiological activities in vitro or in vivo. We
identified and described the properties of dimeric and trimeric ellagitannins isolated
from shoots and inflorescences of Chamaenerion angustifolium. In in vitro studies,
macrocyclic trimeric ellagitannins “2” (compound of a new type containing an oxide cycle)
and Il (Oenothein A), as well as a monosodium derivative of dimeric macrocyclic tannin -
Chamenerin-l showed cytotoxic activity against kidney cancer SN-12, A498, breast cancer
SK-BR-3, A549 adenocarcinoma, and hepatocellular carcinoma (Hep-2G).At the same time,
the studied ellagitannins exhibit a greater cytotoxic effect on tumor cell lines than on normal
human fibroblasts. The cytotoxicity mechanism of ellagitannins was studied using A549 cell
lines and is associated with induction of apoptosis. ellagitannins caused a decrease in the
migration activity of A549 tumor cells when examined by the method of wound healing and
reduction of the formation of spheroids after 48 hours of cultivation with ellagitannins.
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Novel [1,4]-benzodiazepine derivatives as potential anticancer agents
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Recently the interest in [1,4]-benzodiazepine derivatives as components of potential an-
ticancer drugs has increased significantly. This is due largely to the ability to form the anti-
body- drug conjugates for the targeted drug delivery [1].

A number of derivatives of [1,4]-benzodiazepines with a positive computer forecast was
synthesised by the four-component Ugi reaction. All compounds contain reactive functional
groups which are suitable for further chemical modification in order to obtain the original
biologically active compounds. Structures of all obtained compounds have been confirmed

by the spectral analysis.
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A quantitative forecast of the profiles of antitarget interaction of chemical compounds
was carried out using the GUSAR software (http://www.way2drug.com/gusar/antitargets.
html). In this work materials collected by PhD Apryshko G.N. were also used. In the preclini-
cal study of the compounds, the MTT-test on 9 lines of tumor cells and transplanted tumors
of mice from the bank of tumor strains of N. N. Blokhin Russian Cancer Research Center
of Ministry of Health of Russia (P-388 lymphocytic leukemia and epidermoid lung carcino-
ma Lewis LLC) were used. The obtained results demonstrate the activity of the synthesized
[1,4]-benzodiazepines with the prospect for further research.
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Comparative analysis of the energy spectra of the interaction of RAGE
inhibitors with target proteins of the RAGE-NF-KB signaling pathway
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The impairments caused by advanced glycation end products (AGEs) are largely related
to the interaction of AGEs and its receptors (RAGE) that mediate many signaling transduction
pathways and pro-inflammatory responses, oxidative stress, and uncontrolled cell growth.
AGE/RAGE interaction stimulates the activation of a diverse array of signaling cascades,
including a number of protein kinases.

The purpose of this work was a comparative multidimensional statistical analysis of the
energy spectra of the interaction with key bio-targets of RAGE-NF-kB signaling pathways
AGE-receptors inhibitors with the different levels of activity. The nine most significant
target proteins were selected by analyzing the neural network model of the RAGE—NF-kB
signaling pathway. 3D models of six proteins ERK2 (PDB ID: 5BVD), APK14 (PDB ID:3ZS5),
JNK1 (PDB ID: 3VUG), JNK3 (PDB ID: 200U), PRKCA (PDB ID: 31W4), PRKCQ (PDB ID: 2JED),
and NF-kB (PDB ID: 1SVC) were obtained from the database of experimental models PDBe;
the 3D-models of the two proteins PRKCG (ModBase ID: f3056d7c42cd5e33cdb6b4d19b
34bd11) and PRKCD (ModBase ID: dc73c609e930eb6bf24d49d7f3dba2f) were taken from
the database of theoretical models ModBase. All 3D-models were subjected to molecular
dynamics (MD) in the GROMACS 5.0.7 program to equilibrium. The structures of RAGE
inhibitors with the graded activity levels were taken from the patented database, and
their conformations were optimized using by the MarvinSketch 17.1.23 and MOPAC2016
programs. Docking of RAGE inhibitors with different levels of activity in eight kinases and in
NF-kB was performed in the AutoDock Vina 1.1.2 program. MD of ligand-protein complexes
were made using GROMACS 5.0.7 program. The energy spectra were calculated using the
MMPBSA 1.6 program. A comparative multidimensional statistical analysis of the energy
characteristics of the trajectories of MD of RAGE inhibitors with different levels of activity
was performed in the Statistica 8.0 program. For RAGE inhibitors with different levels of
activity, a statistically high significant difference in the energy spectra of their binding with
nine key bio-targets of the RAGE—-NF-kB signaling pathway was shown.

The work was funded by the Russian Foundation For Basic Research, 18-015-00499 project.
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Spectrophotometry for quantitative determination of LHS-1269
in the dosage form for injections

Ignateva E.V., Yartseva L.V., Shprakh Z.S.
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Health of the Russian Federation, Moscow, Kashirskoe sh., 24

LHS-1269 is an indolocarbazole derivative and a protein kinase C inhibitor, which has
a marked antitumor function. A new dosage form of LHS-1269 for injections has been
designed at N.N. Blokhin NMRCO. The aim of the study was to develop a methodology for
guantitative evaluation of the active substance in the dosage form.

LHS-1269 is practically insoluble in water, but soluble in dimethylformamide (DMFA)
and dimethyl sulfoxide (DMSO). Special studies have determined that LHS-1269 solutions
in DMFA present specific electronic absorption spectra within the band range of 200 to 500
nm; the maximum intensive absorption value at the wavelength of 319+2 nm was chosen
as the analytical one. The results demonstrated the linear absorption curve of LHS-1269
solutions in DMFA at the selected wavelength in the concentration range from 0.003 mg/
ml to 0.010 mg/ml. LHS-1269 concentration of 0.005 mg/ml was chosen as the working
concentration. The LHS-1269 dosage form is a solution for injections and includes a number
of excipients. The findings demonstrated that the excipients had no effect on the spectral
characteristics of the studied substance and the absorption of the excipient solution at the
working concentration was insignificant. The methodology assumes using the standard
sample of specially purified and characterized LHS-1269. This methodology has good
reproducibility, sufficient accuracy and a high performance rate. The determination relative
error does not exceed 2.0 %.

The developed methodology may be used for quantitative determination of LHS-1269 in
the dosage form and for monitoring of the technological process of the drug manufacturing.

References
[1] M.P. Kiseleva, Z.S. Shprakh, L.M.Borisova et al., Russian Journal of Biotherapy. 2015, V. 14(2), P.
71-77



Correspondent presentations 353

Synthesis of biologically active isobenzofurans starting from 3-carene
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It is known that chiral hexahydroisobenzofurans formed by the interaction of (+)-2-ca-
rene 1 with aldehydes in the presence of montmorillonite K-10 [1] can exhibit high neuro-
protective activity in Parkinson’s disease model in vivo [2]. At the same time, (+)-2-carene is
too expensive for practical use. It has been found recently that 2-carene is one of the major
products of clay catalyzed isomerization of 3-carene 2 which is among main components
of turpentine [3]. In this work, we developed the methods for hexahydroisobenzofurans
starting synthesis from a mixture of monoterpenoids with a high content of (+)-2-carene 1
obtained by isomerization of available (+)-3-carene 2.

When studying the reactions of a 2-caren-containing mixture with thiophene- and fu-
ran-2-carboxaldehydes and their derivatives in the presence of montmorillonite K-10, chiral
isobenzofurans 3 were obtained with the yields 73% - 86%. In addition, products with oxab-
icyclo-[3.3.1]nonane framework 4 were formed in these reactions.
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Among the synthesized compounds effective inhibitors of the TDP1 enzyme (IC, <1
mkM) were found, which may be promising for use in complex therapy of cancer diseases.

The research was financially supported by BRFFR (grant Ch19RM-002) and RFBR (grant 19-
53-04005 Bel_mol_a).
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Synthesis of novel derivatives of thiazolidine-2,4-dione and
1-thia-4,8-diazaspiro[4.5]decane-3-one
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630090, Russia, Novosibirsk, 9 Lavrentiev Avenue

Nowadays, heterocyclic compounds based on 1,3-thiazolidine are considered as agents
of great interest in medicinal chemistry due to their many-sided pharmacological activity
[1]. Earlier, a series of thiazolidine-4-one derivatives (compounds 1), which have shown
to possess significant anti-ulcerative activity on indomethacin-induced model, has been
synthesized in the laboratory of physiological active compounds of NIOCh SB RAS [2].

In order to expand a number of novel heterocyclic compounds with anti-ulcerative
activity, we have synthesized several novel thiazolidine-2,4-dione derivatives containing
various substituents in 3 and 5 positions (compounds 2 and 3), as well as 1-thia-4,8-
diazaspiro[4.5]decane-3-one with different substituents in 4 and 8 positions (compounds
4 and 5).
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Screening of anti-ulcerogenic activity in vivo on indomethacin-induced gastric ulcer in
rats has demonstrated that some novel compounds at a dose of 100 mg/kg possess anti-
ulcerative activity similar to the activity of drug omeprazole at the same dose.
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Comparison of two clones of 8F1
and FL297 ERCC1-specific monoclonal antibodies
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Excision repair enzyme ERCC1 is responsible for the DNA reparation in cells damaged
by platinum agents, which are commonly used for treatment of different cancers. The data
concerning the expression of ERCC1 protein in tumors and its prognostic significance remain
controversial. This may be due to a variety of existing monoclonal antibodies to ERCC1 and
their different specificity. It was shown that the most commonly used antibody clone 8F1
detects, in addition to ERCC1, another antigen — choline-phosphate cytidylyltransferase al-
pha. Thus, there is no strict specificity of this clone 8F1 to ERCC1. The clone FL297 can be
considered as the most specific in relation to ERCC1 [1]. In this study, we compared the
ERCC1 expression parameters obtained by using 8F1 and FL297 in the same tumor samples.

Quantitative evaluation of immunofluorescence parameters was performed by flow cy-
tometry on ovarian cancer biopsy specimens (n=53). Tissue specimens were dispersed to a
single-cell suspension, fixed and stained by indirect immunofluorescence.

Positive expression was found in all the studied tumor samples. ERCC1 expression differed
significantly between patients (from 24 to 87% of positive cells per patient). Differences
between ERCC1 expression measured by different assays (8F1 vs. FL297) was not statistically
significant (p = 0,06; Shapiro—Wilk test).

Agreement between two different assays was estimated by correlation analyses and
Bland-Altman plots. The data obtained using these antibodies are in good agreement with
each other regardless of the concentration of the antibodies within the range studied, as
well as the magnitude of the parameter measured. Thus, the insufficient specificity of the
8F1 monoclonal antibodies against ERCC1 cannot be the reason for the inconsistency of the
data on the prognostic significance of the marker.
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Specifities of the cytotoxic action of Au complexes on colon cancer cells
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The biological impact of gold complexes AuPPh.Cl (1), PPh_AuSR (2) with a protective
antioxidant group (R=3,5-di-tert-butyl-4-hydroxyphenyl) and RSH on reactive oxygen species
(ROS) intensity in human colon carcinoma (HCT-116) was investigated. Intracellular ROS
were detected with DCFH-DA. Mitochondrial superoxide radical-anion (O, ) was detected
with MitoSOX red. Quantitative fluorescence microscopy was performed in a wide-field
fluorescence microscope Axioplan 2 imaging MOT equipped with digital camera and a
mercury lamp. Obtained images were processed with AxioVision software .

1 2 3
Fig. 1. Morphological changes in MCF-7 cells treated with a) (1) for 1h and b) (2) for 1h. Then, cells
were stained with DCFH-DA/MitoSOX monitored with a fluorescence microscope: (1) green chanell, (2)
red chanell, (3) green+red channels.

The AuPPh.Cl (1) complex is cytotoxic and initiates a diffuse increase in the level of ROS in
the cells. MitoSOX revealed accumulation of O, in mitochondria. It was shown that “green”
and “red” mitochondria are colocalized. The PPh,AuSR (2) complex with antioxidant R group
is weakly cytotoxic. However, ROS significantly accumulate in intracellular structures, and not
diffusely in the cytosol. The accumulation of O, in the mitochondria is practically not observed.
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Cytotoxic effect of synthetic purpurin derivatives
on chronic human myelogenous leukemia cells (K562)
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The search for new effective anticancer drugs that do not have side effects is considered
highly relevant [1]. Purpurin (1,2,4-trihydroxyanthraquinone) is well known compound with
antibacterial, antioxidant, antifungal and antitumor activity [2, 3]. Recently, purpurin was
shown to suppress the proliferation of T49D breast cancer cells [4] and melanoma cells
(A2058) [5]. The aim of the study was to evaluate the cytotoxic effect of synthetic fluorine-
containing derivatives of purpurin on human chronic myelogenous leukemia cells (K562),
which was analyzed in MTT test.

Purpurine or its fluorine-containing synthetic derivatives (P5, P6, P7, P8), dissolved
in DMSO, in concentrations of 25, 50, 100 and 150 uM were added to cultures of K562
cells and cells were incubated for 48 hours [3]. During the study, we found that synthetic
analogues of purpurin P5 and P8 exhibit cytotoxicity against K562 cells at concentrations of
50, 100 and 150 uM, while P6 and P7 significantly reduced the proportion of viable K562
cells only at concentrations of 100 and 150 uM, compared with the control cultures. At the
same time, P5 and P8 at a concentration of 150 uM reduced the proportion of viable K562
cells to a greater extent as compared with similar cultures incubated in the presence of
purpurin, while adding equimolar amounts of preparations P6 and P7 did not differ from the
effect of the parent compound.

Thus, the synthesized derivatives of purpurin P5 and P8, used at a concentration of 150
UM, have the higher cytotoxic activity against K562 cells, comparing to purpurin, which
indicates the prospects for further study of these compounds for targeted anti-cancer
therapy.
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Catalitic system (teraphtal+ascorbic acid) is an inducer
of heme oxygenase /ferritin system in leukemic cells
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It is known that the mechanism of cytotoxic action of antitumor agent — catalytic system
(teraftal+ ascorbic acid) (TF+AC), associated with the generation of ROS in the cell and the
induction of oxidative stress (OS) [1]. To protect against OS, hemoxygenase-1 / ferritin (HO-1
/ Ft) system is present in the cells.

Purpose: Investigate the significance of the HO-1/Ft system in the protection of leukemic
cells from (TF+AC) toxicity

Materials and methods. Human leukemic cell lines U937 is used in this study. The basal
and drug-induced expression of HO-1/Ft at the level of mRNA and protein was studied
by methods real-time PCR and Western blot; the concentration of ROS in the cells was
evaluated using flow cytometry; cytotoxicity of drugs —the MTT method.

Results. According to our data the monocytes-like cell line U937 have constitutively
active HO-1, and it is established that the (TF+AC) causes up-regulation of genes HO-1/Ft,
the expression of which is increased in the mean by 4 and 1.5 fold respectively, compared
to basal level. Preincubation U937 cells with iron chelator leads to an increase in their
resistance to (TF+AC) by 2 fold, and in the presence of iron-containing analogue of TF the
drug cytotoxicity increases by 2 fold.

Summary. The catalytic system (TF + AC) is an inducer of the co-expression of HO-1/
Ft genes along the ROS-dependent pathway in cells with a constitutively active NO-1/Ft
system. In the mechanism of action (TF + AC), the intracellular pool of labile “non-hemic”
iron is involved, and cell sensitivity to the drug depends on its content. Our findings suggest
that ROS-dependent activation of the HO-1/Ft system of drugs may affect the effectiveness
of chemotherapy for patients with leukemia.
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Cancer drug delivery system
Khrabrova A.V., Tyanutova M.I., Zolotukhina T.K., and Morozkina S.N.
Faculty FBE, 191002, ITMO University, Russia, Saint Petersburg, Lomonosova St, 9

Cancer (malignant neoplasm) is a group of diseases, each of which is capable of infecting
any organs in the human body due to the pathological formation and proliferation of abnor-
mal cells. The process of spreading such tissues to organs is called metastasis [1]. Many cur-
rent anticancer drugs have less than ideal pharmaceutical and pharmacological properties
[2]. From the aspect of pharmacokinetics, in particular drug distribution, these may cause
low bioavailability of the anticancer drug at the site of action as well as high organ toxicity
limiting the maximum tolerated dose. In recent years, drug delivery systems (DDS) have
been developed, among with anticancer agents for those systems based on the concept of
achieving a better clinical response and tolerability [2].

Low targeting efficiency limits the applications of nanoparticles in cancer therapy. The
fact that mesenchymal stem cells (MSC) trapped in the lung after systemic infusion is a
disadvantage for cell therapy purposes. It was demonstrated that MSC is used as lung can-
cer-targeted drug delivery vehicles by loading nanoparticles (NP) with anti-cancer drug.
MSC showed a higher drug intake capacity than fibroblasts [3].

Calcium carbonate (CaCO,) has broad biomedical utilizationsowing to its availability, low
cost, and safety. Recently, there has been widespread interest in their application as drug
delivery systems for different groups of drugs. Among them, CaCO, nanoparticles have ex-
hibited promising potential as drug carriers targeting cancer tissues and cells [4].

Liposomes and protein-based drug delivery systems (DDS) are archetypal nanoscale
DDS. Currently, numerous traditional anticancer drugs are encapsulated in liposomes and
many of them have been approved for clinical use or are undergoing clinical trials. In addi-
tion, nanoparticle albumin-bound (nab)-paclitaxel has recently been approved for the treat-
ment of metastatic breast cancer [2].
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«Chemical structure-antitumor activity» bond correlation
of new indolo[2,3-a]pyrrolo[3,4-c]carbazoles of N-glycosides class

Kiseleva M.P., Borisova L.M., Golubeva I.S., Ektova L.V.

N. N. Blokhin Russian Cancer Research Center, Ministry of Health of Russia;
24, Kashirskoe shosse, Moscow, 115478, Russia

Introduction. The research of «structure —activity» bond opens the best ways for
the creation of new high selectivity and efficiency pharmaceutical products among the
synthesized products of natural analogues or their structure chemical modification. The
structure uniqueness and indolocarbazole N-glycosides biological properties stimulated the
search and creation of active antitumor agents among their synthetic analogues and low-
malecular derivatives.

Objective. The goal of the work is to conduct a comparative study of 8 N-glycosides
domestic derivatives of indolo[2,3-a]pyrrolo[3,4-c]carbazoles (LCS) with various
modifications on aglycone and glycoside residue during the «structure-activity» bond
analysis.

Materials and methods. The research of the structure dependence of 8 indocarbasoles
(LCS), synthesized in N.N. Blokhin Russian Cancer Research Center, and their antitumor
activity was performed on transplantable mouse tumor models: lympoblastosis P388,
lung Lewis epidermoid carcinoma (LLC) and B16 melanoma. The substances of conponds
LCS were dissolved in dimethyl sulfoxide (DMSO) and diluted with saline to 10% of DMSO
concentration. The compounds (LCS) were studies in doses of 25, 50 and 75 mg/kg with daily
intraperitoneal administration for 5 days. The criteria for evaluation became the increase of
life span of animals with P388 (ILS>25%) and the inhibition of solid LLC tumors and B16
(TGI>50%) growth.

Results. On P388 all the compounds LCS demonstrated activity on ILS=31-115%. The
aglycone-modified LCS compounds with the same glycosides showed effectiveness on solid
models: xylose (TGI=52-84%) or arabinose (TGI=54-91%). The LCS compounds, similar in
aglycone, but with different glycosides (galactose, xylose, ribose), had no effect on LLC, on
B16 — TGI=70-84%.

Conclusion. A comparative study of 8 N-glycosides derivatives of indolocarbazoles
showed their effectiveness on P388 regardless of the modification changes in the aglycone
structure. As for the LLC and B16 models, the antitumor LCS compounds activity depended
on the structure of both, the aglycone and the glycoside residue. The obtained results can
be proposed for analysis and synthesis of more active LCS compounds as new potential
antitumor agents.
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BIOLOGICAL EFFECTS OF NEW CYANINE DYES
Klichkhanov N.K.%, Astaeva M.D.}, Ramazanova P.A.%, Abakarov G.M.?

1Biological Faculty of Dagestan State University, 367000, Russia, Makhachkala, ul. M.
Hajiyev, 43a.
2Technology faculty of the Dagestan State Technical University. 367010. Russia,
Makhachkala, I. Shamil Ave., 70 a.

Compounds related to cyanine dyes possess intense fluorescence in the visible and near
infrared spectral regions, because of which they have been used in various technologies
[1]. Cyanine dyes, having in their composition various chalcogens, can be of considerable
interest in biological and medical research. We have synthesized 4 new monomethion
cyanine dyes containing tellurium, sulfur and selenium [2]:

CH3 CH
1 5 3
\ C_C N— CH,);B \
(CHp):Br C_C N—CH3
3 C

> (1 Q\HJ@

In this paper, we studied the effects of these substances on the state of antioxidant
protection of erythrocytes and acetylcholinesterase (AChE) activity in synaptosome
membranes from rat brain in vitro. Substances 1 and 2 increase the level of reduced
glutathione in erythrocytes, and substances 3 and 4 significantly increase the concentration
of SH-groups in synaptosome membrane proteins. None of the substances had an effect
on the activity of superoxide dismutase, but they significantly reduced the activity of
erythrocyte catalase. Substances 3 and 4 have a significant inhibitory effect on the AChE
of synaptosome membranes. The resulting substances can be the basis for the synthesis of
more active antioxidants and inhibitors of brain ache used in the treatment of Alzheimer’s
disease.
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Determination of water in pharmaceutical substance (sodium salt of
diethyl ether of 4-oxo-1,4-dihydropyrazolo[5,1-C]-1,2,4-triazine-3,8-
dicarboxylic acid, monohydrate) by Karl Fischer method

Konovalova A.M., Glazyrina Yu.A., Sapozhnikova I.M.

Instute of Chemical Engineering, Ural Federal University
620002, Russia, Ekaterinburg, ul. Mira, d. 19

Quantitative determination of water content (capillary, absorption-bound, chemically
bound and free) is necessary to control the quality of pharmaceutical substances. The exact
concentration of water is needed to calculate the content of the active substance, as well
as to predict such processes as weathering of water of crystallization in crystalline hydrate
or absorption of moisture from the air by hygroscopic substances, hydrolysis, oxidation,
decomposition, and possible appearance of toxic impurities.

There are many methods for determining the water content, including volumetric and
coulometric Karl Fischer titrations, which are described in the pharmacopoeias of several
countries and are used to determine water in the range of 10 pug -100 mg H20.

This paper describes the possibility of determining the water content by Karl Fischer
titration in the pharmaceutical substance - sodium salt of 4-oxo-1,4-dihydropyrazolo [5,1-s]
-1,2,4-triazine-3,8-dicarboxylic diethyl ester acid, monohydrate with anti-glycating activity
[1], using a Karl Fischer 915 KF Ti-Touch volumetric titrator (Metrohm) and an Expert-006
coulometer (Econix-Expert). Also presents the results obtained by the method of drying.

The results are presented in the table.

The method of
drying
Water content of sample, % 5,78 £ 0,07 4,83 £ 0,46 5,90+ 0,90

Volumetric titration Coulometer titration
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Synthesis and photoinduced E-Z isomerization of enones of tetralone,
1,2,5-trimethylpiperidin-4-one and dienones of tropane-3-one.

Kostochka L.M.}, Lesina V.P., Kostochka M.L.
V.V. Zakusov’s Institute of Pharmacology, Baltijskaya St.8, 125315 Russia, Moscow

Enones and dienones derivatives of heterocycles such as substituted piperidine, tropane
and tetralones are of importance because they can be a prolific source of drug candidate
molecules displaying cytotoxic?, antimicrobial? and other biological activities.

Synthesis of enones of tetralone, 1,2,5-trimethylpiperidine-4-one and dienones of
tropane-3-one derivatives has been performed via aldol condensation reaction. All new
products of condensation was observed as E - isomers. Photoisomerization of E - isomers led
to the formation of new series of Z-isomers in methanol solution under UV light A> 250 nm.

hv
MeOH
R=H, OCH;

The study of the reaction photoisomerization of tropane-3-one dienone led to formation
only E/Z isomer.
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Synthesis of novel N-(8-Methyl-8-azabicyclo[3.2.1]octane-3-iliden)
benzohydrozide derivatives demonstrate antimigraine and anxiolytic
types of activities.

