ISSN 1019-3316, Herald of the Russian Academy of Sciences, 2022, Vol. 92, No. 4, pp. 505—510. © Pleiades Publishing, Ltd., 2022.
Russian Text © The Author(s), 2022, published in Vestnik Rossiiskoi Akademii Nauk, 2022, Vol. 92, No. 8, pp. 775—780.

Scientific Session of the General Meeting of the RAS Members
“The Role of Science in Overcoming Pandemics
and Postcrisis Development of Society”

Development of Drugs with Direct Antiviral Action Based
on Azaheterocyclic Systems

V. N. Charushin®®*, V. L. Rusinov**** M. V. Varaksin®“®*** (. N. Chupakhin®?****_
O. P. Kovtun®*****_and A. A. Spasoy®****%*.#
¢ Postovskii Institute of Organic Synthesis (10S), Ural Branch, Russian Academy of Sciences, Yekaterinburg, Russia
b First President of Russia Boris Yeltsin Ural Federal University (UrFU), Yekaterinburg, Russia
¢ Ural State Medical University (UrSMU), Yekaterinburg, Russia
4 Volgograd State Medical University (VSMU), Volgograd, Russia
*e-mail: charushin @ios.uran.ru
**e-mail: v.l.rusinov@urfu.ru
***e-mail: m.v.varaksin @urfu.ru
Fx**e-mail: chupakhin@ios.uran.ru
**x*%o-mail:usma@usma.ru
FX*AX*0-mail: pharmchair@mail.ru
Received January 29, 2022; revised January 31, 2022; accepted April 4, 2022

Abstract—This article discusses the results of studies carried out in recent years by a team of scientists from
the Postovskii Institute of Organic Synthesis, Ural Branch, Russian Academy of Sciences, in cooperation
with the First President of Russia Boris Yeltsin Ural Federal University, Ural State Medical University, Vol-
gograd State Medical University, and other scientific and production organizations of the country to create
triazavirin (riamilovir) and other direct etiotropic antiviral drugs based on azaheterocyclic derivatives.
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The pandemic of the new coronavirus infection has
shown the urgent need to have not only vaccines but
also effective chemotherapy drugs in the arsenal of
antiviral agents. Their creation is one of the most dif-
ficult tasks in medicinal chemistry. This is not only
because of the relatively complex structure of the bio-
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molecules that should be selective targets of the action
of antiviral substances but also because of the high
variability of viruses.

It is well known how risky and time-consuming the
development of innovative drugs is: according to sta-
tistics, out of several thousand candidate substances,
only one demonstrates effectiveness and safety and
becomes the basis of the drug brought to registration.
Note that the Ural chemo-pharmaceutical school of
Academicians 1.Ya. Postovskii and O.N. Chupakhin,
one of the oldest in the country, has developed about
a dozen drugs for various purposes and has imple-
mented industrial technologies for their synthesis.
Among these developments is the antiviral drug triaza-
virin (its international nonproprietary name is riami-
lovir), which has a wide spectrum of action (Fig. 1).
Triazavirin is based on the condensed system of 1,2,4-
triazolo[5,1-c]-1,2,4-triazine, a kind of aza analogue
of guanine, one of the heterocyclic bases of nucleic
acids. It is heterocycles that play the most important
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Fig. 1. Structure of triazavirin.
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Fig. 2. Synthesis of triazavirin with isotopic labels ZH, 13C, BN.

Fig. 3. Molecular modeling of the interaction of triazavirin and its structural analogues with the active site of the main protease
3CLpro (left) and RNA-dependent RNA polymerase RdRp (right). The native ligand X77 (left) and the reference ligand mol-

nupiravir (right) are marked in red.

role in medicinal chemistry as part of the structure of
more than 70% of all drugs.

Returning to the COVID-19 pandemic, let us note
that in 2021 the international journal Chemistry of Het-
erocyclic Compounds devoted a special issue to the
fight against viral infections. In particular, it describes
the synthesis of triazavirin containing several isotopic
labels—with the inclusion of deuterium, carbon-13,
and nitrogen-15 atoms in the structure of the drug,
which creates unique opportunities for studying the
processes of its metabolism and mechanism of action
(Fig. 2) [1].