Kostochka L.M.%, Ganshina T.S.?, Naplenkova P.L.}, Narkevich V.B.}, Voronina T.A.2,
Kudrin V.S.2, Mirzoyan R.S.2, Kurdymov I.N.}, Gudasheva T.A.?

V.V. Zakusov’s Institute of Pharmacology, Baltijskaya St.8, Moscow, 125315 Russia

Design and synthesis of novel efficient antimigrane derivatives is still important aspect
of modern medicine for treatment migraine onset. It is well known, that important role
in initiating and progressing migraine onset plays serotonine hormone. Mostly well-known
drugs, using in the medical practice are affecting and binding with 5HT1A/1B/1D/1 and
5HT2A/2B/C serotonine sub-types of receptors, that verify of their importance.

Design and synthesis of novel potent antimigraine drugs is interesting field for modern
pharmacology and medicinal chemistry.

During our studies, has been synthesized line of the novel derivatives, considering as
novel potential antagonists of benzohydrozide tropane-3-one derivatives:

R4
Rs cocl HyC “
—b
S —NH, SN-NH— c Rs
Foe a)R;-R,~R;=OMe, R,=H, 6)R,-R;=H,R,~R,~CH; o *HCl
B)R,=R;=H, R,=R,=OMe, rR;=R,=R;=R,=H Ry R,

Pharmacologycal studies of synthesized compounds demonstrate that all of them
exhibit antiserotonine-type of activity. Compound - 2,3,4-trimethoxy-N-(8-Methyl-8-
azabicyclo[3.2.1]octane-3-iliden)benzohydrozide (a) is showing pronounced and stable
antimigraine effect and also possess expressed anxiolytic type of activity that is very
important for antimigraine drugs in mechanism of their action. It should be noted, that
in literature there are only a few acetylated hydrazones tropane-3-one derivatives were
shown. All of them were declared as anti-tuberculosis, stimulating, antidepressants
drugs [1].
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Glycosylated amino acid derivatives of 4-(1-adamantyl)benzoic acid as
potent prodrug nonsteroidal anti-inflammatory drugs

Krasnikova N.V., Krasnikov S.V.

Faculty of Chemical Technology, FGBOU VO “Yaroslavl State Technical University», 150023,
Russia, Yaroslavl, Moscow Prospect, 88, number: (4852) 44-12-39

At the moment the need to use of nonsteroidal anti-inflammatory drugs (NSAIDs)
remains high. Accordingly, there is a need for their modification in order to reduce or
eliminate ultserogennogo [1].

In our scientific work, we proposed an NSAID in a molecule fragment of the
monosaccharide using glycosylation reaction, which will be a prodrug [2].

The objects of the study were the amino acid derivatives of 4- (1-adamantyl) benzoic
acid derivatives having anti-inflammatory activity [3].

Two methods of synthesis of glycosides (4-6), the condensation of the starting compounds
with a a-D-bromide (2) and a-D-chloride (3) was investigated.

H QAc

H OAc

RT H

B Cl R= H@):i-Pr($ ) i-Bu (6) Y 4

A comparative analysis of the results and provides a method, which leads to high yields
of the final products and the most convenient in carrying.
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State of fluorine metabolism in young children in the conditions
of the Ural region

Borodulina T.V., Sannikova N.E.}, Levchuk L.V.}, Krylova L.V.!
1Department of Faculty Pediatrics and Propedeutics of Children’s Diseases
IFederal State Budgetary Institution of Higher Professional Education «Urals State Medical
University» of the Ministry of Healthcare of the Russian Federation
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The effect of nutrition on health is a pressing issue in pediatrics, as the lack of trace
elements has a negative effect on the child. The high incidence of symptoms of lesions of
the musculoskeletal system is the clinical manifestation of fluorine deficiency in the child’s
body. The Ural region is an unfavorable biogeochemical territory for the content of fluoride
in drinking water as the main source of its entry into the human body [1,2].

We evaluated the availability of fluorine in 95 children aged 1 month to 3 years with
a clinical examination and a set of laboratory and instrumental research methods. Static
analysis of research results was performed using computer programs Microsoft Excel XP,
SPSS 12.0, STATISTICA 6.0. The examined children showed signs of deficiency of one of the
main osteogenic minerals - fluorine - in the form of damage to milk teeth (delayed teething,
darkening of tooth enamel and caries) and the presence of signs of osteomalacia. The state
of fluorine availability was estimated by the level of fluorine excretion in the urine (fluoruria)
with reference indices of fluorine in the urine of 0.5-0.7 mg/I [3]. A low level of fluoride was
detected, which averaged 0.33 + 0.01 mg/I. Fluorine deficiency can sustain and aggravate
the processes of bone mineral density decrease, that dictates the need to develop fluorine-
containing drugs.
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In silico preliminary assessment of ligand-receptor interactions for series
of novel estrogen receptor steroidal modulators

Kuznetsov Yu.V.,, Levina I.S., Scherbakov A.M., and Zavarzin IL.V.

N. D. Zelinsky Institute of Organic Chemistry RAS,
Moscow, Russia, 119991, Russia, Moscow, Leninsky Prospect, 47

Recently, we have described the effective syntheses of 3-hydroxyestra-1,3,5(10)-trienes
of natural and epimeric 13a-configuration with 17th-side chain bearing the second hydroxy
group and 16,17-fused three- or six-membered carbocycle (or without it), evaluation of the
relationship of their stereochemical and conformational features of the structures with their
reactivity, study of the anticancer activity of the new compounds (antiproliferative activity,
inhibition of estrogen receptor expression, and estrogen/antiestrogen activity). All target
compounds suppressed the estradiol-induced ER transcriptional activity in MCF-7 cells with
the exception of 16a,17a-cyclopropane derivative of 13-epi-series which proved to be an
ER activator [1,2].

We performed the docking experiments using AutoDock Vina wherein two approaches
were implemented — flexible and rigid docking. The flexible model implied the plasticity
of the ligand-binding pocket (LBP) and showed that all the compounds can fit to LBP ER
well. The rigid model implied a “frozen” protein conformation like in the X-ray structure
of ER-estradiol complex. The latter showed that ER agonistic compound lies like estradiol
(E2) while the antagonists are flipped in comparison with first one. The main difference is
observed in the position of the second OH-group of the agonist which can form hydrogen
bond characteristic of E2 binding.
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Thus, docking studies using AutoDock Vina allowed us to evaluate possible differences
of receptor binding modes causing different transcriptional activity. The combination of
flexible and rigid docking models was found to be appropriate way for the primary assess
of the potential ligand-receptor interactions in the case of previously unknown structures.
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Alternative method for joint determination of amlodipine, rosuvastatin
and lisinopril in medical preparations using spectrophotometry

Kyrova T., Ivantsov E.
Perm State National Research University, 614990, Russia, Perm, Bukireva st., 15

Major pharmaceutical manufacturers produce combined medicines that allow taking
one pill per day for the treatment, instead of three or four, which is very convenient for the
consumer. Along with the pharmaceutical giants, there are generic companies, which are
interested in developing substitutes for these original medical preparations and aim reducing
the total cost of production. In order to achieve this goal, it is necessary to reduce the cost
of analyzing the produced medicines. A spectrophotometric technique was developed as an
alternative to cost HPLC methods.

This research is devoted to the development of method for the joint determination
of amlodipine (AML), rosuvastatin (ROS) and lisinopril (LIS) in a combined drug using
spectrophotometry. The developed technique involves the separation of the drug active
ingredients due to its different solubility in water, 0.1 M HCI solution, alcohol, chloroform
and their determination using selective reagents: bromocresol green (BCG), bromocresol
purple (BCP) and alizarin (ALZ).

The determination of amlodipine is based on the formation of a colored product with
BCP (A =364 nm, pH=7,68, €=5563). The range of the drug detectable concentrations was
0.020-5.3 mg/25 ml. The reaction contrast was 224 nm.

Rosuvastatin was determined using the BCG (A _=432 nm, pH=2,40, €=7943). The
linearity of the calibration curve is observed in the range of 0.050-5.0 mg/25 ml.

The determination of lisinopril was carried out with the help of ALZ (A _ =434 nm, pH=8,7,
€=9067). The Bouguer-Lambert-Ber law is observed in the range of 0.40-30.0 mg/25ml.

Various molar ratios of the components were studied as part of the research: ROS- BCG,
AML-BCP and LIS-ALZ, using methods of isomolar series, saturation, balance shift and Asmus.
The results were confirmed by conductometric titration. The molar ratio of the components
was [1: 2]. However, the result obtained by the Asmus method allows us to speak about the
ratio of the components [1: 1].

The Babko method was used to calculate the stability constants ROS-BCG, AML- BCP, LIS-
ALZ, which were respectively: 6.0-10°, 5.0-10°, 5.4-10°.

The proposed technique has been successfully applied to the analysis of a drug containing
ROS, AML and LIS. The determination error was 1.5-5%.
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Photobiological properties of crown and phosphoryl-containing metal
phthalocyanines. Comparative in vitro analysis.
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Nowadays, the study of well-known photosensitizers (PSs) for photodynamic therapy
and search for new ones are intensively conducted. In the present work, crown- and
phosphoryl-containing metal phthalocyanines (Pcs), Mg[B15C50).Pc] () and Zn[R,Pc] {R
= -OPhP(O)(OH)(OC.H,,)} (1), were investigated as potential PSs and comparative in vitro
analysis of their photobiological characteristics with respect to human adenocarcinoma
cells, Hela, was also carried out. As part of this study, the determination of toxicity and
the intracellular level of the formation of reactive oxygen species (ROS) were performed in
the presence of I and Il. Cells were irradiated after their 24 hour incubation with Pcs. After
rinsing the samples with phosphate buffer, the phototoxicity of both Pcs was determined
using the MTT assay. For I, the light and dark toxicity (IC_, dose) were determined to be 1.83
and more than 25 uM, and for Il, the IC,, values were determined to be 6.44 and more than
100 uM, respectively. Under cell irradiation in the presence of I and Il (A = 670 nm, power of
incident light 8 mW-cm?, room temperature), the ROS formed were determined with DCFH,
as a fluorescence detector. The Pcs concentration values studied are in the range from 0.195
to 25 uM and from 0.195 to 100 uM for compounds I and Il, respectively. Compound | was
significantly more active than Il in photo-induced generation of ROS. Using laser confocal
microscopy, data on the accumulation and localization of | and Il in HelLa cells were obtained.
I was shown to be completely absorbed by Hela cells at the concentration of 5 uM for 24 h.
However, Il accumulated in cells in a smaller amount as compared to I. When accumulated,
both Pcs are localized mainly in the cytoplasm.
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A Free-radical-damaging ability of the selenium-containing humic
substances from the brown coal
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Polymeric highly branched structure and highly functionalized composition of humic
substances (HS) causes their bioactive effects on the body. It is known that some HS are
able to neutralize free radicals formed in the focus of inflammation and which are inducers
of destabilization and destruction of the cell membranes. The paper presents the results
of a study of the using possibility of the nanocomposites from natural sources as materials
with free-radicals damaging activity. With use modern physicochemical methods, we have
described in detail HS from brown coals of Mongolia [1]. The humic substances isolated
from brown coal by alkaline extraction by a procedure reported in [1] look like a black
powder with a total ash content of 21.7%. The degree of oxidation (the oxygen to carbon,
0/C, ratio) was 0.65, which characterizes them as highly oxidized. Synthesis of selenium
nanocomposites was carried out by reduction of selenium dioxide by sodium borohydride in
an aqueous medium in the presence of HS. A comparative study of the antioxidant activity of
isolated HS and their selenium-containing nanocomposites showed that in vitro all samples
inhibit model processes of lipid peroxidation of living cell membranes [2-3]. In addition, a
pronounced damaging effect of HS and selenium nanocomposites based on them in relation
to the free radicals of DPPH and ABTS was found. Moreover, the introduction of the selenium
into the matrix of HS increases the antioxidant activity by 50%. For nanocomposites and
initial HS, a pronounced antioxidant activity was established, comparable to that for succinic
acid and ionol. Such biologically active substances are promising as antioxidant compounds,
specific complexation agents with pharmacoactive elements, and can be used in the
manufacture of drugs of combined action.

This work was supported by Russian Foundation for Basic Research (grant 18-316-20017)
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Synthesis and in vivo study of biological effects of the selenium
on the base of kappa-carrageenan
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Selenium is an essential biogenic element. It is part of the selenoproteins that perform
a complex of vital functions in the organism. In particular, of particular importance is the
function of antioxidant protection of cells against the action of aggressively directed free
radicals, which are constantly synthesized in cells as a result of both natural metabolic
processes and in increased amounts - in the case of cell interaction with pathogenic
agents (viruses, microbes, toxins, inflammatory factors and factors of growth and decay
of tumors). At present, the use of the elemental selenium nanoparticles (Se°’NPs), which,
according to several studies, having a low toxicity along with a high biological activity,
seems to be very promising for the correction of selenium-deficient states. As a result,
the development of available and environmentally friendly methods for the synthesis of
Se’NPs, as well as the study of their effects on the organism, is urgent tasks. Thus, as a
result of an oxidation of the selenide anions (previously generated from elemental bulk
selenium in the hydrazine hydrate-alkali basic reduction system), we synthesized the water-
soluble hybrid nanocomposites consisting of Se?’NPs of 4.6—-11.0 nm in size stabilized by the
biocompatible polysaccharide kappa-carrageenan. It is experimentally found the obtained
nanocomposites have a pronounced hepatoprotective effect in toxic liver damage modeled
by the administration of white rats CCl, This effect was expressed in the reduction and
normalization of the blood biochemical indices (ALT and AST) in the group of selenium
nanocomposite treated after seed CCl, compared with the group in which animals did not
receive this nanocomposite. In addition, during the entire observation period (21 days), in
the groups treated with selenium nanocomposite (on the backdrop of the seed CCl, and
without it), no death of animals was recorded. Whereas in the group exposed to the action
of the CCl, recorded death of 25% of animals. This indicates the non-toxicity of the studied
nanocomposites. The obtained results determine the prospects of further research on
the biological effect of these nanocomposites with the aim of developing biocompatible
hepatoprotective preparations on their basis.

This work was supported by Russian Science Foundation (grant 18-75-00080).
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Possibilities of Non-invasive Diagnostics
of Nutritional Deficiency in Children
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Alimentary-dependent diseases occupy one of the leading places in the morbidity
structure of children of preschool and primary school age [1]. Insufficiency of mineral
substances that regulate metabolic processes, accompanied by a decrease in the adaptive
capacity and leads to the development of a number of diseases [2].

We have evaluated the sufficiency of essential macro- and microelements in 66 children
aged 3 to 11 years of age based on the level of their urine excretion (a method of spectral
analysis with inductively coupled plasma). Static analysis of research results was performed
using computer programs Microsoft Excel XP, STATISTICA 10.0.

High urinary excretion of sodium, detected in 61.1% of children of preschool and 46.9%
of children of primary school age, indicates an increased consumption of foods with a high
salt content. The average value of calcium excretion was reduced during normal excretion of
phosphorus, which influenced the ratio of calcium: phosphorus and reflected the presence
of latent calcium deficiency. Decrease in iron excretion was observed in 23.5% of preschool
and 53.1% of primary school children. The level of excretion of zinc in the urine was almost
two times lower than the reference values. Copper excretion with urine corresponded to
the lower limit of reference values. The revealed changes prove the presence of combined
macro- and microelementosis in children, requiring preventive and therapeutic measures.
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Lyophilization-is one of the effective methods used to stabilize and increase the shelf life
of drugs. This process is influenced by many factors, the most important of which are the
conditions of freezing and drying, the properties of medicinal and auxiliary substances [1]. In
the case of obtaining high-quality lyophilizate liposomes, their sublimation drying is carried
out with the addition of special substances - cryoprotectors that ensure the preservation of
bilayer structures [2].

The aim of this work was to determine the optimal cryoprotectant and its amount,
providing the production of lyophilisate liposomes of a new derivative of indolocarbazole
LHS-1269. The monosaccharide mannose introduced into the dispersion in molar ratios (v/v)
lecithin/cryoprotector 1:8 and 1:10 and the disaccharides sucrose and trehalose introduced
into v/v lecithin/cryoprotector 1:4 and 1:5 were studied as cryoprotectors.

The results of the study showed that in appearance all lyophilizates were a dry porous
mass of light yellow color, during rehydration of which a homogeneous dispersion was
formed, without sediment and signs of stratification. At the same time, in all samples of
dispersions, with the exception of sucrose-containing 1:4, the preservation of the initial size
of liposomes was noted. However, the highest value of Z-potential of liposomal dispersion
had a sample of the Iyophilisate, including in its composition a sucrose 1:5.
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Oxidation of uracils by ozone in aqua solutions
Maksyutova A.A., Zimin Yu.S.
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RNA and DNA play an important role among biological macromolecules. They are keepers
and messengers of genetic information. Pyrimidine bases are one of the building blocks of
mentioned acids. It is considered that oxidative destruction lead to degradation of RNA and
DNA chains. At the present day researches are conducted on the oxidative transformations
of pyrimidine bases (on the example of uracil and its derivatives) under the action of various
oxidative systems. However ozone which has gained wide popularity in cosmetology and
medicine (prevention and treatment of many diseases) is not properly represented among
the used oxidizers.

In the present work the kinetics of oxidation of uracil and its six derivatives (UD) by
ozone was studied by UV spectroscopy with equal initial concentrations of reagents
([ub], = [0,], = C,). Analysis of the kinetic curves of concentration changes C showed that
they are linearized well enough on the equation coordinates of second-order reaction.
Using a bubbling installation it was found that 1 mole of absorbed ozone be accounted 1
mole of consumed UD. In this way reaction obeys the second order kinetic law (the first —on
UD and the first — on ozone).

In this work the temperature dependence of the second-order rate constants was studied
in the range of 285-309 K and the parameters of the Arrhenius equation were calculated
for all uracils. The reactivity of uracils in relation to ozone (285 K) changes in the following
row: 1,3-dimethylthymine > 5-bromo-6-methyluracil > uracil, 6-methyluracil > 5-nitro-6-
methyluracil > 5-hydroxy-1,3,6-trimethyluracil > thymine. It was established that there is a
linear correlation (or effect of compensation) between logarithms of pre-exponential factors
and activation energies of the reaction of ozone with uracils which probably indicates a
single mechanism of the limiting stage of ozonized UD oxidation.

The work was supported by the Russian Science Foundation, project 19-73-20073
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Virtual screening of potential antiherpetic agents
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The purpose of the work was QSAR-modeling of some derivatives of 5-ethyluridine, N2-
guanine and 6-oxopurine with a pronounced inhibitory activity against thymidine kinase
(TK) of the herpes simplex virus of the first and second type of human (HVS-1 and HVS-2)
[1-3]. Studies were conducted using the GUSAR 2013 program on the basis of two training
and two test samples according to the method described in the work [4]. As a result, six
statistically significant stable QSAR consensus models for the prediction of the numerical
values of IC_, for the HVS-1 and HVS-2 TK inhibitors (Table 1). They are applicable for virtual
screening and searching for new connections.

Table 1. The statistical characteristics of consensus models M1-M6.

Training set | Models | N |R2ms | R2ts | F | so. | a2 | v
QSAR model based on QNA-descriptors

TrS1 M1 75 | 0.880 | 0.940 62.116 0.563 0.849 7

TrS2 M4 76 | 0.886 | 0.917 80.793 0.605 0.866 6
QSAR model based on MINA-descriptors

TrS1 M2 75 | 0.887 | 0.921 | 72.470 | 0.546 0.865 7

TrS2 M5 76 | 0.914 | 0.899 78.441 0.529 0.895 8

QSAR model based on MNA- and QNA-descriptors
TrS1 M3 75 ] 0.940 | 0.940 61.463 0.524 0.870 7
TrS2 M6 76 | 0.911 | 0.922 | 67.662 | 0.541 0.888 9

N — number of structures in the TrS; RZTrS - a multiple coefficient of determination
calculated for compounds from the TrS; R’ - a multiple coefficient of determination
calculated for compounds from the TS; Q2 — a cross-validated R? calculated during leave-one-
out cross-validation procedure on data of the TrS; F — Fisher’s coefficient; S.D. — standard
deviation; V- the number of variables in the final regression equation.

Additionally, using the molecular docking method, the steric complementarity of the
modeled compounds with the active center HSV-1 TK in humans was studied. Potential
biologically active conformations were determined for all ligands, and binding sites to the
active center were identified. This information may be useful in the development of new
selective inhibitors of TCV HSV-1.
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Effect of Phytohermab on the myocardium of rats and mice

Merkulova I.B., Ermakova N.P., Abramova T.V., Konyaeva O.l., Chaley V.A.,
Bukhman V.M., Kulbachevskaya N.Yu.

FSBI «N.N. Blokhin NMRCO» Ministry of Health of Russia,
115478, Russia, Moscow, Kashirskoye sh., 24

Introduction. Phytohermab (PG) is a dosage form of a new biotechnological drug,
humanized monoclonal recombinant therapeutic antibody against HER2 onco-antigen,
obtained from a plant source in the laboratory of transgenic preparations of the FSBI «N.N.
Blokhin NMRCO» Ministry of Health of Russia and is a plantianalog of Trastuzumab, the
main toxic effect of which is cardiotoxicity.

Purpose of the study. Evaluation of the alleged cardiotoxic effect of PG with intravenous
(I/V) or intraperitoneal (I/P) administration in rats and mice.

Materials and methods. The study was performed on 25 Wistar rats and 60 female SHK
mice. Doses of PG were selected on the basis of literary data. PG was administered once
I/V or I/P in doses of 2 and 20 mg/kg. ECG parameters in rats were assessed on days 3, 5, 7,
and 9 of observation. Histological examination of the heart of rats was performed on days
7 and 9; mice - on the 3rd, 5th, 7th and 9th day of observation. The material was subjected
to conventional histological processing, histological preparations were examined under a
light microscope.

Results. It was established that PG with a single I/V and I/P administration to rats only at a
dose of 20 mg/kg on day 7 of observation caused changes in the ECG of animals passing by 9
days: anincrease in the PQ interval and heart rhythm disturbances. Histological examination
of pathological changes in the myocardium of rats on days 7 and 9 was not observed. PG
in doses of 2 and 20 mg/kg, regardless of the route of administration and for all periods of
observation, caused changes in the myocardium of mice. Cardiac foci of cardiomyocytes
with signs of dystrophy (swelling and disappearance of striated striation) and increased
staining by eosin of their sarcoplasma (hypereosinophilia) were found in the heart muscle,
which is associated with cell hypoxia and metabolic disturbances. In addition, PG at a dose
of 20 mg/kg on the 3rd day of observation after I/P use and on the 5th day of observation
after I/V use caused isolated mononuclear infiltrates in the myocardium of individual mice,
which may be a manifestation of focal inflammation.

Conclusion. When administered once to rats, PG caused passing, independent of the
route of administration, ECG changes only at a dose of 20 mg/kg, while no histological
changes were noted in the heart of the rats. Slightly pronounced dystrophic and hypoxic
changes of myocardial cells were noted histologically, irrespective of the dose and route of
administration, in the heart of all mice. Focal inflammatory changes in the myocardium of
mice were detected only with the use of PG at a dose of 20 mg/kg.
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drugs and their analogues - reference drugs
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Introduction. Preclinical pathomorphological comparative study of reproduced drugs
requires the use of criteria that allow to evaluate the macroscopic and histological changes
in the internal organs of animals.

Purpose of the study. Determine the pathomorphological criteria for assessing the
identity of the manifestations of the toxic effects of domestic reproducible anticancer drugs
and reference drugs.

Materials and methods. In FSBI «N.N. Blokhin NMRCO» Ministry of Health of Russia
conducted a comparative preclinical study of reproducible anticancer drugs cisplatin,
carboplatin, oxaliplatin, methotrexate, vincristine and hydroxycarbamide. As the reference
drugs used similar registered drugs. Reproduced drugs were administered to rats in parallel
with the comparison preparations for 3-5 days in accordance with the required doses and the
mode of administration - intravenously or orally. Pathomorphological study was performed
on days 3 and 30 after discontinuation of the injections. An autopsy and a macroscopic
examination of the internal organs were performed at the autopsy, and parts of the internal
organs were taken, which were subjected to conventional histological processing.

The results of the study. Criteria for comparative evaluation are highlighted: external
features of rats (condition of the skin, hair, mucous membranes, signs of diarrhea);
macroscopic changes of the internal organs (increase / decrease, blood supply, consistency,
edema, etc.); qualitative assessment of microscopic changes (cell dystrophy, signs of
inflammation, hemorrhage, necrosis, regeneration sites, etc.); semi-quantitative assessment
of histological changes on the scale: 1 - single small areas, 2 - large single areas, 3 - a large
number of sites / diffuse changes; number of animals with changes in organs. We studied
the dependence of changes on the dose and their reversibility. If the evaluation criteria
coincided, the conclusion was made about the identity of the reproduced drug and its
analogue.

Conclusion. Pathomorphological criteria were determined during a preclinical
comparative study of domestic reproduced drugs and their analogues - reference drugs.
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Biological activity of novel fluorinated quinazolines
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Quinazoline derivatives is an important class of heterocyclic compounds, among which
antagonists of enzymes and of a number of receptors, compounds with antitumour, antiviral
and antibacterial activity were found. A special place among these compounds is occupied
by the fluorine-containing derivatives. We managed to develop a number of effective
synthetic approaches to fluorinated quinazolines with different types of biological activity.

2-Alkylthio-4-arylamino-6,7,8-trifluoroquinazolines 1 were studied at State Scientific
Center of Virusology and Biotechnology (Novosibirsk), Flu Institute (S.-Petersburg) and
Phtiziopulmonology Institute (Ekaterinburg). Derivatives active towards pox-viruses, flu
virus and tuberculosis micobacteria were found.

Antiviral activity:
variolovaccine (VV) IC,,=0.05 pg/mL,

HN/Ar Ar = Ph, ektromelia (Ectr) IC, = 0.05 pg/mL,
Alk = Et monkeys smallpox (MPV) IC, < 0.05 pg/mL;
F SN
. VVIC_ 0.09 ug/mL,
= - 50
E N/)\S— Alk ﬁ[k _3;: dFCH, Ectr IC,, 0.11 pg/mL, MPV IC,.<0.05 pg/mL;
B FLU VIRUS A (H,N,) IgID, /50mL = 4.0
1 Antitubercular activity:
Ar=2-OMeCH,, H,,R, 1,5 w/ml; M. Avium 1,5 p/ml;
Alk = Me M. Terrae 1,5 u/ml; MDR strain 1,5 p/ml

We found that transformation of 3-aminoquinazolinones into arylydenamino ones
representsaperspectivewayforsearchnewfungistaticagents.3-Arylydeneaminoquinazolines
2 were studied at Dermatology and Venereology Institute (Ekaterinburg).

NO,  Fungistatic activity:
Trichophyton mentagrophytes var. Interdigitale
(MIC 3.12 mg/mL),

(0]
k Trichophyton schoenleinii (MIC 1.5 mg/mL),
F N~ Epidermophyton floccosum (MIC 0.75 mg/mL),
Microsporum canis (MIC 25 mg/mL)
F N/)\CH3 2

The work was carried out with financial support from the Ministry of Education of Russian
Federation (State Contract 4.6351.2017/8.9).
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under solid-phase fermentation conditions

Muhammedov L.I.,, Nasmetova S.M., Ruzieva D.M., Rasulova G.A., Sattarova G.B.

Institute of Microbiology of Academy of Sciences of the Republic of Uzbekistan,
100128, Uzbekistan, Tashkent, A. Kadiri, 7B

Diabetes mellitus characterized by chronic hyperglycemia, which controlled by inhibiting
a-amylase and a-glycosidase, leading to a strong delay in the digestion of carbohydrates.

Endophytic fungi, asymptomatically living in the intercellular space of various parts of
plants, are capable of producing a-amylase inhibitors. Earlier, we isolated Penicillium brevi-
caule alba Thom-CC200 and Aspergillus egypticus-HT166S strains from medicinal plants Ce-
losia cristata and Heliantus tuberosus, producing inhibitory activity compounds.

In order to optimize the cultivation conditions of selected endophytic strains to increase
the level of production of metabolites with high inhibitory activity, as well as taking into ac-
count the cost-effectiveness of the solid-phase fermentation method, we conducted studies
to determine the possibility of endophyte cultivation by the TFF method.

The strains were grown for 7 days on substrates containing oats, cereal waste, rice and
wheat husks, hydrated with the Chapek-Doksa medium and nutrient-rich medium, contain-
ing various carbon sources.

It was shown, that all the used substrates are well suited for the successful development
of the mycelium of both cultures, which grows deep into the substrate, forming a fluffy layer,
more pronounced when hydrated with a nutrient-ruch medium containing glucose, maltose
and glycerin, as compared to the Chapek-Doks medium.

In general, the level of production of a-amylase inhibitors in the extract of P. brevicale
alba Thom - CC 200 is higher than in A. egypticus - HT166S, is dependent on the substrate
used and is directly correlated with biomass growth. It was established that in the strain P.
brevicale alba Thom - CC 200 on wheat husk, when hydrated with nutrient-rich medium,
observations show maximum inhibitory effect of a-amylase at a level of 87.5% and inverse
correlation with biomass growth. In the A. egypticus - HT166S strain, the maximum per-
centage if inhibition is low and amounts to only 20% when fermentation carried out in oats
hydrated by nutrient-rich medium.

Thus, the P. brevicale alba Thom - CC 200 strain shows most promise as means of
obtaining a-amylase inhibitors by the method of solid phase fermentation on wheat husk
and substrate hydration via nutrient-rich medium.
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Nitric oxide affects the apoptosis of tumor cells at all stages of cancer development [1].
It’s well know that benzimidazole derivatives exemplify one of the chemical classes that
show strong cytotoxic. The aim of present study was to evaluate the antiproliferative activity
of imidazo[4,5-e]benzo[1,2-c; 3,4-c '1difuroxans - the hybrid compounds with two furoxan
rings and benzimidazole core. The antiproliferative activity of 19 imidazo [4,5-e]benzo[1,2-c;
3,4-c 'ldifuroxans with various substituents was tested against two human cancer cell
lines: fibrosarcoma (HT1080) and glioblastoma (A-172) using the MTT assay. A-172
glioblastoma cells, on average, were more sensitive than HT1080 cells. It was determined
that four compounds (Ks009, Ks052, Ks066, Ks067) demonstrated the insignificant or low
antiproliferative activity ( IC (50) more than 70 uM for both cell lines)and three (Ks010,
Ks019, Ks025) showed the medium activity (IC (50) 50-70 uM for HT1080 and 15-30 uM for
A-172). The other 12 compounds (Ks022, Ks023, Ks026, Ks032 Ks033, Ks034, Ks042, Ks050
Ks057, Ks064, Ks065, Ks068) displayed high antiproliferative activity (IC (50) 15-50 uM for
HT1080 and 4-7 uM for A-172) .

N
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The obtained data allow us to consider imidazo[4,5-e]benzo[1,2-c; 3,4-c’]difuroxans as

new crucial candidates in antitumor drug research and development.
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Comparative strength properties changes of polyfilament sutures Sabfil
Plus and Mefpil under conditions of in vivo and in vitro destruction
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Replacement of expensive imported medical goods with identical in biological and
mechanical properties domestic products, including surgical is currently a topic issue.
Evaluation of biodegradable sutures biocompatibility and mechanical properties that satisfy
their practical application areas is very important [1].

This work was aimed to determine the rate of mechanical strength change of “Mefpil”
suture based on polyglycolide and “Sabfil Plus” domestic suture based on polyglycolide-co-
D,L-lactide by chemical hydrolysis in a buffer solution and biological destruction in tissues.

The experiments were carried out on 3-month laboratory CBA mice weighing 22.0-24.0
g. The analysis of the samples mechanical properties showed an increase in destruction
rate of the studied sutures when implanted into the subcutaneous tissue compared to
chemical hydrolysis in phosphate buffer. Apparently, this is due to the enzymatic activity of
serum proteases of the tissue fluid and the esterase activity of the inflammatory infiltrate
cells. The shape analysis of “Mefpil” and “Sabfil plus” sutures strength curve indicates their
degradation due to the automatic depolymerization mechanism. The rate of mechanical
strength decrease in mice body of imported “Mefpil” and domestic “Sabfil plus” sutures
are identical and amounts to 28 + 1.5 days. Histological analysis of muscle samples at the
interface with the suture implant showed no pathological changes in the granulations in
the case of “Mefpil” nor “Sabfil Plus”. Thus, based on the performed experiments, it can
be concluded that the studied sutures “Mefpil” and “Sabfil plus” are identical in terms of
destruction rate and histological pattern of tissue reaction at the border with the implant.
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The search for antioxidants preventing oxidative stress and many pathological conditions
is of a great importance. 2,6-Di-alkylphenols are widely used as vitamin E mimetics and
stabilizers of organic substrates. Pyridine derivative Mexidol® is an inhibitor of free radical
processes, membraneprotective, nootropic drug.

Presented work is aimed at the synthesis of hybrid compounds possessing both pyridine
and hindered phenol groups and their water soluble hydrochlorides. Novel picolylamines
with 2,6-di-tert-butyl moieties were synthesized and characterized. The structures of 4-6
were determined by X-ray analysis. Compound 6 appeared to be a homodimer in which two
monomers are arranged in such a way that pyridine ring of one molecule is located opposite
to the hindered phenol fragment of another one due to hydrogen bonds.

The activity of compounds as radical scavengers was evaluated in reactions with stable
radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) and with O,". On long time spans of about 24 h
compounds were found to be slow antiradical scavengers with prolonged type of action and
moderate inhibitors of lipoxygenase. The influence of compounds on rat liver homogenate
lipid peroxidation was studied. The IC, values in ‘BHP-induced lipid peroxidation varied in
0.5-11 uM range. The length of a linker and position of the nitrogen atom in pyridine cycle
influenced the antioxidant activity of compounds. The results open up the perspectives for
future application of these compounds as antioxidants and cytoprotectors.

Acknowledgement: The financial support of RFBR (18-03-00203, 17-03-01070) is gratefully
acknowledged.
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According to the World Health Organization, cancer is estimated to account for millions
of deaths every year, and in the coming years, different cancer types are to become the
top cause of death worldwide. As 20% of chronic inflammatory processes lead to cancer,
and due to the fact that cancer is associated with different levels of immune homeostasis
disorders, which depend on the age and genetic characteristics of patients, various
directions of immuno-oncology are currently being actively developed. 5-oxypyrimidine
derivatives, 2-isobutyl-4,6-dimethyl-5-oxypyrimidine (SNK-411) and its salt (SNK-578),
demonstrate pronounced antitumor and antimetastatic activity on experimental solid
tumor models, such as Lewis lung carcinoma, B-16 melanoma and cervical cancer. Synthesis
ot the compounds (Figure 1) is carried out by the interaction of isovaleric acid amide with
3-chloro-2,4-pentanedione in glacial acetic acid to form oxazole.

Figure 1
9. 9 He O CH>COOHgicia HiG N
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_— _— e HCL
autoclave L Acetone "N IN
CH, CH,
180-205°C
CH3 CHs

The resulting oxazole is placed in an autoclave with a 10-fold excess of 30% aqueous
ammonia solution and heated to 180-205°C for 24 hours, yielding SNK-411. Technical grade
SNK-411 is dissolved in dry acetone. The solution is healed to 50°C, and hydrogen chloride
is added dropwise to pH=3-4. The reaction mass is cooled, the precipitate is filtered, dried,
refluxed in dry acetone, then allowed to cool. The precipitate is filtered and air dried; the
resulting compound is SNK-578. *H NMR spectra and elemental analysis data agree with the
proposed structures.
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One of the urgent tasks of modern medicinal chemistry is the search for new
physiologically active substances to create drugs, in particular, with antiviral properties.
Earlier, our laboratory has developed a camphor derivative, camphecene (1), which showed
outstanding activity against the influenza virus A/HIN1 [1]. For pharmacokinetic studies, a
method for quantitative determination of compound 1 in whole rat blood was developed,
consisting in extraction of a dried blood spot and HPLC-MS/MS analysis of a sample [2]. The
purpose of this work was to study the stability of compound 1 in dried plasma spots during
storage under various conditions.

For the investigation, plasma samples were spiked with camphecene to obtain
concentrations of 10, 25, 50, 100, 250, 500, 1000, 2500 and 5000 ng/ml. Aliquots of 20 pl
plasma were spotted onto the Whatman Protein saver card 903® and air dried. One set of
the calibration samples was processed and analyzed immediately after preparation, and
linear calibration was built over whole concentration range. Analysis of the samples stored
for 8 days at ambient temperature showed a decrease in the observed concentrations
compared to baseline values, while camphecene concentrations in samples stored at
-18°C were higher. As a conclusion, we suggest optimal storage conditions to be at +4° C:
no changes in the concentrations of camphecene were observed in samples kept at this
temperature. The obtained data on samples stability should be taken into account when
developing methods for quantitative analysis of camphecene and collecting and keeping
samples during clinical trials.
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Sorption of cholesterol on polymeric and hybrid organo-inorganic
molecular imprinted sorbents
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Molecularly imprinted sorbents (MISs) are crosslinked polymers obtained in the pres-
ence of a target molecule as a template. After the template is removed by washing, cavities
with molecular recognition sites that can bind selectively to the original template are stored
in the polymer networks. MISs are highly selective to capture the target analyte as the an-
tibody. But as artificial receptors, MISs are easy and rapid to prepare, very stable in harsh
conditions, and allow the usage of a great variety of binding/eluting conditions without the
risk of losing binding activity.

The aim of our study was to prepare cholesterol-imprinted sorbents (Ch-MISs) by the
bulk and emulsion copolymerization. The bulk Ch-MISs were prepared by the Ch-imprinting
in copolymerized hydroxyethyl methacrylate (HEMA) as an amphiphilic monomer and eth-
yleneglycol dimethacrylate (EGDMA) as a crosslinker in n-propanol. The Ch-imprinted core—
shell particles were prepared by emulsion copolymerization. In this method, imprint-sites
were formed in the HEMA-EGDMA copolymer layer at the surface of nanocomposites (NCs)
of selen (Se) stabilzed with polyvinylpyrrolidone (PVP). An excess amount of Se/PVP-NCs in
processes involving contact of comonomers and water, and then contact of water and buta-
nol resulted in the formation of stabilized Pickering emulsions oil/water/oil.

In the process of plasma sorption in vitro, it was shown that the sorption selectivity
increased on the Ch-imprinted sorbents if compare with the corresponding non-imprinted
sorbents. At the same time, hydrodynamics of sorption on the hybrid sorbents were better
than on the bulk sorbents due to more prominent amphiphilicity and narrow surface
sorption layer in the hybrid networks.

The study was supported by the Russian Foundation for Basic Research
(project no. 18-33-00710).
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The influence of parabens on the development
of pathology and human health

Osipenko E.Y.
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According to the CAMP study, parabens cause an allergic reaction only in 1% of cases.

Parabens have low estrogenic activity and can initiate hormonal changes in organisms,
cause the growth of tumors and adversely affect the reproductive system. So, scientists
from the United States found that parabens can affect thyroid hormones during pregnancy.

A mixture of parabens can stimulate the formation of mitochondrial and cytosolic
reactive oxygen species (ROS), which inhibits sperm motility and viability depending on the
dose.
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The redox properties and antioxidant activity of new aromatic diimine with phenolic
fragment in comparison with BHT (2,6-di-tert-butyl-4-methylphenol) have been studied. The
compound have been shown to react more readily in electron transfer processes (Epa=1.21
V) as compared with BHT (Epa=1.52 V). The interaction of compounds with an electrochemically
generated O, in CH,CI, on a platinum electrode was studied.

»
N\/

The form of cyclic voltammograms of the electroreduction of oxygen were changed in the
presence of BHT and diimine. The cathode peak increase of oxygen reduction, anode peaks
decrease of oxygen oxidation and the new peak appeared in the anode region (Epa= -0.1V) were
established. Decline anodic peak of current O,* indicates that the compound react irreversibly
with superoxide anion-radical. Based on the obtained voltammetric data, the rate constants of
the interaction (k) of new aromatic diimine with phenolic fragment and BHT with O,” were
calculated [1], the values of these constants 361.0 and 8.0 L/mol-s. respectively.

The chelating of Fe?* by compounds was estimated by the method of Dinis et al. [2]. In the
presence of chelating agents, the formation of complex ferrozine with Fe?* is disrupted with
the result that the red colour of the complex is decreased. Measurement of colour reduction
allows the estimation of the chelating activity of the existing chelator. The aromatic diimine
with phenolic fragment and BHT demonstrated a low ability to chelate Fe?.

This work was supported by the Russian Foundation for Basic Research
(grant Ne 17-03-00434).
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Hybrid Organo-Inorganic Composites on a Basis Chymotrypsin and Silver
Nanoparticles
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The study of self-organization of hybrid organic-inorganic nanocomposites (NC), solution
of stabilization problem, and obtaining of nanoparticles of predetermined size are the
fundamental tasks of the modern chemistry of nanomaterials. The creation of such NC, in
which every constituent provides different biological activity, at the present time is one of
the most currently important trends of development of new therapeutic agents.

The increase in stability of enzymes reached during immobilization on polymers is most
often accompanied by a significant decrease in their catalytic activity. This fact limits the
wide application of immobilized enzymes in practical medicine. It was proved that a sharp
increase in specific surface of nanoparticles (in comparison with known modificators) led
to an increase in adsorption kinetics of substrate on enzyme active site. Furthermore, if the
immobilization of enzymes is performed on nanoparticles which have their own biological
activity, then the possibility of overlapping of different useful biological properties in one
nanocomposite emerges.

In the report synthesis, spectral and dimensional properties of NC based on proteolytic
enzyme chymotrypsin (CT) and silver (Ag) nanoparticles, and also their dimensional,
enzymological, and bactericidal properties are considered. The synthesis of Ag with CT
nanocomposites was performed during the reaction of nitrate sodium (AgNO,) reduction
by sodium borohydride (NaBH,) in water medium at the presence of CT at atmospheric
pressure and temperature of 20 °C:CT was simultaneously a stabilizer of silver nanoparticles
in solution. Aggregatively stable nanocomposites were synthesized at a significant excess
of NaBH, (12 fold increase in the stoichiometric ratio of the components.The proteolytic
and bactericidal activities of the NC was determined in the aggregatively stable systems
obtained in the absence of the mixture phase separation.

It was shown that proteolytic and bactericidal activity of Ag—CT nanocomposites, which
are formed during the chemical reduction with sodium borohydride of Ag* cations in CT
aqueous solutions, significantly depends on the ratio of concentrations of reagents and me-
dium pH. The chemical reduction leads to the formation of stable nanocomposites which
have polyfunctional biological activity in the presence of optimal amounts of CT which are
effectively binding Ag* cations.
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SOD-Protector Activity of New Heterocyclic Compounds
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In this work the effect of compounds 1-3 on the rate of superoxide anion-radical
(0,) generation in the auto-oxidation reaction of adrenaline in an alkaline medium was
investigated. The effect of the compounds on the SOD-protector activity of a biological

product, the liver of the Russian sturgeon, was also studied.
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It was found that all compounds exhibited antiradical and SOD-protector activity (Fig.).
Compounds 1-3 reduced the rate of adrenaline oxidation in alkaline bicarbonate buffer
by 33%. Compound 3 showed the highest SOD-protector activity at the presence of the
Russian sturgeon liver homogenate, reducing the O, generation rate by 60%, compound
2 slowed down the reaction rate by 66%. Compound 1 did not increase the SOD-protective
activity of a biological product.

Fig. The effect of compounds 1-3 on
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1 2 3 of a biological product was taken as
100% (control).

Thus, the antiradical activity of new heterocyclic compounds and their ability to increase
the SOD-protector activity of the Russian sturgeon liver homogenate was discovered, which
allows considering these compounds as potential inhibitor of lipid peroxidation.

This work was supported by the Russian Foundation for Basic Research
(grant Ne 19-03-00006).
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Search for new hepatoprotective agents based on available bile acids by
in silico methods
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Today, there is an acute problem of finding new hepatoprotective agents due to the excess
incidence of hepatobiliary system diseases of various origins. One of the hepatoprotective
drugs classes exhibited on the pharmaceutical market is represented by medicines based
on ursodeoxycholic acid (UDCA), which is one of the main human bile acids. This research
is devoted to finding new hepatoprotective agents based on bile acids — UDCA, as well as
cheaper and more available deoxycholic (DCA) and chenodeoxycholic (CDCA) acids. We have
previously shown that the bioisosteric replacement of the native carboxyl group of DCA
with the 1,2,4-oxadiazole enhances the anti-inflammatory, antioxidant, hepatoprotective,
hypocholesterolemic and anti-mitotic properties in in vivo models compared to the original
acid. We have created a virtual library of more than 100 derivatives of DCA, CDCA and UDCA
containing the 1,2,4-oxazoazole substituted at position 3 instead of the native carboxyl
group in the side chain, and various functional groups in the steroid backbone (native
hydroxyl, carbonyl, ester and ether). All compounds from virtual library were analyzed by
the molecular docking method. For the screening of new derivatives, possible molecular
targets of anti-inflammatory and hepatoprotective effects were selected. Molecular docking
of new studying bile acid derivatives was performed at the aromatase binding sites, Kelch
domain Keap1, BTB domain Keap1, and IKK kinase. The leader compounds detected as a
result of molecular docking were successfully synthesized and characterized for subsequent
biological studies.

The reported research was funded by Russian Foundation for Basic Research and the
government of the Novosibirsk Region of the Russian Federation, grant Ne 18-43-543031.
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AS-358

Earlier, we have developed the agent AS-358 [1, 2], which showed high activity in
vitro against Marburg and Ebola filoviruses. The next step in the study of the agent is an
investigation of the activity of this compound using animal models, but such experiments
are extremely expensive, since they can be carried out exclusively in BSL4 biolaboratories.
To identify the dose and mode of administration of the compound it is necessary to study
its pharmacokinetics profile.

We have developed and validated a method of quantitative determination of AS-358 in
rat blood by HPLC-MS/MS using NaF as an additive to anticoagulant. The developed method
was validated according to the following parameters: selectivity, LLOQ, calibration curve,
accuracy and precision, carry-over, stability.

After oral administration of AS-358 to rats, the substance is absorbed after 20 minutes.
After 1 h, the concentration of the substance in the blood drops, but then it increases,
reaching the second maximum after 5 h (Fig. 1A). In addition to AS-358, its major metabolite,
3-(1-piperidinyl)-propanoic acid, was also detected in the blood, and its maximum
concentration was achieved 2-2.5 hours after administration of the agent (Fig. 1B).
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Fig. 1. Concentration — time profiles of AS-358 (A) and 3-(1-piperidinyl)-propane acid (B).
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Direct CH/CH coupling of tetramethylpiceatannol
with 3,5-diphenyltriazine

Sharapov A.D., Khalymbadzha I.A., Fatykhov R.F., Bobkina M.V.,
Inyutina A.K., Chupakhin O.N.

Department of Organic and Biomolecular Chemistry, Ural Federal University, 620002,
Russian Federation, Yekaterinburg, Mira 19

The past decade has witnessed tremendous natural derivatives phytoalexins, in particular
resveratrol and piceatannol, primarily because of its promising activity against a collection
of disease states including inflammation, heart disease, aging and cancer [1].

One of the possible directions in the modification of these stilbene derivatives is their
coupling with aryl-1,2,4-triazines which may be useful in the treatment of Parkinson’s
disease [2], and also possess neuroprotective [3] and antitumor properties [4].

Herein, we present an example of CH/CH coupling of tetramethylpiceatannol 1 with
3,5-diphenyltriazine 2 using acid catalysis. Unfortunately, the reaction was not regioselective
and a mixture of isomeric products 3a and 3b was formed in a 2: 1 ratio.
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The porosity of nanopowders obtained by the pulsed electron beam method was studied
by the BET / BJH method. Also performed synchronous thermal analysis according to the
DSC-TG method. The study was conducted for nanopowders with different concentrations
of the SiO, dopant.