Interest in triazavirin has increased significantly
during the pandemic. Recently, a review article was
published in a foreign pharmaceutical journal, the
authors of which pin certain hopes in the fight against
COVID-19 on triazavirin [2]. This review discusses
the results of 50 original scientific reports concerning
the properties and activity of this drug. In particular, it
provides data from an article in the journal Current
Molecular Medicine on the interaction of triazavirin
with the main protease of coronavirus as a biotarget.
According to calculations, the drug has a good affinity
for the main protease SARS-CoV-2 (with a binding
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energy of 9.94 kcal/mol), and its docking to the active
center of the main protease is achieved due to the for-
mation of a hydrogen bond with the Asn142 asparag-
ine residue, as well as through electrostatic interac-
tions with amino acid fragments Hisl72, Glul66,
Gly138, and Phel40 [3]. However, works [4—6] note
significantly lower values of the binding energy of tri-
azavirin with the main protease of the coronavirus.
There are also calculated data on the interaction of tri-
azavirin and its structural analogues with RNA-
dependent RNA polymerase (RdRp) and the main
protease (3CLpro), according to which the drug has a

good affinity for these enzymes (Fig. 3).! Triazavirin is
often positioned as an inhibitor of the RNA poly-
merase complex and is associated with favipiravir,
molnupiravir, and remdesivir (Fig. 4), as well as with
other azaheterocyclic bases and their nucleosides.
Recently, great hopes have been associated with mol-
nupiravir, an N-hydroxycytidine-based nucleoside
drug, developed by the German biopharmaceutical

I A full-color version of Fig. 3 is available in the electronic version
of the journal Vestnik Rossiskoi Akademii Nauk on the website of
the ICC Akademkniga.
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Fig. 5. Synthesis of nucleosides of the azoloazine series.

company Merck and considered to be effective against
COVID-19.

Many studies usually mention remdesivir as a refer-
ence standard. This antiviral drug is structurally a C-
nucleoside of pyrrolo[2,1-f] [1, 2, 4|triazine. It was
developed in the United States long before the
COVID-19 pandemic, in the mid-2010s, to combat
the Ebola virus disease epidemic in West Africa and
was later repositioned to combat the coronavirus
infection.

The work of Ural chemists on the creation of orig-
inal drugs of the azoloazine series, which turned out to
be active against not only various strains of influenza
viruses but also tick-borne encephalitis, West Nile
fever, Rift Valley fever, Dengue, and other viral infec-
tions, has a deeper history. The antiviral activity of
azoloazines is reflected in numerous patents
(RU2294936, RU2330036, RU2343154, RU2340614,
RU2345080, RU2402552, RU2404182, RU2493158,
RU2516936, RU2529487, RU2536874; EA 026688
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(2017); EA 026783 (2017); US 9790277 (2017)) and a
number of articles, covering hundreds of substances of
the azoloazine series (see review [7]) and their nucle-
osides (Fig. 5) [8, 9]. The recognition of the high level
of the Ural chemistry school is evidenced by the fact
that, in 2016, work on the creation of a new generation
of antiviral azoloazines was awarded the international
Galen Prize.

The first representative of the azoloazine family,
triazavirin, was registered in the register of medicines
of the Russian Federation in 2014 (no. LP-002604)
as an agent for the treatment of influenza [10].
An important role in the creation of the drug was
played by the well-known virologist, Director of the
All-Russia Research Institute of Influenza of the Rus-
sian Ministry of Health, RAS Academician O.I. Kiselev
(St. Petersburg); leader of the Ural chemical school,
RAS Academician O.N. Chupakhin (IOS, RAS Ural
Branch, and UrFU); teams of the State Research and
Testing Institute of Military Medicine of the Russian
Vol. 92
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Table 1. Inhibition of nitric oxide and interleukin 1L-6
release

Compound NOICsp, | IL-6 ICsp, fo?f:itit?ii:};ty
Hm Hm CCsp, pm
I0C-HC-97 15.20 2.20 47.07
IOC-HC-98 21.12 2.18 65.60
10C-HC-64 18.45 15.59 49.59
Dexamethasone| 23.38 2.50 97.39

Ministry of Defense (St. Petersburg) and the Virolog-
ical Center of the Russian Ministry of Defense (Ser-
giev Posad, Moscow oblast), as well as the pharma-
ceutical plant Medsintez (Novoural’sk, Sverdlovsk
oblast) and the Ural Center for Biopharmaceutical
Technologies (resident of the Skolkovo Innovation
Center) [11—14].

Over the past few years, the indications for the use
of triazavirin (riamilovir) have been significantly
expanded, it has become an over-the-counter drug to
treat not only influenza but also other acute respira-
tory viral infections, and extensive data have been
accumulated on its use in the etiotropic therapy of
these diseases [15], which has made it possible to con-
duct a meta-analysis of randomized clinical trials of
the drug [16, 17]. Its effectiveness against the new
coronavirus infection, as well as its safety in clinical
use, was assessed [18—23]. The wide distribution of
triazavirin in outpatient practice (during 2020—2021,
3.6 million packs were sold through the pharmacy net-
work) did not reveal serious side effects.