Based on the results of the BET and BJH analyzes, it can be concluded that the specific
surface area and porosity of the samples are high. The analysis by the DSC-TG method
confirms the porosity of the samples, and also indicates the hydrophilicity of the doped

samples.
P Table - Structural properties of Gd203 nanopowders obtained by the BET / BJH method
Sample S, m’/g Pore diameter, nm Pore volume, cm?/g
Gd,0,-pure 163 18,9 0,64
Gd,0,-0,1%Si0, 170 17,9 0,53
Gd,0,-1%Si0, 177 21,9 0,96
Gd,0,-5%Si0, 153 30,4 1,19

Thus, according to the results of the analysis performed, it can be concluded that the use
of gadolinium oxide doped silica nanopros for the delivery of biologically active substances
is promising.
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The possibility of using bioinert gadolinium oxide nanopowders obtained by the pulsed
electron beam method as a radiopaque substance has been investigated. The study of
radiopaque properties of nanopowders in Na-CMC gel was carried out on a medical X-ray
unit, with exposure times: 160, 200, 250 ms. As reference standards, iodine-containing
radiopaque drug Urografin was used, in a concentration of 38% and water. Further, using
an MD100 microdensitometer, we measured the blackening density of the obtained X-ray
images. To assess the absorption capacity, we calculated the ratios of the blackening density
of the samples under study to the preparation “Urografin”.

Table - The ratio of the density of blackening of X-ray images of the studied samples
to the drug “Urografin”

Exposure time, ms
Sample
160 200 250
Gd,0,-12,5% 1.02 1.08 1.11
Gd,0,-5% 1.22 1.38 1.71
Gd,0.-2,5% 1.33 1.58 1.88
H,0 2.05 2.38 2.68

Thus, when the concentration of nanopowders is 12.5%, the results are close to the
iodine-containing drug Urografin.
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Detection of related substances in LHS-1269
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A novel compound, an indolocarbazole derivative LHS-1269, has been synthesized at
N.N. Blokhin National Medical Research Center of Oncology and it has demonstrated high
antitumor potential. The aim of the study was to design a method for the control of related
substances in the pharmaceutical substance LHS-1269.

The studies were performed with the liquid chromatograph Agilent 1200 equipped with
diodematrix detector and chromatographic column «ZorbaxSB-C18» (3.0 mmx 150 mm, 3.5
um). The results showed that optimal separation of LHS-1269 and possible related substanc-
es determined in the following chromatographic conditions: mobile phase is the mixture
of acetonitrile — water—0.1% trifluoroacetic acid; elution gradient regimen is 10% to 95%
of acetonitrile over 12.5 minutes; the flow rate of the mobile phase is 0.4 ml/min. Chro-
matogram registration time is 15 min. The detection was performed at the wavelengths
of 220 nm, 285 nm and 315 nm. The separation results were similar in all samples at the
given wavelengths. LHS-1269 retention time (RT) was 11 min. in the proposed conditions.
Maximum number of impurities was detected at the wavelength of 315 nm: the chromato-
grams presented up to four peaks with RT bigger than that of LHS-1269, which spectra were
identical to the main substance by signal location and relation of optical density at the D, ./
D,,;maximum. The impurity with the RT of 9.3min.has also an absorption spectrum similar
to that of indolocarbazoles, though it is closer to LHS-1208 spectrum by the relation of D, ./
D, [1]. Thus, the studies demonstrated that all impurities detected in LHS-1269 include the
indolocarbazole core and are related substances. Quantitative determination of any impu-
rity was performed with the method of “internal normalization”. The results showed that in
all studied substance samples the content of any single impurity does not exceed 1.5% and
the sum is within the limits of 3%.
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Hemostatic properties of 3% carboxymethyl cellulose gel
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Carboxymethyl cellulose is widely used in the food and pharmaceutical industry as an
emulsifier and stabilizer in suspensions and emulsions, as well as to adjust the consistency of
substances of different fat content. This amorphous colorless substance has the properties
of a weak, odorless and tasteless acid and is considered to be physiologically harmless.
Carboxymethylcellulose promotes thickening of aqueous solutions, has stabilizing and
binding properties and forms a transparent and durable film [1]. These physical and chemical
properties of this compound suggest the possibility of using carboxymethylcellulose as a
hemostatic agent.

In this regard, the aim of our study was to investigate hemostatic properties of 3%
carboxymethyl cellulose gel. The blood of 35 male volunteers aged 20 years was used for the
experiments. To study hemostatic activity of 3% carboxymethylcellulose gel, hematocrit was
determined. Coagulation index was calculated in the control group using native blood and
in the experimental group using gel at the beginning (Cl T1) and at the end of coagulation
(CI T2). Minimal values were associated with the most pronounced hemostatic effect. To
determine the chemical interaction of gel and blood, a dry substance of the mixture of
these substances was passed through infrared (IF) and ultraviolet (UV) spectrometers. The
reliability of the results was evaluated using T-student’s test.

Inall cases, hematocritincreased due to the absorption of blood plasma by carboxymethyl
cellulose. The decrease in plasma volume was on average 48% (0.3 ml). The addition of 0.1
ml of NaCl 0.9%, in contrast, led to an increase in the plasma volume by 17%, respectively,
of the added value. The analysis of coagulograms showed that carboxymethyl cellulose
gel reduced CI T1 by 24% (70,23+1,4) and Cl T2 by 30% (65,23+2,3) relative to the control
(p<0,001). After the IF and UV spectroscopy, no new spectrograms were detected, indicating
no chemical interaction between carboxymethylcellulose and blood.

Thus, 3% carboxymethylcellulose gel has hemostatic properties, which are due
to the absorption of the liquid part of the blood (plasma) by hydrophilic groups of
carboxymethylcellulose and due to the matrix structure of the gel, detaining the formed
elements of the blood and forming a lattice for the formation of a platelet clot.
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The aim of the work was the regularities of the esterification of dextran in the
orthophosphoric acid-urea system, to obtain hydrogels of dextran phosphates and the
products of their interaction with prospidin, to create a hydrogel dosage form for local
chemotherapy of malignant tumors.

The influence of the conditions of carrying out the esterification of dextran in the
orthophosphoric acid — urea system on the chemical composition and the physicochemical
properties of the reaction products has been established. It has been shown that the
formation of monosubstituted phosphoric acid groups proceeds at a higher rate than in
disubstituted phosphates, and the yield of gel fraction and the water-absorbing capacity of
the modified dextran hydrogels are determined by the equilibrium between the cross-linking
and degradation processes. Morphology, particle size, sensitivity to pH change and ionic
strength of hydrogels have been determined. The parameters of the polymer network have
been calculated: the average molecular weights between crosslinks, the crosslinking density
and the pore size [1]. The values of ion-exchange and non-exchange components of sorption
of antineoplastic substance of prospidin by hydrogels have been established [2]. It has been
shown that the release of cytostatics from hydrogel forms consists of several stages, the
amount of released substance is almost independent of the degree of crosslinking of the
modified dextran and is determined by the content of functional groups in the polymer. In
in vitro and in vivo experiments an increase in the antitumor activity and prolongation of
the action of hydrogel forms of prospidin and cisplatin on the basis of dextran phosphates in
comparison with injection forms of cytostatics has been demonstrated [3].
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The quality of the drug is evaluated by its compliance with the quality indicators and
their normalized values specified in the corresponding normative documentation. Among
the indicators that play an important role in the analysis of sterile dosage forms should
include “Viscosity” [1]. Viscosity is important as the passport characteristics of the finished
product and intermediate products. Since the viscosity of a multicomponent liquid depends
on many parameters, it is an indirect and easy to determine the indicator of its purity and
suitability for use [2].

The aim of the work was to assess the effect of lipid composition on the viscosity of
liposomal dispersion. In the study, we obtained dispersions of liposomes from egg and soy
lecithin (EL and SL, concentration 50 mg/ml) with different content of cholesterol (Chol) and
distearoylphosphatidylcholine pegylated (PEG-DSPE).

As a result of the analysis of model compositions of liposomes obtained from both types
of lecithin with molar ratios (v/v) lecithin/Chol in the range from 10:1 to 2:1, it was found
that the viscosity of the dispersion has no direct dependence on the amount of Chol in the
bilayer and averages from 9.4 to 13.2 MPaes for liposomes from EL and from 10.2 to 14.6
MPaes - from SL. For compositions with v/v lecithin/Chol 1:1, the viscosity value is at the
level of 23.1-24.2 MPaes. At the same time, a correlation between the viscosity index and
the content of PEG-DSPE in the liposomal bilayer is observed. Thus, with an increase in the
amount of PEG-DSPE in v/v lecithin/Chol in the range 1:0.002-1:0.030, there is a gradual
increase in the viscosity of dispersions: for liposomes from EL — from 8.1 to 43.8 MPaes,
from SL - from 7.7 to 56.4 MPaes.
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Phosphorus containing analogues of biogenic carboxylic acids and their derivatives show
activity towards biological targets: phosphonoacetic acid (PAA) displays proved antiviral
activity, and N-phosphonoacetyl-L-aspartate (PALA) shows cytostatic potency [1].

With a view to find new bioactive phosphonic acids derivatives, a number of esters of
N-(a-diethoxyphosphorylcyclopropylcarbonyl)aminoacids 2a-g (R* = CH,, C,H,) were synthe-
sized and then hydrolyzed to the relevant acids 3a-g.
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Therefore, N-(a-diethoxyphosphorylcyclopropylcarbonyl)glycine (3a), -cysteine (3b), -methio-nine
(3c¢), -aspartic acid (3d), -proline (3e), -phenylalanine (3f) and -y-aminobutyric acid (3g) were obtained
in good yields.

Compounds 1, 3a, 3c, 3d, 3g were examined for a cytotoxicity against human cancer cell
lines of mammary, skin and glioblastoma. In all cases there was no difference from control
groups. Absence of outspoken activity may be caused by the presence of ester groups at
the phosphorus component part [2]. The purposes of future research work are synthesis
and examination of biological activity for acids obtained by the way of partial and total
hydrolysis of phosphonic esters 3a-g.

References
[1] Ruiz-Ramos A.et al., J. Structure, 2016, Ne24(7), 1081-1094
[2] Mao J.C. et al., J. Antimicrobal Agents & Chemotherapy, 1985, Ne27(2), 197-202



400 MedChem Russia 2019
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Reactive oxygen species are important elements of cell metabolism: they are involved in
both physiological and pathophysiological processes associated with various diseases [1, 2].
To assess the antioxidant properties of compounds, chemical methods are used primarily
to determine the radical-binding activity of the substance [3]. However, such methods have
significant drawbacks, the main of which is the simplified nature of the in vitro reaction,
which does not reflect the versatility of the processes occurring in a living organism. It leads
to a large number of negative and positive false in results of testing. The main strategy in this
case is to use several chemical methods for evaluating radical-binding activity, differing in
the source of radicals and in the method of evaluation of the analytical signal, and to confirm
it in test systems based on blood cells (for example, red blood cells) or microorganisms (for
example, E. coli), reflecting the effect of substances on the integrity and function of the cell
membrane and on the redox regulation of cellular activity, respectively [4].

The broad biological activity spectra of pyruvic acid and its derivatives, is largely attributed
to their antioxidant properties and free radical scavenging ability [5]. We evaluated a set
of the acyl-substituted methylpyruvates and their 2-arylaminoderivatives in two assays
with AAPH and DPPH as free radical sources. In general, the IC50 values for the studied
samples were approximately two orders of magnitude higher in the DPPH assay than in
APPH assay, which reflects the difference in the concentrations of the substances used in
the protocols for these test systems. The radical-scavenging activity in the AAPH test was
superior for compounds containing electron-donating substituents in the acyl group and the
N-aryl substituent. In the DPPH test, such dependence of activity from the properties of the
substituent was not observed.
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Introductions. 3D models of cell culture are closer than 2D models to the surrounding
conditions of solid tumors in vivo and are broadly used for cytotoxicity and tumor
chemoresistance screening. Platinum (llI) complexes used in clinical practice have serious
side effects and high toxicity, which limits their use and encourages further search for new
active compounds containing platinum and having better tolerability. This work presents
platinum (IV)-nitroxyl complexes containing residues of aliphatic carboxylic acids (acetic
(VS118), butyric (VS146), valerian (VS131) as axial ligands, and Satraplatin (JM216) that are
chemically more inert compared to platinum (II) complexes and hence have lower toxicity.

Purpose of research. Studying the cytotoxic effect of platinum (IV)-nitroxyl complexes
on tumor spheroids compared to monolayer of cervical adenocarcinoma Hela.

Materials and methods. Experiments were performed on Hela cells grown both as
monolayer (2D) and spheroids (3D). Spheroids were grown in agarose forms made with 3D
Petri Dish 12-256 moldings (Microtissues, USA). Platinum (IV) complexes with the common
structure of Pt(IV)(NH,)(ReNH,)CLX,, where ReNH, is a nitroxyl radical and X is an axial
ligand, were applied to 2D and 3D cultures for 24 h. Cisplatin was used as a comparison
drug. The viability of cells was evaluated with MTT-test.

Results. Tumor spheroids (3D) are more resistant to platinum (IV)-nitroxyl complexes
than 2D culture. Various resistance degrees were demonstrated for compounds with
different structures: for the complexes VS118 and VS131 the ratio between IC50 values
for 3D culture and monolayer (the resistance index) were 1.4 and 1.7, and for VS146 and
JM216 complexes the resistance indices were 2.0 and 2.5, respectively. Cisplatin exhibited
the highest resistance index of 3.6. Our findings show that new compounds, aminonitroxyl
complexes of platinum (IV), have lower resistance indices for tumor spheroids compared to
cisplatin, which might be the result of their higher penetrating ability in 3D culture and it will
explain their higher cytotoxity on spheroids.
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At the present time, the most effective filters for water treatment are membrane filters
of osmotic action. We have developed a disk membrane, which is a composite material,
the matrix for which creation was high-silica glass (PG), obtained by etching in a solution of
hydrochloricacid HCl of two-phase sodium borosilicate glass (ABS) of the original composition
7.6Na,0-20.4B,0,-71.9Si0,-0.1A1,0, (mol.%) [1, 2]. Such high-silica PGs are chemically and
biologically inert, have good longitudinal elasticity (Young’s modulus = 23.9 GPa), and have a
surface that can be easily modified. The obtained PG was modified by a silicon-molybdenum
polyoxometallate, the bioactivity of which was previously studied against the gram-negative
bacterium Escherichia coli, strain ML-35p; Gram-positive bacteria Listeria monocytogenes,
strain EGD. Structural characteristics of the obtained composite: specific pore volume of
0.232 cm?/g, total porosity of 34.4%, average pore diameter of 7.9 nm, specific surface area
156 m2/g. The membrane fungicidal properties were studied in relation to the fungus of the
genus Candida, Candida albicans species in the laboratory of bacteriology of the Russian
Research Institute of Hematology and Transfusiology of the FMBA of Russia. The test data
showed high bioactivity of the obtained composite, which was confirmed by the complete
death of colonies of the fungus of the genus Candida, as well as by the presence of a zone
of suppression of the growth of Candida albicans colonies on agar-agar (a zone of growth
inhibition - 3 mm).
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With Pyridine Moieties Using Cyclic Voltammetry
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The search for novel antioxidant express assays as well as for polyfunctional antioxidants
is still of great interest [1]. Novel ligands 1-6 and their hydrochlorides 1a-6a containing
N-donor pyridine rings and 2,6-di-tert-butylphenols fragments were synthesized and the
electrochemical properties of these compounds were studied by cyclic voltammetry (CV)
method. The feasible schemes of redox-transformations were proposed.
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Antioxidant activity of 1-6 and 1a-6a was measured using electrochemical method [2]
based onthereactionwithstableradical 2,2-diphenyl-1-picrylhydrazyl (DPPH) rate measuring.
It was shown that the redox behavior of phenols as well as antioxidant activity strongly
depends on the structure of pendant in para-position and the length of hydrocarbonyl linker.
The compounds 4-6 and hydrochlorides 1a-6a demonstrated high activity. The correlation of
redox-properties and antioxidant properties was demonstrated. The data of electrochemical
study are in accordance with the results obtained spectrophotometrically in CUPRAC test
thus proving the efficiency and reliability of approach proposed.
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Histone deacetylases (HDACs) are the family of enzymes playing an important role in
the regulation of various cellular processes including cell proliferation and differentiation.
Expression and activity of HDACs are increased in many tumors. Therefore, HDACs are
considered as the promising molecular targets for tumor therapy. Great attention is paid
to the class of hydroxamic acids, well-known HDAC inhibitors, for the development of
anticancer therapy. It is known that HDAC inhibitors potentially improve the effectiveness of
chemotherapy with anticancer drugs of different classes. Some representatives of this class,
such as Vorinostat, Panobinostat and Belinostat, show high antitumor activity in vitro and in
vivo and are approved for clinical use for the treatment of cutaneous T-cell lymphoma [1].

Here we describe a new hydroxamic derivative of tartaric acid, NI,N4,2,3-
tetrahydroxysuccinamide (THSA), that contains two hydroxamate groups. The aim of the
work was to study biological activity of THSA in cancer cell cultures in vitro: i) THSA effect on
viability of cancer and normal cells, ii) THSA ability to affect toxicity of platinum complexes
towards cancer cells; iii) influence of THSA on cell cycle and apoptosis of cancer cells.

Experiments were performed on cell lines M-Hela (human cervical carcinoma), MCF-
7 (human breast adenocarcinoma) and Vero (monkey African Green kidney). The viability
of cells was evaluated with MTT staining. Cell cycle was studied with flow cytometry after
propidium iodide DNA staining. Apoptic cell death was determined via detection of cleavage
of proteins PARP and caspase-3 by Western-blotting.

THSA was shown to have higher toxicity towards tumor cells in comparison to normal
cells. Normal cells were found to be more resistant to combinations of THSA and platinum
complexes than tumor cells. THSA exhibited strong synergism with platinum complexes, and
these combinations induced apoptosis in cancer cells.
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In experimental and clinical oncology, the question of the sensitivity of malignant
neoplasms of a number of nosoologies to the use of various therapeutic agents is very
important, in particular, at the stage of neoadjuvant therapy. One of the indicators of
therapeutic response is a change in the spectrum of temperature fluctuations in the area of
tumor growth. The dynamics of changes in thermograms under the action of the following
drugs was studied: aranose, ormustine, lysomustine, nitrulline. funds from this class [1].
Taking into account that the drug causes the death of melanoma cells by the mechanism
of apoptosis, and not only the external, but also the mitochondrial signaling pathway is
activated, there were grounds to believe that ormustin directly or indirectly changes the
cell bioenergy and, therefore, this can be detected by functional microwave thermography
[2]. Thermograms of a number of transplantable tumors were recorded: Lewis epidermoid
carcinoma (LLC), RL-67 and B-16 melanoma in mice administered with ormustine at a
therapeutic dose (125 mg/kg). The change in the nature of the thermograms of tumors
under the action of ormustine was different for different types of tumors. The most
significant response was observed for LLC’s tumors - an increase in the trend of 1.5 ° Cand an
amplitude of thermal fluctuations of 3-4 times. For the RL-67 tumor, these figures were 0.4
° Cand 1.5 times, respectively. We received a weak response to changes in the thermogram
on melanoma-B16, which may indicate that in the mechanism of action of ormustine on
B-16 melanoma, the specific contribution directly from bioenergetic processes and / or
microcirculatory processes is insignificant. Interesting thermograms of the LLC with the
action of aranose. Stable, quasi-periodic fluctuations in the tumor growth zone, caused by
the action of aranose, were observed. The study of their nature requires further research.
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Breast cancer (BC) is one of the most common types of cancer, along with lung cancer
in 2018, 2.09 million new cases of morbidity and 607 thousand deaths caused by BC were
recorded in the World according to WHO statistics [1].

Nowadays selective estrogen receptors modulators (SERMs) are effectively used
in the treatment and diagnosis of hormone-dependent BC, they reduce the number of
estrogen receptors in BC cells, which results in to a decrease in proliferation of atypical
tissues and shrinking tumors.

Tamoxifen (TAM) is the first SERM which was obtained in the last century, and more
than fifty years has been the standard for the treatment of BC. However, resistance to
tamoxifen occurs after long-term treatment and it becomes ineffective. Moreover, the
risk of developing pathology of the uterus among women taking tamoxifen is significantly
increased [2].

So, Japanese scientists have synthesized 4-hydroxytamoxifen derivatives, which possess
antagonistic properties in MCF-7 BC cells [3]. Twelve new pyrrolidinylethyloxy and piperidinyl
ethoxy derivatives have been synthesized and showed the best antiproliferative activity
[4]. A number of TAM derivatives are patented [5]. More recently, derivatives that are not
inferior to TAM and fulvestrant have been obtained [6]. The TAM’ triazolyl derivatives also
showed high inhibitory activity against BC cells [7, 8]. At present, tamoxifen analogues have
been obtained with an activity in 1000 times higher compared to TAM [9,10]. In addition, it
has been demonstrated in recent papers that hybrids of other classes with tamoxifen have
great potential [11, 12, 13].

The aim of further research is creating a fundamental new types of anticancer drugs
— hybrids of steroid estrogens with tamoxifen, and studying their biological activity in
preclinical studies.
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Tantalates YTaO4 yttrium and LaTaO4 lanthanum nanoparticles were received
using radiation technologies from the targets produced from specified tantalates in
microdimensional condition [1]. The received samples are powders with an average particles
size of ~5 nm. According to the X-ray phase analysis and elektronografiya of nanopowders
(NP) contain samples crystal and amorphous components. NPs placed in penicillinic vials
with gel were photographed on the x-ray film. It is established that nanosuspension have
more contrast, than the gel tantalic X-ray contrast means (RCM) containing substances on
the basis of micropowders.

RKM contains tantalate NPs, and gel-forming organic component. The main problem
which managed to be solved, consists in possibility of use as the agent for contrasting
tantalates rare-earth elements in the form of nanoparticles with the average size of ~5
nm in a wide energy interval of the x-ray radiation, covering all range of energy of x-ray
radiation for medical x-ray diagnostics. There were experimentally established interaction
conditions of tantalates nanoparticles and the liquid dispersive environment in the form as
an organic component. High sedimentative stability of means is apparently the consequence
of generation on the surface of the adsorptive layer particles owing to sedimentation
molecules of the organic component which existence complicates possibility of particles
adhesion and consequently also formations of agregates.
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Pa3paboTka TexHONOrMm co3gaHmMa NPOTUBOOMNYXOEBbIX BAaKLMH Ha
MOZENU MbILUMHOW MeNaHOMblI

BbapbiwHuKoBa M.A., Koco6okosa E.H., Kocopykos B.C.

®rey «HauyuoHanbHeIl MeOuyuHCcKUl uccnedosamesnnsckuli yeHmp oHKono2uu um. H.H.
bnoxuHa» MuH30pasa Poccuu, 115478, Poccus, Mocksea, Kawupckoe wocce, 24

MmMmyHOTepanma — akTMBHO pa3BuMBaloLLeeCcA HanpaBaeHMe eYyeHNA OHKONOTUYEeCKMX
3abonesBaHunit. B nocneaHue rogbl B Mnpe ycnewHo npoxogAat JOK/IMHNUYECKNE U KanHn4e-
CKune ncnbiTaHMA NpoTnBOoONyxosiesble BakKUMHbl Ha OCHOBE HEOAHTUTEHOB ANA NepPCOHaN-
3MpOBaHHOﬁ Tepannu onyxoneﬁ, COo34aHne KOTOpPbIX CTa/10 BO3MOXHbIM 6narop,apﬂ HOBbIM
AOCTUXKEHUAM B 061aCTV NONHO3K30MHOTO CeKBEHMpOBaHUA U 6VIOMH¢0pMaTVIKVI. Mpea-
CKasaHue Hanbosee MMMYHOIeHHbIX ON1A KOHKPEeTHOro nayneHTa He0aHTUreHoB NO3BONAET
CO034aTb NeNTUAHYHO BaKUUHY, YyCUIMBAKOLWYHO UMMYHOTEHHOCTb ONyXOo/1u.

Lenb uccheposaHma — pa3pa60TKa TEXHO/NI0TNUU CO3a4aHUNA I'IenTVIAHOVI HEeOaHTUreHHOM
HpOTMBOOHyXOHEBOVI BaKUMHblI HA mogenun MbILWHOM MelaHOMbI.

Martepuanbl u metogbl. MenaHomy B16F10, nonydyeHHyto oT mbiweit C57BL/6, cekBeHu-
poBaan no npoTokoay Sequencing in Rapid Run Mode Ha nnatdopme Illlumina HiSeq2500.
Mony4yeHHble AaHHblE UCMOMb30BaN AA BbIABNEHUA MyTaUMA U NPeAcKasaHUA UMMYHO-
reHHbIX NenTnaos. MpeackasaHHble NenTuabl CUHTE3UMPOBAAN Ha NenNTUAHOM CMHTe3aTope
ResPep SL (MpousBoguTens: Intavis, Germany) co cTaHAapTHOW KoHoUrypauuen (24-kono-
HOYHbIM 10 MMKPOMONAPHbLIN cuHTe3). Ha mbliwax C57BL/6 oueHuBanu sddekT mogenei
BaKLMHbI, COAEPKALLMX Pa3HOe KoAu4ecTBo nentuaos, no 100 MKr Kaxgoro nentuaa Ha
MbIlWb, B KAYecTBe agbloBaHTa ucnosb3osanm Poly(1:C) no 50 mkr Ha 1 go3y. Uccnepyemsble
MOZAEeNN BaKLUMHbI BBOAW/IM NOAKOXKHO, UMMyHM3auuto nposoanan 8 0 n 7 geHb, Ha 12 aeHb
Mbllam nepesnBanun onyxoab menaHomy B16F10 B Koandectse 75 TbiC. KNETOK Ha Mbillb,
noc/ie Yyero ewe ABakAbl UMMYHM3MPOBaAU Mbllek Ha 14 n 21 aeHb.

Pe3synbratbl. NonyyeHbl gaHHble NGS TPaHCKPUNTOMOB W 3K30MOB HOPManbHOW U
onyxonesoi TkaHel Mmblwei C57BL/6. Ha ocHoBaHuM 6MoMHbOPMaLMOHHOrO aHanusa
MONYYEHHbIX Pe3yNbTaToB ObIN0 BbIGPaHO 44 UMMYHOFEHHbIX NENTUAA ANA CUHTE3a U IKC-
nepumeHTanbHOM NpoBepku. Mogenb BakuMHbI, cogeprkawan 18 nentuaos u Poly(l:C) oka-
3a/1acb Hanbonee aPpPeKTUBHON: TOPMOKEHUE pocTa mesnaHombl B16F10 coctaBuio 95%, y
50% »KMBOTHbIX ONyX0/b He pa3Buack B TedyeHne 90 agHel HabatogeHus.

3aKkntoueHune. PaspaboTaHHaA mogenb NenTUAHOW HeoaHTUreHHOM MepcoHaNU3npo-
BAHHOW NPOTMBOOMNYXO/IEBOW BaKUMHbI MOKasana 3¢pPeKTMBHOCTb B MPOPMNAKTUYECKOM
pexume y MbllLei C MeNaHOMON.
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UccnepoBaHue BAMAHMA COCTaBa IMNOCOMAJIbHOIO Npenapara Ha
nposAB/ieHMe MeCTHOro nedyebHoro a¢pdekTa

LLly6enkosa E.I.%, Yy O.N.2

1@Prb0y BO «OmcKuli 2ocydapcmeeHHbIl mexHuU4ecKuli yHugepcumemy,
Poccus, 2.0mck,np. Mupa, 11
2Co4uHckuli uHcmumym (¢punuan) PY/H, Poccus, 2. Coyu, yn. Kyiibsiwesa, 24

Ha ocHOBe MacnsHbIX U BOAHbIX IKCTPAKTOB NPUPOLHbIX OPraHOMUHEPaNbHbIX 06pa3o-
BaHWI MOMyYeHbl IMNOCOMAsbHbIE CTPYKTYPbl, KOTOpble NpeacTaBaAloT cobol HaTypasb-
Hble komnosuumu [1-2]. CogeprkaHMe OCHOBHbIX KOMMOHEHTOB B MOJYYEHHbIX NpenapaTax
BapbupyeTcs B npegenax 20-25% nnnodpunbHol ¢pasbl, 64-74% rugpodumnbHoit dpasbl, BCro-
MoraTe/ibHbIi KOMNOHEHT — 5-10% cTabuamsatop Ha ¢ochonnnuaHoi ocHose — 1%. [Ona
n3yyeHuA 3G GEeKTUBHOCTM TPaHCAEPMAIbHOM AOCTaBKM BUONOTMYECKM aKTUBHbBIX BELLLECTB
pasfMYHOM NPUPOAbI C NOMOLLBIO MOAYYEHHbIX IMMOCOMAbHBIX YacTUL, MCNOb30BaAU
npenapatbl ¢ rMAPodUNbHbIM (BOAHbLIA KOMNIEKC F'YMWHOBBIX KMCNOT) U NUNOPUABbHBIM
(BuTamuH E) BCMomoratenbHbIMWU KOMMOHEHTAMMU.

MccnepoBaHUA NMNOCOManbHOM MpenapaTMBHOM GOpMbl Ha MPOABAEHME MECTHOrO
neyebHoro u obweburonormyeckoro adpdeKToB NPOBOANAM C MOMOLLBIO aNNANKaLMKN npe-
NnapaToB Ha KOXHOM MOBEPXHOCTU 6enbix 6ecnopoaHbIX Kpbic-camuos, maccoi 200-300 r.
YpoBeHb NMNUA0B ONpesensinn MeToAOM TOHKOC/IOMHOW XpomaTtorpadum Ha nNaacTUHKax
«Sorbfil» pasmepom 10 cm Ha 15 cm. PasgeneHune HeWTPanbHbIX AMNUAOB NPOBOAUAMN B
cucTeme pacTBopuTenieit rekcaH/3TMnoBblii a¢up/sTMnauertaT B cooTHoweHumn 20:5:0,375,
cooTBeTcTBEHHO. O6LWMe NMnuAabl onpeaensinn KonopumeTtpuyeckm [3].

MonyyeHHble pe3ynbTaTbl MOKas3a/v, YTO MCMNO/b30BaHWE JIMMOCOMAJbHBIX Mpenapa-
TUBHbIX GOPM Ha OCHOBE JUMUAHBIX U TMAPODUIbHBIX KOMNIEKCOB, M3BAEYEHHDBIX SKC-
TparMpoBaHMemM M3 NPUPOLHOrO OPraHOMMUHEPAbHOTO CbiPbA U aKTUBHbIX A06aBOK, AaeT
BO3MOXHOCTb MOJIlyYeHUA MPEenapaToB LWMPOKOro sevyebHo-KoCcmeTuyeckoro npodunsa c
BO3MOXHOCTbIO LiesieHanpaBNeHHOr0 U3MEHEHWA WX CBOWCTB, YCKOPEHUIO pereHepaumu
TKaHeln, GOPMMPOBAHMIO aHTUDaKTepUanbHOM aKTUBHOCTM, y4aCTUIO B MPOLEeccax co3peBa-
HUWA, Pa3BUTUA U CTAapPEHMA KNETOK OPraHn3ma 4YesioBeKa 1 }KMBOTHOTO.

Jlumepamypa

[1] O.P. Chzhu, E.G. Shubenkova, A.K. Chernyshev, Pat. 2446789 RUS. Bul. invent., 2012, 10.

[2] O.P.Chzhu, E.G. Shubenkova, A.K. Chernysheyv, Pat. 2462236 RUS. Bul. invent., 2012, 27.

[3] D.L. Chukhnova, A.P. Kopieva, The changes in biochemical characteristics of surface skin lauer in
children suffering from atopic dermatitis // 14 th International Congress of Pediatrics. Tehran, Iran.
2002. P. 34-35.


https://yandex.ru/maps/?text=%D1%81%D0%BE%D1%87%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9 %D0%B8%D0%BD%D1%81%D1%82%D0%B8%D1%82%D1%83%D1%82 %28%D1%84%D0%B8%D0%BB%D0%B8%D0%B0%D0%BB%29 %D0%A0%D0%A3%D0%94%D0%9D%2C&source=wizbiz_new_map_single&z=14&ll=39.919359%2C43.431575&sctx=ZAAAAAgBEAAaKAoSCap%%3D%3D&ol=biz&oid=1913889972

410 MedChem Russia 2019




AUTHOR
INDEX



412 MedChem Russia 2019
A ANLIPOVA T 265
Antonenko T.....cccovveeeeeiieiiireeeee e 325
ADAKArOV G. ..ooovvvii 361 ANTONELS Aevoreeeeeeeeeeeeee e 81
AbaKUMOV M. ..o 82 ARtOSYUK O. oo, 92
PAY oo [o] 1= 1 OO 357 Appazova D.....ccveeeen.. 126, 154, 289, 351
Abramova T...cccvveeeeeeiiiiiieeeeeeeene 376,377  Ardashov O. ..o 131, 353
AbzZianidze V..o, 306  Areshidze Do 401
Afanasyeva S................. 148, 153,178,258  Arslanbekova V. ...o..ceeeveeeeeeeeeeeeeeeeenn. 238
Agabekov V. .....cooviiiiiiiiiiiieeeee 353 Artemyeva M. ...oooeeeeeeeeeeeeeeeeennne 274
Agafonova N. ... 25,840,149 ArtykoV A. ..c.coeveveeeeeeceereeeaeiereeeienenn, 326
Agarwal R. oo, 62 AStaEeVa M....ooeeeeeeeeeeeeeeeeeeeeen, 361
Agatsarskaya l. ..o, 134 Atochin D...ceeveeeeeieeeieeiseieeieese e 96
Agureeva A. ... 194 AULhOr C. oo 52
Akhmadiev N. ..o 204  AVAEEV D..uceeeeveeereeee e 151
Akhmetova V.......cccooeviviiniiniineceee, 204 AVEriNa Eueooeeeeeceeeeeeeeeee e 21, 82
AKIMOV M. .. 220
AKSENOV Ao 8,32 B
AKSENOVA . e 32 Babkova Ve oo 66, 155
Aksenova N.......cccceeevveieeecnee e, 59, 217 BabKOV Do 34,73, 104, 155,
AKSENOV D...ovvreiiee e 8 160, 211, 264
AKSENOV N....ooveeiieieeeee e 8,32 BachUIiN e 77,110, 123, 261
AKSINENKO A, oo, T [T KO 334
AKSINENKO Ar oo 123 BaeV Duvvverrrererrserrnersnnsennnens 390
AKUIOV A. oo 150 Bakhtiyarov Do o 297
AlekDaeVE Ao O LT VO 35, 54
AlKDAGVE G.oooere e 93 BakUlN D 238
AleShiN S, .ovviiiiieiieveveveveveveveveevevevevavaaens 324 Balakin Ko veveeooei 36, 93[ 281
Alexandrova G. ........cceeeveieviiieininienenn, 370 Balakireva O 156, 267
Alexandrova YU. .......cceeeeesseseeesssseneess 151 Balbutsky A.....overrveereieieeseieseneisinnn, 221
AlEXERY A. oo 136 Baltina L...ooovvveeeeeveoeeesieeeeeieesssiennnnns 37
Alieva T ..o, 349 Baltina L. (jr.) ceeveeeeeereeeeeeeeeeeee e 37
AlIeV O. ceeeiiieeeeeeee e 96  BarabanoV M. oo 157
AlImbarova L.......ccoccniiiiinicininn, 324 BaranovaD. .....ccccoceeeeeeeeeeiieerennnnn, 114
Alinovskaya V. ........ccovniiinnininnnes 191,397  BarmashoV A. ......cccceeveeevevecuennnns 198, 350
Alisultanova N. ....ccccoovvvieiiniieeeniieeee 33 Baryshnikova | 221
Alkubelat R. .....ccocovivieeiiieee e, 152 Basharina A. .oeoeeee e 327
AMDBrosoV |. ... 324 BashiroVa Gu...eoceeeeeeeeeeeeeeeeeeeeeeseanenns 249
Andreeva O.......ccocooveieeiiiniecciiiene 105  BaskakovaS......cceverieeveeeereeneneerenen, 38
ANAIrEeV S. .. 221 Bastrikova O..eeeeeeeeeeeeeeeeee e, 257
Andronova N. .....ccceveviereiiieeeeieee s 192 Batanova O......ccccevveeeveeveeecieecreenen, 239
Anikina L........cccuuue. 73,148,153,160,343 Batychek A......cccoevveervecriecrieieeieceen, 328
Anishchenko A........eveveeeveievererererererenenens 96  BaukoVv YU. ....ccevevevevererererenenererenenans 83, 273
Anisimova V. ....cccccceveviveinneennn, 62,69,134 Baulin V..coooooveeeeiieeeee e 369
ANISIMOV N. ..oeeeeieieceee e 333  BayKOV ..o 109
ANtipova O....cccevvvieeeieeiieieeeee e 65 Bazhin D....ccovcveevncieiiiiiec e, 158, 215



Author index 413
Bedrina E. ...cccevveeieeeeeee e 349  BrusentsoV N. .....ccccceeeeeeiiiiiieeeeeeecnns 333
Belenok M. .....couvvieeeeiieeeeeee e 105 Budko A. ..ooccieieiee e 334, 395
BeliaeV N....uuueeeeiieiiiiiinieiiinivaiaaannns 35  BUEVE..iiiiieeeeeeeeeveveeeeeveveeeverenenens 164, 284
Beloglazkina E.........ceeeeevevevcveeeeiiieeens 329  BukharovS.......ccviiiiinieenieenieee 336
Belova A...cooeeeeeeeieeeeeee e 109 Bukhman V..., 376
BelOV D. ..veviiiiieiiieeeiiee e 286 BunevA. ..., 165, 166
Belozerova K. ....coccveeeeeeeeeivieeeeeiee e 92 BuravlevVE......coevvieeeiiieenn, 41, 335, 340
BelyaeVv D....ccveeeeieeeeeeee e 159 BurgartYa......... 25, 40, 108, 149, 158, 162,
BelyKN D..voveeeeeieeeteeieee e 17 182, 193, 208, 215,218, 274, 276
Ber A. 329 BUFIlOVA E....vvee e 336
Berberova N.......coevevevennne. 283,387,389 BurilovA. ..o, 336
Berishvili V. .ocoveieieeenc e, 98  BurtasovA. ..., 156
BErseNeva D....c.oveveueeeeeeeeeeeeeseeeeeeenns 348 BUrYBING..ooi 205
Beryozkina Te....ceeeeeeeereeeieecree e 35,54 Butorin b, 167
BESSONOV L. weveveeieieiiiiieeeeiiesieseesenens 231  BychkovskyP......... 168, 303, 304, 308, 397
Bezborodova O. .......eeeeeeeeeiciriiieeeeeens 84
Bezhin Ao 396 C
BezZNOS O..cvvvvvvvvevireiieiieieeeeeteeeeene, 73,181 Chaley V. oo 334, 376, 377
BezSONOVa E.....oovvviiiiiins 73,160 Chaprov K. ....coooooemveeerreonereessreenssenns, 123
Bezuglov V. ..o 220  Charushin V..o 23, 38, 53, 58, 72,
Blokhin M. ...ooviiiiiieeeeeeeeee, 161 104, 127, 138, 150, 159, 190, 210,
Bobkina M. ..c.ccocvrviiiieiceeeeeee, 392 230, 232, 233, 244, 269, 285, 287,
Bocharova O. .......ccceviinennne. 330, 331, 333 290, 300, 310
Bocharov E........cccocviiniiniiniini, 330,331  ChashchinaS. ..ccoeeeeeeeeeeceeeeeeeeean 97
Bogdanova E.......ccoovveiniiiiiniiininiins 85  ChekerdaE.....cococeveveveeveeeieieeesnene 237
BOgUSh E. ., 327 Chemeris G.....cccovevveereeeeeeereesreeeienans 327
BOGUSh T oo 327,355  Chenysheva G. .....coevveeveeeeeeeeseenenens 96
BOBUSH T. oo 278  ChepanovaA. ......cccceeune. 117, 188, 234
BOjkO B 33 Cherepanova [ O T 169
Boltacheva N. ..o 53 Cheresiz C...ocoveeeveeeeerieiecesieeienes 135
Boltneva N.............. 77,108,162, 208,214  Chernyavskaya E......cccooevveirvevireinennnn. 194
Bondarenko E. ......cceeeveeeiecinieieeceeens 226  Chernysheva M......cccccovvvvereenvceeeiennne, 334
Borisevich S. ..o, 39,213,251  Chernyshevs. ....cccoveeeveieesiereeeienne, 170
Borisova L. ....cccoveveuiiniininnnen. 198,350,360 Chernyshova E......ccccoceevreveerereenneninnene. 87
Borisova M. .....ccoocviviiiiiiiiiiiciiiiies 354  Chernyshov V......cccoveveeveeieeereccreenens 337
Bormotov N. ....coovvieriiiiiiie e 114 Chesnokova N......ooovvveeeeeeeeeeeinnn, 73,181
BorodulinaT. ....cccouvvieeieeiiiiieen. 366,372  ChiStOV A.....coveeeeeeeceeeeeeeeecee et 237
Borovikova L. ceceeeveveeeeereeennn. 332,385,388 ChizhOV D..uvvvvveeeveeeeeeeee e, 113, 159
Borovkova N. ......ccccvveeeeeeiiiirieeeeeeeenns 347 Chukicheva l. .................. 41, 186, 256, 340
Borozdenko D. ......ccoceeeeeieeeinineennn. 83,273 ChulakoVE.....ccccovvuvvvreennnnn. 125,171,172
BortnikoV N.....coooevvveieiiiiiiiiiiec s 115 Chupakhin O. 13, 23, 25, 33, 38, 49, 50, 85,
Boukhvalov D......ccooeveeeeeeee 113 104, 113, 124, 127, 138, 150, 173,
BOVING E..uvve e 123 183, 185, 210 211, 232, 233, 269,
Boytsova E.L. ..cccovviiiiiiicicee 163 272, 277, 285, 289, 290, 310, 392

Breygina M. ...cooovviviiiiiiie 356

CoMbES S oo 9



414 MedChem Russia 2019
D Elkina N.....coeeureennne 40, 108, 162, 182, 208
EMelianov V. .o, 49,183
Danilaev M. ......ooccviveeeieeeeeeeee e, 200 EnikeeV Koo 106, 271
Danilenko E.......cceccuveeeeciieeecieee e 301 Eremeev A. 404
DANIIKO Kevoooi O 3001 O 341
Danilova L..eeeeeeeeeieciiieeeeec e, 49,92  Ermakova N 334, 376, 377
DEEVA 0. oo 178 EcaulkoVa L ovveeeeeeeeeeeeeeeeeeeeeeeeeeee, 184
Deev S... 173 Esaulkova Y. oo 176, 288
DeiChMan Z......vvviiiiins 395 EVSEEV A. oo 347
Dem!n A e 16, 42 EVSHENEEVA H. oo 211
Demina A. oo 338 Evstigneeva N. ..ovvveeeeee.. 272,274, 276
Demin A, 295
Deychman Z.......ccoceeeveeniieenieenieeeeenne 334 F
Dezhenkova L........ccceeeeciieecciiee e, 132
DIANOVA L. voverircecireieeeeeeeieeeeiennes 35  FateeVa A...ociiii 81
DIVAEVA L. weoerercencereireeeieeiseeesseeeeens 69  FAtykhOVR. oo 50,392
DIMILFIEV A, oo 22,43 Fedorchenko T ..o, 185
Dmitrieva Mmoo, 339, 346, 373, 398 FEAOroV A. ..oooviiiictieeeee e 9
DOIGOrUKOVA A. ... 115 Fedoroval......nnnn. 41,186, 340
DOIMAA G 370 FedorovaO. ..., 51, 244, 287
DOIrOSRENKO 1. oo 44 FedorovB. ... 404
DOFOShEVA L...evevevecerecieeevee e 99 Fedotov V..., 187
DOFOtENKO A. oo 115 Fedulova K. .....cccooiviniiniiiiiiiiiines 52
DorovatoVskii P. woeoeeeeoeeeeeeeee 205 Filatova E. ...cccoociiiiiiiiiiieeceeee, 287
Drannikov A. .......cccooveeeevreeeeeeneeens 175 Filatova N..oiiiiis 344, 401, 404
DrenicheV M. oo, 45,243,305 FilatovE. o, 120
DrOKIN R, 176,184,288 Filimonov A........cccooniiiiiiine, 188
Drozd Ke voveeeeeee 46,177,224  Filimonov D.......ccccoviinininiiiiciinan, 22,43
DIUK Ao 103 Filjakova V..o 53
Druzhilovskiy D.....cccceeevveeiicieeeeciiee e 22 FISNEI E. .evveeeeeeeeeeeeeee e 342
Dubrovskaya E. .....ccceeveveeveeverennene. 148,178 FominaE.....cccoooiiiiii 285
DUICh Virvvieieiciee s 308 Fominykh A. 192
DUrNeV A. oo 133
DVOFNIKOVA Lreoeeeeeereessess oo 41,350 G
Dyachenko I .....cccoeveevieeniiienieenieene 47,48  Gabbasova R. ..o 257, 281
DYakova Y.....cccoveeeviuieeeeieee e 355  Gabdrahmanova Ao 281
Dyrkheeva N.......ccccvevierniieniennenn, 45,305  Gabdrakhmanov Do 200
DZUMAN A. oo 343 Gagarin | oo 92
Dzyurkevich M. oo 179 GaidUKOVA Kereveeeeeeeeeoeeeeeeeeeseeeeeee 69
E GaidUKOV L..eveeeeiee e 133
GainetdinoV R......ccooevveveiieeeeee e 115
Efimenko N. ...cooveeiiiiieeeee, 180,222 Galieva N. cccovvvceeeeeieeeeee e 54
Efremov A.....cccooooeeiiieeeeee, 73,160,181 GalimshinaZ.....ccccccoeveiivveeeeeeeiccnnnenen, 189
EKEOVA L. evveeiveeecieeeeceee e 360 Galkina l..eeeeeeeeeciiieeeeceeeeeeee e, 297
Eliseeva N. ....cooeeeeiiiiiiieeee e 28 Galochkina A. .....ccoeeeeeiieieeen. 237, 251



Author index

Ganebnykh 1. ..cccooeiviieeeee e, 80
Ganshina T ..cccoceeeiieeiceeee e, 364
Garabadzhiu A.........coovvvvveeniieiinnn, 10, 207
Garkushina l.....ccceeevceeeeeciieeceee e, 332
GavriloV A. ... 55
GaynNanova G. .....ceeeeeeeeeeeeeeeeeeeeeeneeeeeeen 297
GazizOV D. ccocveveveveeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 190
Gazizullin@ E...cccvveeeeiieeeeeeeeee e, 183
Gerasimova E.....covevvveiiieniiniiiiee, 183
Gerasimova H. ....coceevvvvieiiieieieieeeieneeennn, 211
Gerasimova N. .....ovceeereeeveeeinieenns 274, 276
Gette v, 92
Gibadullin@ E. ....ooeveeeiiiiieeeeeeieee, 336
GileV M. oo 71
Gilfanova G. ....ccceeeeeeeveciireeeceeeeeeee, 189
Gimadieva A. ......ccooeieeeee e, 375
Glagolev N. ....cocvee i, 59
Glazyrina YU. coooeeeeeevciieeeiiecceiee e 362
Globa Ao, 343
Gloriozova T ..cccevee i 22
Glukhareva T....covvvvvevieieieieieieieien, 250, 302
GMUrenko L. .ccoccveeevciieeeciiee e 133
Goldshleger N.......coccevviiiieeniiceneennne 369
Golmakova l....ccccueeeviieeeiiee e, 344
GOIOVIN A ..o 65
Golubevall. ..........cc...... 333, 345, 346, 360
Golub N. ............... 168, 191, 303, 304, 397
Gonchar Mu....ooccvei e 81
Gonhar M. ....cooieeiiecieee e, 282
GONtSOV A. i 308
GOpPIN Ao, 106, 192, 236, 271
GoracheVv N.....ocooeeevciieeecieee e, 344
Gorbunova S. ..o evieeeeee e 55
Gorbunov E.......ccceeeeeeeiiiiieeeeee, 130, 190
GOrloV D...cooevrvveieee e 232,233
Goroncharovskaya l........ccccveevveeeennnen. 347
Goryaeva M. ...cooovvvviviiiiiiiiiiieiennnan, 193, 218
Goryunova O. ....cceveeveeeeeieeeeeeeeeeeeeeeeeeen 345
Gracheva Yu....ccccceeeeevecniieeeeeeen, 348, 356
Grebyonkina O.......cccocveeeviieeeccieecee, 100
Grechko O....coeecvveiiviieeeeee e 28
Gretskaya N. ..oooccevvviieeeiniieeceiee e, 220
Grigor'eV Ao 281
Grigoreva T. ....ueveeeieivieiiieeee e 194