A number of medical centers in the country,
including the Kirov Military Medical Academy
(St. Petersburg); Polyclinic no. 3 of the Administra-
tion of the President of the Russian Federation; the
Research Institute of Pulmonology of the Federal
Medical and Biological Agency of Russia; the Burna-
zyan Federal Medical Biophysical Center of the same
agency; and clinical divisions of Krasnoyarsk, Samara,
and Ural State Medical Universities, as well as Clinical
Hospital no. 14 in Yekaterinburg, have accumulated
significant positive experience in the use of triazavirin
in the treatment of patients with COVID-19 of varying
severity. Importantly, the high efficacy of the drug was
confirmed both in the treatment of patients with a
PCR-based diagnosis [18—20] and in combination
therapy [21, 22], as well as in the prevention of infec-
tion in infection foci [23]. The good safety profile of
riamilovir (triazavirin) with no side effects made it
possible to recommend this drug as the first stage of
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outpatient therapy for patients with COVID-19, based
on the principle of multiple exposures [21]. Also note
that experimental data on the effectiveness of triazavi-
rin in experiments on Syrian hamsters infected with
the SARS-CoV-2 virus were obtained at the State
Research and Testing Institute of Military Medicine
(St. Petersburg) [24]. The efficacy and safety of triaza-
virin was also evaluated in clinical institutions in Har-
bin [25]. The guidelines of Academician Yang Baofeng
(Harbin Medical University, China) note the protec-
tive effect of the drug and its ability to inhibit the
inflammatory process and reduce the recovery time.

Triazavirin, along with favipiravir, is included in
the standard of care for the new coronavirus infection
(COVID-19) in military personnel of the Armed
Forces of the Russian Federation, in clinical treatment
protocols in force in medical institutions in Moscow,
and in outpatient conditions at home (according to
Order of the Moscow Health Department no. 1131 of
October 1, 2020).

The State Research Center for Virology and Bio-
technology VECTOR of the Federal Service for Sur-
veillance on Consumer Rights Protection and Human
Well-Being (Rospotrebnadzor) (Kol’tsovo, Novosi-
birsk oblast) is searching for new active molecules
based on a cellular test system with account for virtual
screening of original compounds of the azoloazine
family using both the main protease and RNA poly-
merase as the targets. UrFU and RAS UB 10S chem-
ists prepared a library of compounds of the azoloazine
series (more than 100 substances), some of which have
been tested at the SRC VB Vector. In vitro experi-
ments on a cell culture revealed a number of sub-
stances active against coronavirus. To search for the
leading compounds, computer simulation of the inter-
action of azoloazines with the two key biotargets was
conducted.

Note that it is extremely important today to create
not only new antiviral drugs but also means of stopping
undesirable post-COVID phenomena such as a cyto-
kine storm, thrombocytopenia, and other complica-
tions. In this regard, in our opinion, noteworthy are
the results obtained at Volgograd State Medical Uni-
versity under the guidance of Academician A.A. Spasov
to inhibit the release of nitric oxide, as well as interleu-
kin IL-6. Among the new derivatives of pyrimidines
and triazolopyrimidines, effective cytokine storm
inhibitors have been identified, exhibiting activity at
the level of the well-known drug dexamethasone, and
these substances do not cause immunosuppression
(Table 1).

Another interesting observation was made when
studying the action of triazavirin in conditions of
hypercytokinemia. In experiments on intact animals,
the antiaggregant activity of the drug was revealed,
which increased by 2.2 times under the indicated con-
ditions. This makes it possible to conclude that it
Vol. 92
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Fig. 6. Antiplatelet activity of acetylsalicylic acid and riamilovir at concentrations of 100, 10, and 1 uM in the model of ADP-
induced (5 uM) platelet aggregation in the presence of lipopolysaccharide.

exhibits antiaggregant action in in vitro experiments
only when macrophages are activated by lipopolysac-
charide, and in in vivo experiments it inhibits platelet
aggregation without such activation and under condi-
tions of hypercytokinemia. The data obtained suggest
that the antiplatelet action of triazavirin may have
a positive effect under viral infection (Fig. 6) [26].
In our opinion, the newly revealed properties of the
drug will contribute to its broader use in medical
practice.
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