Grigoriev V..o 21,82

415

Grigorkevich O.......oocvevevvieeeeciiee e, 195
GriN M. oo 56
Grishaev D. ....ccceeeeiievcieeeeeeeceee, 281
Grishanina A. .....cccooeeeiiieeee e, 355
GrishKO V.....ovveeieeiiiieeeceee e 57
Gromova M. .cccoeiiiiiiiiiiiiiiieieieeeceeeceeeeeees 27
GruzdeVv D. ....oovevveveeeeeieeieeieeinens 16, 58, 125
Grzhegorzhevskii K. .......cccceevuveenn. 92,196
G. SOIYUS ..ot 65
Gubaidullin A .....oooeeeeieeee e, 200
GUbANOV A. ..., 120
Gudasheva . .......covveveeee 79, 133, 174, 195,

265, 364
GudashevaT. ....ccccoevieeeccieecciee e, 11
Gulyaev M. ..o, 333
GundalasS. oo, 210
[TV TR\ 1 A 17, 197
Guselnikova To...eeeeeeeeecciieeeee e, 292
Gusev D. ...cooeeeeieeeeee e, 198, 349, 350
Gushchina l......ueeeeiieicciieeee e, 199
GUS'KOV V. e 76
Gyrdymova YU....cccoeecveeeecieeeecieee e, 100
H
HalderS. ..., 101
Hasanova O. ....cooeeviiiiiiiiiieeeeeeeeeee, 59
Hawash M......ccceiiiieeceee e 61
Hochenkov D. .......cccceeeeiiieeeieee e, 349
|
lanalieva L..................... 126, 154, 289, 351
lbragimova A. ......cccceeeviiee e, 200
lezhitsa l. cocvveeeeeeeieiieeee e, 62
Igdisanova D. .....ccocveeveeriiieenieenieeeene 183
Ignatenko N. ......ooociiiiieeiiiieee e, 155
Ignateva E........cooeeeeevnii, 352, 395
Iksanova A. ......coovvvirivieeieeeieree, 36,179
I'inal. 353
IPVES V.t 407
llves V. 393,394
INYUTING A. oo 392
Isagulieva A......cceoiieeieeniieeeeeeeee 132
Isaguliyeva A.......oocoeeeeniiieeiniieeenieeene 298
Ishmetova R.......ccoeviiiiieeiienee, 155, 211



416 MedChem Russia 2019
IShunina T. oo 396 KatzE. 88
ISMAIl Nuoiiiiiiieeeee e 62  KayumoVv A......ocooiiiiiiiiieee e 103
Ivanenko M.......ccccccvveeeiiiieccieee e 242 KazaK A...oeeeeeeeeeieeeeee e 403
IVankin D.....occveeevcieeeeeeee e 354 Kazakova O. ....cccceccviveeciieieeeee e, 247
IVanova A. ...ooveeeeiiiirieceee e, 40,52,183 Kazeev l....ccooovveeeeiiiiiiiiiiienneeeeeenenne 330, 331
IVANOVA E. ..cocvveeieiiieeeeee e 383 Khachatryan D. ....cccccevvivvieiniiienieenane, 226
IVANOVA A. ...t 201  Khaidukov S. .....ccoooiiiiiiiiiiiiieeeee 89
IVANOVA Tuueveeeeieeeeieeee e 123  Khairullina R. ..cccveviiieeeieeeeee e 203
(12T oLV TR 90 Khairullina V.....coooeeeeiveeeeieeeen. 203, 204
IVAaNOV R..oveieiieeeceeeeee e 55  Khaliullin F. coooveeeeeieceeeeceeee e 69
IVANOV S. e 22  Khalymbadzhall......ccccocovveeeinienns 50, 392
IVaNOV V. oo 181,308 Khamatgalimov A. ........ccccceviiinnnen, 200
IVaNtSOV E. ..occvveeiiiieeeciiec e 368 Khamidullina L...................... 205, 259, 299
IVOIlOVA A. ., 201 Khammatova L......ccoovviriiiiciiiciinnne, 87
1ZMESE'@V E...veevecveeveeeeeeeee e 64 Khamraev V..., 32
[ZMES'EV E.oveeeeeeee e 100 Kharitonashvili E.........ccccceeviviiiiniinnnnne. 356
Kharitonov Yu. ....ccccveeeeeiieeciiiieee e 27
J Kharlamova T.......cccceeeeeieeiviiee e 357
JAVEA F. oo s 202 KPASANOVA oot 138
JEKEOVA Lt e seeeeeeessesessseeeeens 346 KNASANOVA. oo 210
jochmansD. .. 243 Khatsko S. ...cccuvveeiiieeeeeee e 250
Khayrullina V......ooovieniiiinieeiieneceen, 375
K Khlebnikov A........ccoeeeeivieiieeeciee e 96
Khochenkova Y.....cccooeveeeivnnnnennnn. 165, 166
Kadirov M. ....ccooiveiieec e 336 KhochenkoV D..oeeeeeeeeonnn, 165, 166, 358
Kalaba P. .. 75 KhokhlacheVa E. oo, 328
Kaledin V. ..o 305  KhomenKo T ooeeeeeeeeeeeeeeeeeeeeeeeeeeeeans 206
Kalinina T. ..ocevieiieiieeeeeeeeeeee, 250,302  KhoninaT.eeeeeeeeeeeeeeeeeeeeeeeeeenns 13, 85, 272
Kalinin S. cuvveeeiieiiiieeeec e 109 KRONINGT, ceeeeeeeee e e e e 242
Kaliuzhny S......ovveiieeeee e 355  Khrabrova A....eeeeeeeeeeeeeeeeeennnsnnnnnnns 359, 406
Kalmikov S. ....ooooveiieeeeeeeeeee e 236 Khrol D..oooeeeeeeceeeceeeeeeee e 207
Kalmykov C. .....cocooviiniiiiiiiiiiiiciics 90  Khrustalev V.....ccooeeeeeeeceeeeeceeereenne, 205
Kaluzhny D.....coeeeeiieeeiiee e 26,132 Khudina O.....ccceeevvvreenneee 40, 108, 208, 218
Kanygin V. ...coeeeiiieiiiieeneeeciieeee e 292 Khusnutdinova E........cccceeeeeeiiveenneenne, 247
Karapetyan R. ......ccccceviiiiiniiieniiieeene 229 KhVOStOV M....cocieeeieceeeceeeieeieeve e 161
Karasev D......cccccvviiiiiniiiiiiiiicciiicce, 43 Kiryhin O..cccceeecieeeeeciecee e 236
Karimova T. ....eeeeieiiieiieee e 297  Kiseleva M. .....eevevevevevennnnnnnnns 198, 350, 360
[ &= [ [0 )V 21,82  Kiseleva N....ooovveveeeeieiiiiieiiieeieeeeeeeeeeenenens 83
Karmakova T. .....coocciiiieeeeeecciieeee e 84  Klichkhanov N........cccoveeeeeeeiiccirreeneenn. 361
Karpova E.......c.ceevviveeiiniiieeeeeeeieeee 371  Klimochkin Yu. c.ccoocivviiiieccieee e, 111
Karpova R. ..ccovvvvveiiiiieeieiiiiiieen, 330,331  KIMova T .o, 152
[ 1 {01V 1 - VA 292  KlochkovS. .....cccvvvevnnnneee 14, 148, 151, 153,
KashapoV R. ......ccccveeeeiieieecieee e 260 178, 258, 343
KasyUK A. ..oooeeeeeeeieeeeeeee e 308 Knippschild U.....cooociviieiieiiiieeeeeiieeee 54
KataeVv V. ..ueeeeeeeieeiieeeee e 105 KochetkoVv A.......ccccoevveeecrieeennen. 154, 351



Author index

Kohan A. ... 191, 303
Kokhan M. .......ccocoieeeeiee e 272
Kolegova T.....covveeeieenieceeenec e 186
Kolesnikova T. .....ccoeeeecieiivcieee e 259
Kolomatchenko A. ........coociiiieiiienins 243
Kolomiytsev S. ....ccveeeecieieccieee e 327
KolotaeVv A. .......cooieeeeiee e 226
Kolpakova E. ......cocevevieniiiiiienieceeee 86
KOomarova A. ... 45
Kondratenko R......ccccceeeeeieiciiiiieeeeecens 37
KonNnova G. ... 209
Konovalova A.......c.cceeeevviieiiieeeciieeee 362
Konyaeva O.......ccccvvveevernnnne 334, 376, 377
Kopchuk D......cceoveuvveeeiieen, 138, 210, 232
Kopitsyna M......coccveeviiieiiniiieeiieeeee 231
KopYIOV A 65
Korchagina D. ............... 117, 206, 234, 255
KOrel A e 95, 309
Kornilov V....ccveee e 134
Korobanova A. .......cccceeeeevcciveeeeeceecnns 212
Koroleva A. .......ooccveeeeciee e 186
KOFOIeV V...eeeeieeeeeee e 380
Korolkov L......evveeciieeeceee e 120
Korolyova M. .....cccoveeeecieiicieeeecieeeeae 125
Korotina A..coeeiieiiieeeeeieeeee s 211
KorotkeVich E.......cccooeevveiiiieecieeeee, 84
Korsakov M. .....cccvviieeeiieeieeeee e 109
Korzhova K......ooooviieeeeieiceeeceeeee 383
Koshevaya E.......ccoocveeeeeeiciiiiieecccens 212
Kosolapov V. ....ccoveeeecieeeceeeeeee e 66
KoStarev A.......eeeiens 221
Kosterova R......ccoovvvvvvviiicienieenennne, 191, 397
KOSEin AL e 347
Kostochka L.......cccovvveeeeeeicnnnneen.. 363, 364
Kostochka M. ......cccueeeecieiinieeeeciieeee 363
Kostryukova L. ....ccceeeeiieieiiieeeieeeee, 84
KOoStyukov A. ....cooveveeiiiiieeeeieeeeee 44, 280
Kotikova A.......ooeeiiieeieeeee e, 85
Kotovskaya S........coccveevveeennnns 66, 104, 230
Kovalenko L....coeeeveveeeveeeeeeeeeeeeen, 383, 399
Kovaleva N.....ccoooeeveennnnn. 77,108, 214, 261
Kovaleva K. .....ccooocveeeecieieeeee e 135
Kovalev L. ...ccceeeeiiieeeeee e 138
KOValeV S. ..oooieeeieeeee e 329

Koval’skaya A. .....ccoovvevcieeeeiiieen, 213, 251

417

Kozhemyakina N........cccoeiiiiiieiiiieenas 55
Kozhikhova K. ......cccceveviiiiirieeccieen, 221
Kozhukhar V.......ccccoeeeeiiiieeecieees 97
Kozitsina A........cooeeveeininnnnn. 88, 227, 262
Kozitsina A. ..oceeeiieiieeeeee e 201
Kozlovskaya L........cccovvevieeeiecnnnnnnnn. 91, 243
Kramarova E. .....cccoeeevvviieiiiineenennnens 83, 273
Krasavin M. ....cooooiiiiiiiiiieeeeeeee, 15
Krasilova A. ......oooeeiiiieeeeeeeeeieeeee e 372
Krasnikova N.......ccccoceveeviieencieee e, 365
Krasnikov S.......coooviciiiieeeiieeciieeeee e, 365
Krasniuk 1. ...eeeeeeeenennnnnnnes 339, 373, 398
Krasnova A, 97
Krasnov V. ............... 16, 42,58, 72, 80, 125,
171,172, 238, 295, 296, 300

Krasnykh O......ccccceevvveennnnen. 25, 53, 68, 400
Kravets O. .ooooveeveiiiiiiieieieeeeeeeeeeeeeeeeee, 308
Kriveleva A........oooocciiiieeeiieeciieeee e, 280
Krivirotov D....cooveeviiiiiiieeeeeniieeeee e 225
Krivoshapkina E. .......cccccovvveeiveeeecnnennn. 212
Krivoshapkin P.........ccocceviienneiiniennenn. 212
Krutikov Veueee e, 341
Krylova L. ceeeeeeviieiiiiicciiee e, 366, 372
Kryzhanovskii S. ......ccceeeeiiviecieeeeieene 195
Ksenofontova T......cccceeeeiieeecnieeecneenn, 356
Kucheryanu V.....cccccovvvvvcveeencnnenn. 330, 331
Kucheryavenko A. .........cccveeeeiveeenns 69, 155
Kudrin V. .. 364
Kudryavtsev K. .....cccoeeeevveeeecieee e, 387
Kudyakova Y......coooviiiiiieeiieciiieeee e, 215
Kudyakova Yu.......cccceeeeiieriecieee e, 158
Kukovinets O........cccoeeeeviieeecieeecieen, 249
Kulbachevskaya N................. 334, 376, 377
Kulikova L. ..coeeeeeeieeeeeee e 45
KUBKOV Peeveeeciee e 326
Kuranov sS......cooooeiiiii, 161, 216
Kurdymov L. c.cveeeiiieeeiee e 364
Kurkin A. ............... 170, 181, 241, 286, 291
Kuryanova A. ..o, 217
Kushakova A. .......ccooeeeeieiiiiee e 55
Kushch S. ...ovveveeiieeeeeeeeeee, 193, 218
Kushnazarova R. ......ccccceeeeevunnnennn. 219, 228
KUSE N. e 94
Kutchin A. oo, 17,41, 64, 197
Kutchin A. ..o, 100



418 MedChem Russia 2019
KUzZmin L .eeeeeeeee e 399  Lukin@a D..cooeeeceveeeeeiee e 306
Kuzmin V. ..o, 44,280 LUKIN@E. ....oovvviiiiiiiieiiieiereeeeeeeeeeeeeeeeeees 189
Kuznetsov A. .....cooooieiiiiiiiinieeniiecce 97  Lukyanchuk M. .....cccocoiiniiiiiiiieineene 325
KUznetsov S. .....cevvcieeeeiieeecciiee e 136 Lundovskaya O........cccccevevcrveeeeireeeenns 120
Kuznetsov V. ............. 71, 95, 306, 309, 381  LushchekinaS......cccccvvvvvvvvenns 77, 162, 214
Kuznetsov YU. ....cccccvveeeeiiiciiieeeee e 367 Lushnikova A........cccceeeieeiiiiiiieeeeeeeee 221
KYrova T. ..eeeeeeeeeeceiieeee e 368 LuzinaO........ 161, 188, 216, 279, 305, 354
L Lyapustin D. ....ccoovvevrvveennennne 180, 222, 307
. M
Lagunin A. e 22
Lagunin A....cccveeeeeeeeeee e 43 Machulkin A...cccvveiiieeeeeee e, 329
Lapshina M. ......cocciiiiiiiiicieeeee e, 369 Mahato A ..o, 131
(I [ ] o Lo Y21 O 407  Maistrenko V.......ccoeevveeeeeeeeecciiineeeeeen, 76
LarionNOV P. .....uueeeeiiiiiiiiiieeeceeeeev, 95,309 Majee A .. 263
Larkins M. ..ccccuvee e 253 Majouga A. ...ccveeeeiieeeeee e 329
Lavrik O..eeeeeeeeeeeeeeeeeeee, 45,117,188, 206, Makarova A. ........oeeevevvvrevverereeeereeeeennnns 223
234,279,305 Makarov M. .....ccceeeieevciiiieeeeeeeenneeee. 347
LavriK O..evveeeeieee e 135 Makhaeva G.... 77,108, 162, 208, 214, 261
Lavrinchenko I .....ccccveevcvveeennnnenn. 232,233  Maksyutova A.......cccccveeeeiieeeeiee e 374
Lavrova A. ....cooeeieeiiieeeee e 220 Malakhova N. .....ccoeeeeiiieiiiieeeec e 201
(I 1Y oLV |V O 21  Malakhov D. .....ccooeeeveeeeecnrieeenn.. 118, 119
Lebedeva D.....cooooeeveeeeeeeieeeeeeeeeeeeeeeee, 84 MaleeVvG. .. 123, 235
Lebedev L. ..cccoveeiviieeeeieeeeeee e, 301 Malysheva N....ccooovveeeiieeeciieene 227, 262
Leonova L. ...ceeeeieeiciiieiiee e 163 MamicheV L., 355
[T T - A/ 363 MamontovaE. ....ccccevvvvviviiieiiiiieneeenenes 279
Lesnichaya M.......cccoovevcieeeennnennn, 370, 371 Mamontova E. ......ccceevvvveviiiiiiiiiiinenenn, 135
LeVChUuK L. .evveeveeiiiiiiiieiecieeinnee, 366,372 ManasoVa E. .....cccoevvreeiieiiiiiiiriniieeeenn, 170
Levina L. .o 367 ManinA....veeeeeeeeeeeieeeeeees 46, 177, 224
LevitG..ooooveeeeeeeeeeeeee, 16,58,72,80,125, MarcusA. ....ccccceeviiiiiiiiiieeeeeeeeeeee, 62
171,296,300 Martinovich Nu.....eeeeeeeeecnee 225
Lezina O. .coovveeeeeeeeeeieeeeeeeeeeeeeee e 64  MartyanoVv G.....coeeeeveeiiiiieieieieeeeeeeeenenen 157
Lezina O. .cooovvveeeiiieeeeieeeceeeeeeeeeeeee, 100 Martynova Y., 375
LinC. 37 Maslova V. ....oooveeciiieeeeeeeereeeee e 53
LipatnikoV K. ....ooeeviiieeeiee e 97 Matevosyan K. ....ooocvvvveveiiiiniiiinieen e, 226
Lipeeva A. ..o, 27  MatnUroVE....ccciiiiiiiiiiiiiiicicececeeeeeeeeeee 81
Lipunova G.......ooooeeveeiinin, 185,239 Matveeva T ..ccccccuveeuenriiniiians 80
Litvinova S. ..ooooeiiiiiiii, 133 Matveeva T ., 238
LItViNnOV R. coooeiiiiiiii 104,328 Mavlianberdiev A. ......ccoovveveeeceiennnnne 226
Li-Zhulanov N........cccceeevieeeciieee e, 353  MazinaS. ..ccoeeeieeeeee e 236
(o] (o] 41V D N 380 Medvedeval....eeeveeeieieieienenns 198, 350
Lozinskaya N. ............ 34,73,160,181,293 Medvedeva M. .....ccceeeeeeevunrnnnennnn. 227, 262
(0] o 1= oll TSRS 75  Mel'nikoVE....cccceeviieiieieeieeee e, 342
LUBEC ). s 75 MenendezR. ...ocooocieeeeciee e, 235
LUBEN B. .., 339,373  Merkulova l. ...ccccoovvvriviieiiiiiinnnnns 376, 377
Lukashenko S.........ccovveeeeieennnnenen. 219,228 Merkulova N......cccoeeeeeiieiiiiieeee e 380



Author index 419
Meshkova YU. ...ccccveeeecieiecieee e 390 NaAzaroVa A. ....ccoeceeveeeeiee e 21
Mestergazi M.....ccooeveveveieieieieieienennn, 44,280 NaAzarova A. ....cceeeeeiiieieiiieieieieieieeeeeeeneenns 82
Mikhailov S. ..ccooeiieieiiiiieien. 45,243,305 Nazarovskaia D. .....ccevvvvvviveiiiiviieieinnns 212
Milaeva E.................. 18, 34, 282, 325,348, Nebogatikov V......cccceevvveveiciennnns 123, 235
356,382,403 NebytoVA......cccociieeeieee e 168
MiINGazov E. ..., 220 Neganova M. .....ccceveveeee 14, 151, 258, 343
Mirgorodskaya A..........ccceeeuvvveennnn. 219,228 Negrebetsky V....ccccooviieiiniiieininenn. 83, 273
Mironov M.....cccoeeeveieieieieiennnn. 78,152,202 NemtsOVAE. .cccooveveveeiieieieieeeeeeeeeeeeeeeen, 84
Mirzoyan R......oeeeeiieeeeiee e 364 Nenajdenko V. .....cccceevcieeeicieeeeicieeeeens 19
Mitkin O..oeeeeeieeecieeeeeee e 229  NeSterova S......ccccocveeeecceeeeciieeeeiieeenns 381
Mochulskaya N. .....ccccceeeeiiiiiiiieeeeeiis 230 NesterovD.....evevvvevevenenns 71, 95, 309, 381
MOohan G....cceeeveieeniieriee e 116 NeytsJ. i 243
Moisenovich A........ccocceeviveieeeeciieees 132 Nikiforova A.....ccccoeeeecieeeicieeeesiee s 201
MoisenoVich M. .......ceeeevviiiveeieeiieinnns 132 NikiforovE. .coovvveeeiiiiiiiieiieecieinns 232,233
MOKIOV G......c.oveveerveeeeirieees 79,133,195 Nikitina E. ..cceoeenvieeennnen.. 13, 85, 242, 272
Mordvinov V. .....ccceeeeeeeeeiciiieeee e 172 Nikitin E. ..oooeeirreeee e 382, 403
Morelli X. .ooeeeee e 9 Nikitin S. oo, 383
Morkovnik A. ......ccoovveiiiiieeeieeees 69,134  NiKitin Tueeeeeeiiee e 237
Morozkina S.....cceeeveveieieeeieieieieennn, 359,406 NikolaeV A........ccocoiveeeeeeiecinieen, 192, 236
MOIOZOV A. ... 231  Nikolaeva L. ...ccccovveeeeeiiiciiieeeeeeeeenes 398
Morozova E....ccoeeveveeeveverennn. 117,131,255  NikolaeVva Y...uueevererererernrnnnrenerenennrnnnnnnnns 237
MOorozova N. ......cccoveeeecieeeeiieeeecieeeenns 298  NIikolin Veuuueeiiieeeeiiecceee e, 305
MOSEEV T. e 232,233 NilOVD. .corieeeeeieecieeee e 199
MOSEEV T. it 210  NIizameevV l.eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 336
Moshkina T. c...oeviviieeeee e, 378  NIiZOVA . eeeeeeicieeeecee e 238
MOShKIN V. .oooeioiiiieiieeceeiiieeeeen, 164,284 NOSOVA E.....ccovvvuvvvveviieiiiinnns 230, 239, 378
MozhaitseVv E. ...ccoeeeveveieieieiiieienn. 117,234 Novikova D......cccovveeeeeeiiiiieeeen, 194, 240
MuhammedovV l........ceeeeveeineeeeeeeeinns 379  Novikova G. ...cccovvveeeeeeierieeee s 338
Mukhacheva E. .......ccccovevivciieeeciieeees 380 NOVIKOVD. oo 86
Mukherjee A.......ccvveeecieieecieeeecieee e 263  NOVIKOV V..o 86
MUKhinE. ..oooiieieeeeee s 187 NOVOSEIOV A......ooeeieeiiieeeeeeeeeeeene, 241
Mumyatova V.....occeeeveiieiiniieeeeieeeee 344 Novoselova M.......ccccovvvivieeniieneennnne. 242
MUNKUEBV A. ..o 117,234  NOVOSEIOW Ao 291
Murashev A. .....cccovveeeiieeecee e, 48 Novoseltseva A........coceeecivieeciieeeieen, 65
MUFZIN D.ooveeeeeeeeeeee e 353  Nugaygulova G......coceeevviveeiniieeeiieenn, 249
Musikhina A......cccovveeeeeeeiiiiineenen. 124,310 NurieVaE. ..ooeeveeeeieeeieeeeeeeeeeeeeeeeeeee, 136
Musiyak V. ....oeeeeiiiieeeee e, 80
MUSERFIN A covveeeoeeeeeceeeeeeee e 375 O
N (0] o oo [0 1V AN VAR 71
Oborotova N.........ccovveunnneenn. 339, 373, 398
Naplenkova P. ......ccccoceiinienieiinienneen. 364 ObydennovD......cccccoeenireniennnnen. 87, 223
Narkevich V.......coccveeeeceiivcieeeecieeeees 364  OKhina A...coooeveeeeiee e 384
Nasakin O. ....ccceeevveeeeeiee e 281  Okhokhonin A..........ccooevveiiiieeeeiee e 88
NasmMetova S.......ccoceeeecieeeecieeeecieeeeas 379  Oktyabrsky O.....ccccviiicciiiiecieeecieee, 400
Nazarov A. ....ccoceeieieieieicieieiececeeeeeens 81,282 Oleshko O. ....vveveeiiieiiieeeeeeecieee, 135



420 MedChem Russia 2019
Ol'shevskaya V. ......ccceevveeiieenieenienneenne 58 PestovA.....iii, 157
Onishchenko N. ..., 89 Petrova A....cooeevvvvvvviiieeienenn, 247, 248, 249
Onoprienko A. ......cccvvveeciiieeeciee e, 158  Petroval. .ccccceevvieiiniieieieeceeec e, 250
Onyan A. .., 221  Petrova P........ceeeeveiiiiieiiiiiiieieiiienes 213, 251
Orlov At 90  Petrov K. .o 336
Orlova MLA. ... 90 Petrov V. ...ccceiiiiiieieeeeec e 236
Orlova O. ..coovvvveeeveeeeeeeeeeeeeees 339,373,398 PirOgOV Y. .ccciiiiiiiiiieeeeeee e 333
Osipenko A. ....cccvvveieeeee e, 385 Pisarev O....ccccvvvrviiiiiiinieennne 332, 385, 388
OSIiPENKO E...ovevveiecieeceeeceeeee e 386  Pitikova O..ccoeeenneniiiiiiiis 283
OSIPOVA A. ..ottt 387 PivinaT i 380
0SIPOVA V. e 387,389 Platonova Ya. ..., 252
OSIPOV V.ot 151,226  Plotnikov M. ..., 96
OSIoVSKY V..o 45,243,305 Plushenko A, 388
05010dKIN D v 91,243 PodrezovaE. ... 253
OStapChUK Y. ..o 357 PodruginaT.......ccooee. 44, 254, 270, 280
OStrOUShKO A oo, 92,196 PogodinP........cceiiiiii 22,43
OVChinnikova . ..ceeeeeeeeeieeeeeceeeeene, 244  Pokrovsky A. ... 135
02ZrSKAYA A. oo eeeeeeeeeeeean 253  Polianskiy V.....coooeevieiniiiniiciieeeee 333
Polishchuk A. ......ccovieeieeeee, 272
P Polovinkina M.......ccceoveeveveenreennen. 387, 389
. Polozkova A. ....cccovvvveeiieeiiieeeee e 373
Pac.Imavathl Vot 20 Poltanovich A..........coeevviiiiiieeeeeeee, 78
Palltsy'na N 380 POIYAKOV Ar oo 198, 350
Pal\(ulln Vo 21,82, 38,111, 162 Ponkratova D. ....cccceveeiiieiiiiiieieeceeinnns 221
Panin@ E....cooeeeii e 245 PONOMAreV G oo 217
Pankratov A. ......cccoieeeiiee e 84 Ponomarev K. oo 117, 255
Panf)va_ Ve 109 POPAAYUK L. oo 390
Pan’shin N........ccoocoiiiiiiiiiceciieeee e 66 POPOV A. oo 268
Panteleev D........coccvvieeeeiieeiiiiieeee e, 94 POPOVA N veveeeeeeeeeeeeeeeeeeeeee e 305
Parfenova L......cccoccveeeeeciiieciieeecieeees 189 POPOVA S. vvvvveeeeeeeeeeeooeseeeseeeesseons 41, 256
Pashirova T.....ccccoeevveeeciee e 336 POPUEAEY L. oo 390
PALTUSHEY S. oo 27,286 DOLGIKOV V.o, 22,43
PAUI M. oo s 106,271 p6ina V. oo 302
Pavelyev R......cccccoecveeeeiieeeeceee e, 36,93 Prilepskaya D. ...ovveeereeereeeeeeeseseeseee 160
Pavlova A. ..o 44,131, 254,255  prokofieva A. oveeeeeeeeeeeereereee e 358
PavIova G. ..o 65,94,330  proghin A. oo 214
Paznikova J......coooeciiieiieiieeee e 269  proskurning M. e 73,293, 294
Pechkovsky E. .....cccveeeeeiiieciieecciieeen, 120 PUGAChEVA R. vveoeeeeeeeeeeeeeeeree. 198, 350
Perenkov A. ......ooocieeeeciee e 86 PUGACNEY M. vveoeeeeeee e 36, 257
Perkin Ve 98 PUKNOV S, oo, 14, 148, 153’ 258
PErMIkin Ve 13,272 pylina N. ..oooeeeveveeeeeeeesesssssnsssnsssnnnnssnnnnnee 97
Pershing A.....oooeecrvvvveviisniiiiis 42 PULIOVE V..o 391
Pervova M. ... 80 PUZVFEV L e 205, 259’ 299
Pestov A.. 95, 113, 205, 259, 299, 309, 381
PEStOVA S. coveeeeeeeeeeeeeeeeeeee e 64,100 R



Author index

421

RadchenkoE............... 21, 44,98, 111, 162
Radjabova F. .....coocvveeeecieiicee e 380
Rakhimova O. ....cccovveeeieeiiieieeeeees 402
Ramazanova P......cccccevvvvvniniiiiiiinnns 361
Ramenskaya G. .......ccocceeeveenierineenneenn 342
Ramsch S. ..o 225
Rasulova G.....cooeevvveeeeeeeecieeeee e 379
Ravcheyeva A.........cccoeeevvivcieeeecireees 355
RAzumoV | ..o 292
Razuvayeva Yu. ....ccccevvvvvnnne 260
Regdel D. ..ccceeeveiieieenieeieeeec e 370
Rempel A. .o 99, 290
Revishchin A. ......ccoovvvieiiieieee. 94, 330
Richardson R......cccoovveveeiieiinveeennnen. 77, 162
Rjakhovskiy A.....ccooeeriiiiiieniiieeeieen 229
Rogachev A.......cccoovviviieeeeiiieene 384, 391
RONINSON Louueeiiiiiia 26
ROVAN E. .o 275
R. Reshetnikov......cccccceeeeeeiciiiineecicecnns 65
RUbin M. ..o, 8,32
Rubtsova S......ccocovviieeeeiieeiieeeeen, 64,100
Rudakova A.........ccoveeeecieieeieeeecieeees 221
Rudakova E..................... 77,108, 208, 261
Rudakova E. ......cccceeeeeiveeeiiieee e 162
RUIK A. oo 22,43
Rusinov G....... 38,113, 127, 155, 159, 190,

211, 244, 287
Rusinov V. 23, 66, 104, 122, 130, 167, 173,
176, 180, 184, 187, 201, 222, 264,

288, 307

RUZIEVA D. ..uueeeie 379
Ryabaya O.....ccccevvieeeeiei e 358
Ryabinina O. ..c.ccevveeriiiiieeeceeeeeee 327
RybiNa L.oeeieeie e 174
RYDKIN Ao 344
S

Sabirova A.....cocccveeiiiie e, 103
Sabirzyanov N......ccccevviiiiieniiieieeeenn 85
Sadretdinova L........ccoeevuuvveeeeeennnns 171, 296
Saifina L. ccoooeceiieeeeeeeee e, 105
Saigushkina A. .......ccoeeeeeiveeennen. 227, 262
Salakhutdinov N. ...... 24,39, 114, 117,131,

135, 161, 188, 206, 216, 234, 255,

279, 305, 337, 353,

354, 384, 390, 391

Salomatina O. .....eeeeeeeeicciiiieeee s 390

Saloutin V. 25, 40, 108, 149, 158, 162, 182,
193, 208, 215, 218, 274, 276

Salykina M. ....oooeiiiiiiiee e 293
Samokhin A. ..coovveeeieiiiiiieeeeeee 95, 309
Samoylenkova N........cccceeeeveeeecinee e, 65
SaNiNAa N. .ooiviiieiiiiieieieierieeee. 102
Sannikova N.....cccceeeeeeeiiinnneenneennn. 366, 372
SanthisudhaS. .......cccccoveiiiiieeiieees 116
SaNtra S...coiiviiie 138, 263
Sapozhnikova I........c..uue......e. 104, 264, 362
SapozhnikoV S.......ccoeceeeeviiieeeeiee s 103
Saprikina N. ...ooeeeceiieee e 405
Saprykina N. ...cocccveeiiiee e 355
SAPUNOVA Ao 105
SaranCeVv A. ... 236
Sarapultsev A......ccceveeeeviieniennnnen. 126, 289
Y- 10 1V TN 349
Sattarova G. .......eeevvevevevniniiiiiin, 379
Savateev K. .....uevevvvveeverireieinienneennns 104, 122
Savchenko E.........eeeeeieeecciiiieeeeeees 65, 94
Saveliev D. ..o 35
RY: VZe] 0 101VZ TN | FS N 265
Schepetkin L. ....cooovvevieiniieieeieeeeee, 96
Scherbakov A........eeevieeiiciiieeeeeeeeis 367
Scherbakov A........oeeveeeiiiiieeeeeeeees 278
SChUZ E. cooeeeeeee e, 78
Sedenkova K. ....coceeeeiieiiciiiieeeceees 21, 82
Selivanova S......ccooeveiiieicciiieee e, 86
Semakov A......cccovveeeieeiieeeeee, 153,178
SEMENOV A. .ooiiiiiiireeeveeeeeeeeeeeeeeeeens 156, 267
SemenovVa E.....cooeeeeeeeeiiieiiieeeee 156, 267
Semenova Mu......eeeeeveveviieieiiieieiiienaiennn 268
SEMENOV V. ceviiiieieiiinviiiiiiiiiieieieienenananens 105
SenV. 344,401, 404

Serebrennikova P. .......ccceevvveennen. 124, 269
Serebryakova O.........ccoceeeeivieeeeciieeenns 162
Seredenin S......occoveeecciee e, 79
Seredinin S.....ccoecvveeeiiee e, 11
SErgeeva A....uuueeeeeeieieieiiiiei. 155
SErgunNova V. ......eeeevevevvreveeeieieieennnnnnennns 270
Severin A. oo 106, 271



422 MedChem Russia 2019
Shabanov P. .....cceeeeeeeeiiiieeeec e, 107  ShUtkoV L..cceeeecieeeeiieeeeieec e, 81, 282
Shadrina E.....ccceeevvvveeiieeee, 13,242,272 ShuvalovM......ccooovviveeeeeeeecinreeeeee, 270
Shagina A....cooeeeieiiieeeceeeeeee 83,273  Shvachko YU.......ccccceveeneeneeienicnieee, 113
Shalamova E. ......eeeveeeeevivreeeneeeenn. 106,271 SibirtseVR......ccccciiiiiii 292
Shamadykova Dz.......cccceeeevieeeecnieecenneen. 94 SidekhmenovaA.........ccccevvviecieeecnenn. 96
Shamanaev A.......cccecveeeevieeeceiee e, 96 Sidorenko A. ..., 353
Shamshina D.....ueeeeeeeiiiiiiieeieeeceeiiieees 328  Sidorova L.......eeeevevevevevererennnnnnns 33, 49, 183
Sharapov A. .....ooviievieeiieeeeeeeee 392 SidOrova T .cccceecereeneenieeieeee e 358
Shchegolkov E.. 25,40, 108, 149, 162,182, Sidorova Y. ....ccccceecuveevrcieresiieeeenieeeennns 131
208, 276 Sinegubova E. .........cccvveeeeiieeeeen, 176, 288
Shchekotikhin A....ooeeeeeieiiiiieecceeeiiees 132 Sirotenko V......eeeeeeiiiiiniiieeieieeines 69, 155
Shchelkanov A. ......oocoovveiviveeencnnne. 393,394 Slesarchuk N.......ccooovvvvvieeiiiiiiiineeeeen, 237
Shchepochkin A.....oovveeeeiieeee, 185,277  SMIrNOV A. ...ooiiiieieiieeeeiee e 66
Shcherbakov A........ooccveeiiiieeeieeees 228  SMIrNOVa G. ...ccceeveevieeeeieeeeeee e 400
Shcherbakov D.....eeeeeeeeciiiiieeeieeecies 114  Smirnova b, 248
Shcherbakov K. ......oovvreeneeneeniieenen. 274  Smol’yakova V......cccceveiniiieiiiinienees 96
Shchipalkin A. ......ooooeiieiiieeeeeeees 275 SmolyaninoV L ...ccccveeeeccvee e, 283
] 1ol 0 10 [ PO 25,276  SMOrodina A.....coeveveveeeeereeeeeeeeeeeeeeeeeeens 284
SheiNa E..ovveeveeieeieceee e 173  Smyshliaeva L. ..cccoovvvvieeieieeeeieee e 285
Shestakova T. .....ccceeeeeeeeiciiiieeeeeeeeinnes 173 SObINF. e 97
Shestakova E......ccceeeveeveeeeiiieeeeieeees 278 SobolevasS. .......ccooviiiiiieieeeee e, 156
Shetnev A. ..., 109 Sokolova A.......ccoceeeviiieeeieeeeiee, 39,114
Shevchenko D. ......cooeeveeiviieeeeieeeee 402  SOKOIOV D....vvveeeeeeeiiiieeee e 354
Shevchenko O....... 100, 186, 256, 335,340  SOKOIOV V. ...uvvveeeeeeiirieeeeeeeeeinnees 123, 225
Shevtsova E. ....ccoceeeeeeeevcinieeeeecnn, 110,382  SokovNinS. ...cccoeieeiieeeeee e, 407
SheVESOV P.....ooeeiieiccieee et 110 Soldatova D.....cccceeveeevveeeeieeeeieee e 396
Shikhova S. ..., 92  Solodnikov S. ......eeeeeiiiiieee e, 53
Shimanovskaia T. ......eeevevevevevevererenennnnns 277 Solomevich S. ....... 168, 191, 303, 304, 397
ShirokoVa E. ...eevvveveverevevevevevevevevevevenenens 279  Solovieva A. .......eeeeeverererenniniiinrananens 59, 217
SHhiryaev V. ...ooeeeceee e 111 Sorokina leeeeeeciieeiiieeeiee e 390
Shishkina L...cccooveveriiiiiiiiiiiieee s 114  Sosnovskikh V. ................ 87, 164, 223, 284
) 11 417={o ] I FS R 83,273  S0sonyuk S.......cccceeeeeiiiiennnnns 73, 293, 294
Shmykova A. ...cccceveiiieeeee e 280 SpasoOVA......eeiieeeiiieenn, 28, 34, 62, 66,
Shpakovsky D................ 325, 348, 382, 403 69, 73,104, 126, 134,
Shprakh Z.......ccccuvennneee. 80, 112, 352, 395 154, 155, 160, 264, 328, 351
Shtil A, oo, 26, 132,280,298  SpiridonOV E. ...cceevveeciieieciie e, 286
ShEro A oo 237 Sravya Guueeeeeevceeeeeee e 20
Shtyrlin No v, 103,179,281  Starichenko D. .....cccceeeiieiciiiiieeeeens 113
Shtyrlin NV o, 36  Starkova A......ccecceveiieniiiiinieeec e 97
Shtyrlin Yo oo, 34,103,281 Stepanenko S.........cccooeeiiiieeeciiee e, 269
Shtyrlin Yu......cccovvveeeennnn. 36, 93,179,257  Stepanova V......ccvveviiieeeeneeeniiieeenn, 246
Shulaeva M......cccoevivcieeiiee e 105  StolboV L. .o, 22
SAUIC E. oot 268  Stolyaruk V......cooceeeieniiiniiinieeeeene 195
ShUS E.ceveeeeeeeee e, 27,246  Strekalov L.....eoeeeeeiccieeeeeeieeceeeeee e, 407
Shumilova S. ...ccccvviicieeeee e, 86  Strelnik A oo, 36



Author index 423

SEUPING T 404  Trigub M. oo 401
Suchkova A. ....cccveeevieeeeeee e 152 Trishin YU. oo, 306
SUdakov | .eeeeeeieiceeeee e, 336 Trofimova T ...cccoeeiiiieiieee e 920
SUdarikov D......eeeeeeeeviccnenieeeceeeeieneen, 100 Trofimov B. ..ccccccveeeciieeeeee e, 370, 371
SUKhaNOV L. ..coeeiiiicciieeeeeeecee e, 115  TrubnikoV A....cooccieiiieeeeecee e 291
SUKROV B....oveeiiieeeeieeeeieee e 370,371 Tseitler T coeeeiiiieeeiee e, 49, 183
Sultanova K....ooocvveeeveeeeeeiiieeceiee e, 134 TSOMIN Lueeeeiiiieeeiiie e 195
SUresh Ru...eeeeeeciee e 116  TsvetkoV V. ...ooecciiieiieeeeeeiee e 132
SUSIOV E. o, 117,234,255 Tsygankova A. ......cccevvinininininnnnns 120, 292
SVAlOVA T, e 227,262 Tsyganova T........cccceeviiinicinininiieenn, 402
SVEUAS V. cvoeeeeeeeeee e 199  Tsymlyakov M. ..., 73, 160, 293

Tsypysheva l.....c.cooveeeieeniieeeneennne. 213, 251
T Tsypyshev D. ....ccoccciieeiieiieciieeeeee e, 251
Tafeenko V. ..o, 382 TUMASAOV A. oo 171,172,296

TUrashev A. .....ooeeeciee e 65
Tagasheva R.....coocvevivcieei e 336 .
AE 1T 265 TULUSOKINA A:orisscsnssnsnsr 294
Tarasova l..ecceeceeeeeeereeereereere s 267 TYANUEOVE Mucvrsvvvrsvrssvnesnes 359, 406

Tyurenkov L. .....eeeecveeeicieeeeciieeens 121, 238
TArasova 0. .oveesvvrssvvsssvvsssenssnve i T S VA 403
Tarasov D. ...cooeveviiieniiiiiieiicceeeeeees 118, 119
Tatarskiy V....ooeeeenieeneenecieeeieee 26,132 y
Terentiev A. ....cocevvvvvenne 344, 369, 401, 404
TiIKROMIIOV A oo 132 Ulashchik E. ..c..coooviiniiiiiiiiiice 237
TIKNONOVA E. v, 84 Ulitko M. 92,302
Timofeeva T oo 339, 373, 398 UlomskKiy E....ccvvveeereeeeiieeeciiene, 122,130
TIMofeeva V. ...cceeveveeeeeeeeeeeeeeeeeenanas 59 UlomskyE.... 104,167, 176, 180, 187, 190,
THOVA YU, coreeeeeeeeeee s, 51, 287 222, 288, 307
TiufiakoV D v 176, 288 UStINOV A, oot 237
TKAChenKO Ve 95,309 USHIUBOV Y. oo 55
TIEUEVA R. w.vveoveeeeee e, 357  UStYUBOVA. oo 369
Tokareva M. ......coevveveeeeeineeeeseennns 202 UStYUBOVA. o 123, 235
Tolkachev V. .....ccoooviieiiieiiiieeeeeeee, 349 Utepoval......... 124, 269, 289, 290, 310
Tolshchina S. .ecevevieeeieeeeeeeeeee, 211 Utkina Mues 330,331
Tolstikova T. ....ceeeuveennne 117, 131, 255, 354 v
Tomilova L....eveeeeeeieeecieee e 252
ToporkoV G. ...oeeeeceveieecieee et 399  Vahrushev A. ...ooeeeeeeeeeeeeeeeeeeeeeeseeeeeens 295
Totoeva N. ....oovvviiieeieeeeeeccee e, 349  VakarovsS. ..o 125, 171, 296
Tovbin D.ceeeeeeeeiieeeeeeeeeeeee e, 118,119  Vakhitova YU. ..cccceeeveeeeeeeieeeeeeee e, 213
Trefilova A ..o, 68  Vakhnina N. ....cccceevviiiiiiiiicieee e 33
Tregubova L. ...cccccvevivciiee e 155  Vakhrushev A..........cocooiiiiiiiecieeees 296
Treschalin@ E....ccccvvvevieeeeiieeeeeeees 192 Valeeva A......eeeeiiiecieeeeee e, 99
Trestsova M. ......evevvvvivveveiiieininianan, 289,290 Valeeva F.......cccoevvvviiiiiiiininiiinnl, 200, 297
Tretiakova D.....ccccuvvvveeeieiiciiiieeee e, 89 Valova M....cccccoovvviiveeiiiiieiinneen, 185, 244
Triandafilova G........oevvvvvevernrnrevennnnn. 53,400 Varaksin M................... 150, 232, 233, 285
Tribulovich V. .................. 10,194, 207,240  Varaksin M........ccccooviieieeiiecciieeeee e, 210



424 MedChem Russia 2019
Varlamova E.......cccceeeveveeeevieeeecieeeene 298  Yarovaya O.......cccccceveeeieiiiiiiniieeeessenniinns 39
VasilchiKOV Pe...eeeeeene 86  Yartseval......oooceeveveveverevereverennnnnnns 352, 395
Vasil’eva | .ooocveeeeeiee e 234 Yaryn G. ccceeeeciieeeeieee e 120
Vasil’'@V P. ..o 155  Yeremina V...ooooooveeivcieeeecciieeeeiee e 346
Vasiliev A. ..., 106,271 YurievaA...oooooeeeiiiie, 341
Vasilyev P ....cooceeriiiieiieeeeeeeee 28  YurievD. ...ccooviiiiie e, 399
Vassiliev P................ 62, 126, 154, 289, 351  Yurkshtovich N.........ccccccvvveveviiinenes 191, 303
Velikorodov A. ..., 389  Yurkshtovich T...... 168, 191, 303, 304, 308,
Verbitskiy E.....cccoeevveeeiiieeeeiiee e, 38,127 397
Vereshchagin A........ccccoovveeviiieeeciieeenn, 128  Yushkova T ....cccoiiiiiiiiciieeciee e, 97
Veretennikova E........ccccceeveiviieeeeeennnn, 299  YUusSUubOV M. ... 253
Vichljantzeva N.......ccccceevieinieiniecnenne 327
VIBOIrOV A. ceoiiiiiiiiieeeee et 238 z
Vikhareva E. .....cccccovveveveieieee e, 123 Zaharenko A. oo 135
VIQSOV Dot 92 7aharova O. o 135
Vodovozova E. ......eeeeeeevviinnnnennneen. 89, 129 Zakharenko Ao 45 117, 188,
VoinkoV E. .....ccceeeunneeen. 130, 167, 176, 288 206, 234, 279, 305
VOitovich TU.....coociviiieeiceeeeeee e 9 Zakharenkova S 306
V7o) el 1 1o 11 <N 117, 131, 206, Zakharova L. oo 200, 219, 228,
234, 255, 305, 353 260, 297, 336
Volkova M.....cccovvveeeiiiiiiiiieeeeeeeen, 73, 293 7akharova O 45, 206, 234, 305
Volobueva A. ........ooooooeveniinirinnenne 176, 288 Zakharov D......ccceeeeeeieeiciiirieeeece e, 27
VoIodir.1a | 2SS U UPRRN 132 Zakharyascheva O.........oovvovvvvvovvvvvoooen 160
Voloshina A, 105 Zalevskaya O. .ovvvvvvveeeeoeeeeeeooeeee 17, 197
Voloshina A.....oeeveieeeeciee e, 200 ZAMOYSKi Ve eeeeeeeeeeee e 21, 82
Volotova E.....oeeevveieieee e 121 7anakhoV T 222,307
VOIOV A, wovvrvvvvnssssssmnnnsssssssssssnnnsssssnss 252 70002 Ao 404
VOronNa S. ..ouviiieieieieieiiieieieieieierereeeeennne 240 ZArEESKY S. ovvvvvveveeeeeeeeeeeseeeesseeseee e 308
L LA 2T I I 59
AV eT o] o 11 T- I 1SN 133, 364 Zarubaev V. oo 39,176, 184, 206,
VOoronkov A. ....eeeeeeeeeeeeeiinenennns 98, 121 251, 288, 337
Vozdvizhenskaya O. ..............cccoooooeven. 300 ZaryanoVva E. .......eevvviiiiiiiiiiiiiienenens 73, 160
VYazOVaYa E. covcevrvnerninnncenninssnnscnninns 301 Zavarzin . ..o 367
Vyshtakalyuk A. ......c.ooooooovoviiiiiiiiininns 336 Zavyalova E.....ccccoeeevvvieeeeiee e, 65
VYSOKOVA O, covvvvveeiie 250, 302 ZavyaloV E.....ccccceveviieeeee e 292
Y Zaykovskaya A.........cccoveeeeciieeeeieee e, 391
Zefirova O. ....ooeecveeeeiieeecee e 136
Yabbarov N. .....ccccovieeiiiiiiiieeee e 254  ZefiroV N. .o, 136
Yagolovich A. ....cooiiiiiiiiiieeeeeeeee 326  Zeldi Muooieeieeieeeeeeeeeeee e 281
YaKoVIEV D 134 Zemlyakova E.....cccccocvveeeceenevieenn, 95, 309
YakoVIeV P. .....ovveeiieeceeeeeeeee e 55  ZeNiN Lttt 81
Yakunina N......cooovvvvvveeeiieiiinnnnnnn.. 198,350 ZhdanoV A. .....ccccveveeeeiiiiiiniieeeeee e 250
Yarkova M. .....eeeeeeeeevennnennnnnnnnnnnnnnnnn 79,174 Zhdanova A.........eeeeeeeveveeeeeeeeeeeeeeeeeeens 250
Yarovaya O............ 114, 135,337,384,391 Zhdanovskikh V.........ccccceeeeiiennnns 227, 262



Author index 425
Zhukovskaya O.........cccueeee. 34,62,69,134 EpemMHA O. oovveeiieeeieee e 141
Zhunina O. ....vevveeeiereciee e 254  EOPEMOBP.......ooeeciiieeieee e, 143
Zhuravleva E. .........eevvvvevevevevevennnnns 393, 394
Ziganshina A. .....ccoceveveveee e 260 K
Z!Ibgrg Rttt e 76 PRYMAKAEBA A- oo 313
ZIMiN YU, ceeeeiiiiiiiiieeeeeeeeieeeee e 374
ZINOVYEV S....ooviiieiiieiecicciciee, 405 3
Z0lOttSEV V. ..evieeeiee e 217
Z010tUKNING T oo 359, 406 11 o222 To ] 2 IS 146
ZUBVA L. weviiiiiiiiiiieeee e 336
ZUEV Moo 303,394,407 "
VAMAU B 115 YBAHOB Peeveerceereeeeeeeeeiens 29
Zybkina A. .. 114
Zyryanova E. ...oceeeeereeiieeieeeee e, 310 K
Zyryanov G.......oceeevvveeeeennnnnnns 138, 210, 263
KanMHUHA E. ..o, 312, 321
A KoBaneB W. ..ccooeveeieieieieieieeeeeeeeeeeeeeee, 146
KOMUYK L. cooeeeeieeiieeeeeeeeeeeeeeeeeeeeeeeeeeee, 146
ABEKEHOB C. oo 139 KOPHEB A covoeeeeeeeeeeee e, 317
ANEKCEEB 0. ..o 312,321 KOCOBOKOBA E.voveeeeeeeeeeeeeeeeeeseeseesens 408
E KOCOPYKOB B....coooevveeeiieieieie, 144, 408
KOCTIOKOB A. ..ooiiiiiiiiiieee e 316
BaKMBAEB A. ..o 145  KpUBENEBA A. ..ocoieiiiiiiiiciiceen 316
BapbIWHMKOBA M.....cccevevveeereenne. 144,408  KptoKOBCKaA . ...cocvivieiiiiiiiiiiiiic 312
BYHEB A. wooveeteeieeeeeeeeteeete e 311  Ky3bMUHB. .o, 316
B n
BapaKMHA E...evvveeiieeeiee e o3 s A 1 1= To ] To - 3 GOt 145
BaCUABEB E. ...covverreeeieeieeireeeeee e 141  JIyUAl B. oo 312
Bauaas3e C..ovvvveeeeeeeeeeeccee s 141
BecenoBa U. ... 141 M
BAWEHKOBA [l. oo 145 MaptowmHa T, 312
r MycTadaeBP. ..cccoeecvveeeieeeeen, 315,317
FapabagsKuy A. .....ooeeeeeieeeeieee e 142 H
TYPEEB M. .. 142 HEKPACOBA Ev oo 319
HemueBa lO. ..oooereieiieieeeeee, 321
il L
L1aBBIAOB Everrrreeeeeeeeeeeeeee e 312,321 O
PEPOEHEB B.....ovvvovnnnnns 315 OMapoBa WM. ... 313
Lonraa L. coeeeeeeeeeeeiieeiiieeeeeeeeeeeeeeeeeee, 321
LYBaHCKUM B. ..oeeeeiieeciee e, 312 n
E MaBAOBA A. oot 316



426 MedChem Russia 2019
NoAPYTMHA T oo 316 X
P XOUEHKOBA FO.....uuiiiiiiie 311
PaxmMOB K. .....uooviiiiiiiiciee e 313  XOYEHKOB . ..ccevvvvieeieeeeeeeeeiicceeeeeeeeee, 311
POMAHOBA A....eeeeeeeeceece e 312
PABOB M. ..cvieeeeeeiceeeericteee e, 321 M
T USKY O, v eeseeeneseeeenaenn 409
TaHUA O. e 146 w
TUXOB Moot 315, 317
TPUOYNIOBUM B 142 LUMPAEB B. ceeeeeeeiieeee e 315
TPOHOB B...coovviiiiiiiiiiiiienic s 319

LLIMBIKOBA A. ..o 316
y LLITUAID A. ooeeeeeeereeeeeeesesessesssseeeeseneee 316
Ywa b. 321 LY6EHKOBA E...oeevevveeeeieee e 409



PARTNERS
AND SPONSORS



428 Partners and sponsors

BIOCAD

Biotechnology Company

BIOCAD - 0AHQO 113 KRYMHENLLVX OUOTEXHOAOM NYECKINX
MEXAYHOPOAHBIX MHHOBALMOHHbBIX KOMMOHMIA B POCcn,
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N KAVHYECKME UCCASAOBOHMS, COOTBETCTBYIOLLME
MEXAYHAPOAHBIM CTOHAQTOM.
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MPOAYKTOBbIV MOPTMEAD KOMMAHMM B HOCTOSLLIEE BPEMS COCTOUT
13 Bonee yYem 13 50 AeKOPCTBEHHBIX MPENAPATOB, 10 13 KOTOPbIX —
Buonormveckre. bonee 40 MPOAYKTOB HOXOAITCI HO PA3HbIX CTO-
AVSX PA3ABOTKM. [MPNOPUTETHBIM HAMPOBASHEM ASITEABHOCTU
IBAIETCH PA3OABOTKA ASKAPCTB AAS ASUEHNS OHKOAOTYECKMX 3a-
DONEBAHMN.

TpacTysymab, 6esaumusymad n putykemmab - Harbonee BOC-
TPEDBOBAHHbIE CUCTEMOW 3APCBOOXPAOHEHMS MOENOPATHI AAY TE-
PANMMA PA3AUYHBIX BUAOB paka. C nogeacHeM B 2014 roay Broa-
HaAoroB koMraHM BIOCAD ypoBeHb OB6eCTEUEHHOCTV NOLMEHTOB
AEKQPCTBEHHDBIMI CPEACTBAMM BbIDOC B PA3bI.

Ha4aAO HOBOW 3pbl B AEUEHI OHKOACTNHECKMX 300ONEBAHN - M-
MyHOOHKOAOT VS, BIOCAD UMEET Lienbivt MOPTREAL MPEMNAPATOB AAY
VMMYHOTERAMM  3AOKQUECTBEHHBIX OMYXOAE, HOXOAILLMXCS HA
PA3HBIX CTOAMSGX PA3PAOOTKN

- VHITMONTOPDI KOHTPOABHBIX TOUEK MMMYHHOTO OTBETA, HOMOOB-
AEHHbIE HA PA3HbIE MALLEHU CUTHOABHOTO MyTW MOOrPAMMUDYE-
MOV KAETOYHOM Tvbean PD-1 (o1 aHrA. «Programmed cell Death
pathway»). aHTUPD-1 v aHTv PD-L1

- VHIUBUTOR KOHTPOABHBIX TOYEK MMYHHOTO oTBETA OHTU-CTLA-4
(ot aHmA. «cytotoxic T-lymphocyte associated protein 4»

- HOBbIE MPEENAPATbl, PADOTAKOLIME HA YPOBHE PELEMTOPOB
aHTV OX40 - BOKLIMHbI, MOTEHUMPYIOLLME AEMCTBME MPENAPATOB -
VHMMBUTOPOB KOHTROABHbBIX TOYEK MMMYHHOIO OTBETA

- CAR-Tepanis n Apyrve HoBEMLLIME HAYUYHbIE PA3PABOTKM

B koMnaHim BIOCAD pabtotaeT 6onee 2000 YenoBeK, M3 KOTO-
PbIX CBblLLE 650 yuyeHble U nccaepoBaTEAN. ODUCHI U MPEACTOBM-
TEABCTBA KOMMAHMM pacronoxeHsl B CLUA, bpasmanm, Kntae, V-
A, BeeTHame, OAD, GrHAgHAMY, Pecnybarike BenapyCb 1 ARYrX
CTPQOHOX.

BIOCAD.RU
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NIKA

PetroTech

KOMMAHUA HUKA-TIETPOTIK B HacTosLLEe BpeEMA aKTUBHO pPa3BMBaETCA Ha PblH-
Ke ycnyr no vHTeHcudbmkaumm HedTeaobblun, Mess B CBOEM COCTaBE MPOMbILIEHHbIE
naowaakn no NPON3BOACTBY COBPEMEHHbBIX KEPaMUYECKMX pacKIMHMBaTene (nponaH-
TOB) U XMMPEAreHTOB, a TakXXe PasBUTYO HayYHO-TEXHUYECKYO 6a3y.

[MpOM3BOACTBO XMMUYECKNX PEareHToB.

TexHonapk «Kambapka», YamypTtckas Pecny6navka

Ha 6ase TexHonapka «Kambapka», pacnofoxeHHoro B YamypTckoi Pecny6nuke, Ha-
NAXXEHO MPOM3BOACTBO XMMMWYECKMX PeareHToB ANS MHTeHcudukaumnm HedTeaobbiyum,
HedbTenpoMbicna, 6ypeHuss U TpaHCMOPTUPOBKM HedTenpoaykToB. [1pu Mpon3BOACTBE
XUMUYECKNX peareHToB KoMnaHna Hnka-NeTpoTak NpOBOAUT KaK BHYTPEHHUI KOHTPOSIb
KayecTBa Ha BCex aTanax Npou3BOACTBA, TaK M HE3aBUCUMYIO OLEHKY AN MOJy4eHna
OTpacneBbIX CEPTUDOUKATOB M paspeLleHnit.

Mpoun3eoacTBO NponaHTa.

Mnowaaka CeMmnNyKCKOro orHeynopHoro 3aBofa, BopoHexkckaa obnacTb

CerogHa koMnaHusa Huka-MeTpoTak BnafeetT Npou3BOACTBEHHLIMU MOLLHOCTAMMU
CeMUIyKCKOro orHeynopHoro 3aBofa, Ha KOTOPbIX OCYLLECTBAAETCA BbIMYCK NPOnaHTa,
Kak OCHOBHOro afieMeHTa npouecca rmapopaspbiBa nnacra. Kpenkue Tpagnmumm orHe-
YNOPHOrO MPOU3BOACTBA, @ TakXe COTPYAHWYeCTBO C Poccunckon Axkafemuen Hayk,
MOMHOXEHHbIe Ha MOAEPHM3MpPOBaHHOe 060pyAoBaHMe o6ecneynBatoT HEOOXOAUMYHO
TeXHONornyeckyto 6asy Ana NpouM3BOACTBa NPoNaHTa — COBPEMEHHOIO KEPAMUYECKOro
packnuHuBaTens. BbICOKOTEXHONOMMYHOE 060pYyAOBaHNE MO3BONSET BbIMyCKaTb LUMPO-
KYHO NIMHEKY MpOonaHToB ANA M6bIX FrE0NOrMYECKMX YCNOBUA MHTEHCMbUKaunm HedTe-
[06bluK, BKIOYAA MecTopoxaeHus Poccun, BnnxHero BocTtoka, JlTaTUHCKON AMepukmn 1
cTpaH Adpuku.

HayuHo-TexHUuYeckoe nogpa3geneHune. EkatepuHéypr

ONna ocyuwleCcTBNEHNA KOMMNEKCHOro cepBuca KomnaHusa Huka-leTpoTak nMmeet B
CBOEM COCTaBe Hay4yHO- TexHMYeckoe nofpasfefieHne, KoTopoe 3aHMMaeTcs CHopoMm
M aHaNM30M 3KCMNIyaTaLUMOHHbBIX XapakTePUCTUK QOHAA CKBaXXWH ANns GOpMUPOBaHUS
YHUKaNbHOro NoAxoAa K x o6paboTkam. Halum cneymanmncTbl CNOCO6HbI pa3paboTaTh 1
peanni3oBaTb TEXHONOMMYECKNA NPOLLECC MHTEHCUMUKALMW NOA re0NorMyecKume ycnosus
060 CNOXHOCTW. Halla KoMaHAa perynspHoO yyacTByeT B OTpacieBbix KOHMepeHLm-
AX, BKJIKOYaA Befyllee MexayHapoaHOe COOBLECTBO UHXKXEHEPOB-HeDTAHNKOB SPE. Mbl
co3[anu 1 3anateHToBanu paspaboTKN XMMUYECKUX CUCTEM U METOAMKM TECTUPOBAHMS,
BKJIHOYas OLEHKY KayecTsa nponaHToB. KpoMe TOro, B HalleM pacrnopsXeHU nMeeTca
obWwwrpHaa naTeHTHas 6a3a No BCeM rpynnam NpoaykToB. Hay4YHo-uccnegosaTenbckas
nedaTeNnbHOCTb HKMKa-NeTpoTaK BeAeTca COBMECTHO CO chneumanncTtamm POCCUMCKON
AkagemMunn Hayk, npn akTMBHOM UX y4acTUK.

620075, EkaTepuHbypr, yn. Tonmauera, 4. 22 0.5
Ten. +7 (343) 287 49 40; +7 920 222 22 04
nikapetrotech.com
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[ AAAXMM

ﬂox@galachem.su

YHuKanbHbIl npn6op ana
3NEeKTPOCMHTE3a

IKA

ElectraSyn 2.0

Tpu B ogHOM

MoTeHuMocCTaT, aHaNUTMYECKOe 1 NepemMeLlBaloLLee
YCTPONCTBO

Pa3Hoo6pa3une KomnneKrauuim
LLnpoknin BbIGOP 3NEKTPOLOB, HACAAOK 11 EMKOCTEN
Ansa moObix 3agay

Tonbko B NanaXum!

C60pHUK NUTepaTypPHbIX MaTepuanos Mo JeKTPpocuHTesy - B Moaapok!
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JKCKII03MBHOE NpeAsioKeHune

lpenapatuBHbIi Xpomatorpad

puriFlash XS 520 Plus

ONTMMU3MPOBaH ANA Bawleil 06bIYHON
Gn3W-04YnCTKN

Hacoc - MakcumanbHoe fasnerue o 20 bap,
CKOPOCTb NoToKa A0 300 mn/MuH

bonbLuoe pazHoobpasie copbEeHTOB B roTOBbIX (N3LL-KAPTPUAKAX
(o4 0 800 rp).

[Netektop UV-VIS
CNeKTPOdOTOMETPUYECKNIA IMOAHO-
MaTPUYHbIiA, BbIGOP pexxnMMoB
JLeTEKTUPOBAHNA

(nctema BBOAA Npo6 - NpAMOIl BBOA
B KOMOHKY WnK yepe3 copoumio Ha gl
CneLnanbHoil NpesKosoHKe '

Beeroza 1 999 000 py6 co cxnapa B Mocxse!

lapanTua 1 rop! [locTaBKa He BKJIoYeHa B yKka3aHHYH CTOUMOCTb.
Mycko-HanapouHble pabotsl - becnnatHo. He ABnAeTca nybnuuHoii odeproit.

+7 (495) 151-01-50 www.galachem.su

mailbox@galachem.su www.hplc.su
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JKCKNIO3MBHOE npeanoxeHue

YO-MoHuTtopbi ana lpenapatuBHom
xpomatorpadum u FPLC

ABTOHOMHbIe Xpomatorpadpuueckiue YO-moHuTOpbI AN
nabopatopHoro npumeHenus, 0.5 - 300 mn/mMuH
Yno6HaA anbTepHaTMBa ANA KONNEKTOPOB (paKLuii.

* HusKoe 06paTHOE AaBNeHME: NOAXOANT ANA
rPaBUTALINOHHBIX KONIOHOK

* lneanbHo noaxoput ana pabotsl B
nepuatoyHom bokce

* lneanbHo noaxoaut ana G-
Xpomarorpaduu

® YyBcTBUTENBHOCTL T HI / M - 10 Mr / mn MeTun6eH30ata B OTRENbHOI
NPOTOYHON AYeliKke

Bo3moxHo O0AHOBPEMEHHOE OTCJ/IEXKIBAHNE CNIEAYIOLLNX MAapPaMETPOB:

* YO-nornowwenue npu 280 Hm, 250 HM
1220 HM

* [loka3atena npenomnenua

* l13menenns pH

* IneKTpOnpOBOJHOCTH

Kopnyc 13 aHoaMpoOBaHHOTO TUTaHa C 3aLLUTO
0T OPbI3T 11 3KPAHNPOBAHHBIN CTEKNOM

+7 (495) 151-01-50 www.galachem.su

mailbox@galachem.su www.hplc.su
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Nikon

Nikon Instruments — mmupoBoit inaep B paspaboTke u
MPOM3BOACTBE ONTUYECKUX M LUMPPOBbIX TEXHOOTUM
ANA BMOMELMUMHCKMX NPUIOKEHUIA. Mbl nocTaensem
ONTMYECKME CUCTEMbI «MOZ, K/HOU» - OTTOYEHHbIE [0
MeJiIoyei, MOLLHbIE U MPOM3BOAUTE/IbHbIE. Halm
T71aBHbIE MPOAYKTbI — MUKPOCKONbI U
CTEPEOMMKPOCKOMbI, KAMEPbI U MPOrPaMMHOe
obecneyenmne. CepeuC v NOALEPHKKA OT
npoussoauTeNs Ha Tepputopum Poccum

C XxapaKTepucTUKamMu U Npumepamm
MCNO/Ib30BaHNA Hallel NPOAYKLIMM Bbl
MosKeTe 6osiee NoAHO 03HAKOMUTLCA
Ha Hallem caiiTe UM 3aAas BOMNPOC
cneunanuctam: +7 495 663 77 64
microscopy@nikon.ru

~ www.healthcare.nikon.com

/AA 3ABOO MEOCMHTE3

3aBog «MeacuHTes» ocHoBaH B 2003 roay. MNpeanpustie BbinycKaeT MHDY3MOHHbIE pac-
TBOPbI, FOTOBbIE JIeKaPCTBEHHbIE GOPMbI MHCYNIMHA YeNOBeKa, TBepAble U XXnakme GopMbl ne-
KapCTBEHHbIX MpenapaTos.

B aBrycte 2014 roga 3aBog «MefcuHTE3» NONydns perucTpaumoHHoe yOOCTOBEPEHNE Ha
OpPUrMHaBbHbIN MPOTUBOBUPYCHbIN NpenapaT «TprnasaBupuH»®.

MIHHOBaUMOHHbI OTeyecTBeHHbIN NpenapaT «TpuasaBupuH»® paspaboTaH POCCUNCKUMM
y4eHbIMU Ha OCHOBE OpUrMHaNbHOM MOsekysbl. IbdekTUBeH NpoTnB Gonee Yem 15 BUAOB
rpunna, Bkarovasa supyc A/HINT (cBuHom rpunn) n H5NT (MTruunid rpmnn), Ha Nko6oi cTaaum
6onesHn. 06nagaeT WMPOKNM CNeKTPOM NPOTUBOBMPYCHOIO AECTBUS.

«TprnasaBuprH»® pekoMeH10BaH MUHUCTEPCTBOM 3[1paBooXpaHeHust Poccuiickolt defe-
pauuu B Ka4ecTBe npenapara ¢ NpsMbIM MPOTUBOBUPYCHBIM AENCTBUEM MPU NeYeHnn rpunna
B amOynaTopHbIX WU CTaLUMOHaPHbBIX YCAOBUAX. YHUKANIbHOCTbL «TpruasaBupuHa»® cocTouT B
TOM, YTO OH BAIMSIET Ha MPUYMHY 3a60N1EBaHNS, @ He Ha UIMMYHUTET.

www.medsintez.com
www.triazavirin.ru
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000 “dapmainon”

B 2005-2007 rogax HaMu 6bina cO3AaHa OpUrMHaNbHAs TEXHONOrMs pPa3paboTKM HOBbIX XMMUYe-
CKMX COeZiHEHUIA, OCHOBAHHAs Ha YMCNEHHbIX METOLAX, OPraHUYECKOM CUHTE3e, U3MepeHun ux 6uono-
rMYecKoi aKTUBHOCTM M TECTUPOBAHUM Ha NMOAOMbITHBIX XXUBOTHbIX. C Hayana 2008r. Mbl 3aHMMaemcs
pa3paboTKOil MHHOBALMOHHOTO JIEKApPCTBa-aHTUKOArynsiHTa Ha COGCTBEHHble CpefcTBa. B pesynbrate
HECKOJbKUX JieT uccnefoBanuin cotpyaHukamm 000 «dapmafluon» 6bin pa3paboTaH M 3anaTeHTOBaH
OpUrMHaNbHbIA KNnacc BewecTB, MHrM6UTopoB ®akTopa Xa, Hanbonee nNepcnekTMBHbLIM U3 KOTOPbIX OKa-
3a510Cb BeL,ecTBO AMUAMHA TUAPOXNOpUE, (YcnoBHOe Ha3BaHue - DD217), o6nagatoLee YHUKaNbHbIMMU Xa-
PaKTEPUCTUKAMMU MO aKTUBHOCTH (Jyyluee B MUPE NO U3BECTHbIM JIUTEPATYPHbIM AaHHbIM). B 2014-2015
rogax 6b1nm ycnewHo npoBeAeHbl AOKNMHUYECKME uccneoBaHus BewecTBa DD217 ¢ nayueHnem obiuen
1 cneundnuyeckon TOKCUYHOCTH, hapMaKOKMHETUKM U GapMaKoornieckon akTMBHOCTHM mpenapata. B
2017 ropay 6bi110 NpoBefEeHO KNMHMYecKoe uccnegoBanme (KU) 1 dasbl Ha 24-x 340poBbiX JO6POBONbLAX
1 6bIAN NONyYEHbI faHHbIE O NePEHOCUMOCTY M 6€30MacHOCTY UCMONb30BaHHbIX A03UPOBOK Npenapara, a
Take (hapMaKOKMHETMYECKME U NepBUYHbIE PapMaKOAMHAMUYECKNe pe3ynbTaTbl, CBUAETENLCTBYOLLNE
06 addekTuBHocTu DD217. Okasanocb, 4To DD217 uMeeT 6onee «MArkoe» AeiCTBUE MO CPABHEHMUIO C
JPYrMMK npenapaTami JaHHOO Kyiacca W, NOTEHLMaNbHO, NyUllylo 6e30MacHOCTb B Knacce opaibHbIX
aHTUKoarynsaHToB npsamoro aeiicteus (DOAC ). B HacTosee Bpems npoBogutcs 2 pasa KU npenapata
DD217 no noka3aHuto NPUMEHEHNS ANsi NpesynpexaeHust BEHO3HON TPOMO0IMGONNM Nocne nepeHeceH-
HOIl OnepavLyuy SHA0NPOTE3MPOBAHMS KPYMHbIX CYCTaBOB, YTO ABAAETCA CTaHAAPTHbIM HayabHbIM MOKa-
3aHueM Nnpy pa3paboTKe aHTUKOArynsiHTa, oTHocsiLerocsa K knaccy DOAC (T.H. «30510Tol cTaHAapT»). Mpu
Bblbope Takon cTpaTerun nepeg DD217 oTKpoloTca pasnuyHble BapuaHTbl 415 npoBeferns KU 3 dasbl u,
B CNyyae NoATBepXAeHus yHUKanbHocT DD217 (Ha aTane npoBeaeHus 2 ¢a3bl KW) n 060CHOBaHHOCTM
NpeTeH3uii Ha 3BaHWe «JTyyLIero B Kacce» npenaparta, 6yaeT BO3MOXHA UHULMALMSA Npoueaypbl peru-
CTpauum npenaparta 3a py6exom.
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