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ANTIVIRAL ACTIVITY OF ADAMANTANE-CONTAINING NITROGEN
HETEROCYCLES AND RESULTS OF QUANTUM CHEMICAL CALCULATIONS

Annotation. The antiviral activity of 17 adamantane containing nitrogenous heterocyclic compounds against the vaccin-
ia virus in Vero cell culture was studied and the data obtained were compared with the results of ab initio quantum chemical
calculations using the DFT method (density functional theory). By analyzing the calculated descriptors of the studied mole-
cules, namely, the energy differences of the frontier molecular orbitals and dipole moments, as well as their antiviral activity
data, a convenient method for pre-screening the least active compounds has been developed, which allows for the optimiza-
tion of the search process for new biologically active substanses.

Keywords: antiviral activity, adamantane-containing nitrogen heterocycles, quantum chemical calculations, density
functional theory, frontier molecular orbitals, Fukui method, selectivity index

For citation. Dikusar E. A., Margun E. N., Potkin V. I. Antiviral activity of adamantane-containing nitrogen heterocycles
and results of quantum chemical calculations. Vestsi Natsyyanal'nai akademii navuk Belarusi. Seryya khimichnyh navuk =
Proceedings of the National Academy of Science of Belarus. Chemical series, 2026, vol. 62, no. 3, pp. 215-221. https:/doi.
org/10.29235/1561-8331-2026-62-3-215-221

E. A. Iuxycap, E. H. Mapryn, B. U. Ilotkun
Hnemumym ¢usuxo-opeanuuecxou xumuu Hayuonanvroii akademuu nayk berapycu, Munck, Berapyce

HNPOTUBOBUPYCHAS AKTUBHOCTb COAEPKAIIINX AJAMAHTAH
A3OTUCTBIX TETEPOLIUKJIOB U PE3YJIBTATBI KBAHTOBO-XUMHNYECKHUX PACUETOB

AHHOTanus. V3y4yeHa mpoTHBOBUpPYCHAsl aKTUBHOCTH 17 coiepikalinx agaMaHTaH a30THUCTBIX T'€TEPOLMKINYSCKUX
COCJIMHEHHH B OTHOIICHHM BUpPYyCa OCIOBAKIMHBI B KYJIbType KJIETOK Vero M HMPOBEICHO CONOCTABIICHHE IIOJIyYEHHBIX
JAHHBIX C Pe3yJIbTaTaMH KBAaHTOBO-XMMHUYECKHUX pacdeToB ab initio metogoMm DFT (Teopun ¢yHKIIMOHANA IIIOTHOCTH, aHTIL.
density functional theory). MeToIOM aHaIn3a PAaCUCTHBIX JECKPHIITOPOB MCCICAOBAHHBIX MOJICKYJ, @ HMCHHO Pa3HOCTH
SHEPruil TPAHUYHBIX OpOHUTAJICH U TUIOIBHBIX MOMEHTOB, @ TAKXKE JAHHBIX UX MPOTHBOBUPYCHOIH aKTHBHOCTH pa3paboTaH
yIOOHBII crIOCOO NpeaBapUTENILHONW BHIOPAKOBKM HAMMEHEE aKTUBHBIX COCAMHEHHI, 4TO NO3BOJISET ONTUMHU3UPOBATH MPO-
[eCC MIOMCKA HOBBIX OMOJIOTMUYECKH aKTUBHBIX BEILECTB.

KuioueBble cjIoBa: MPOTHBOBUPYCHAsI aKTHBHOCTB, a30THUCTBIE COJACpI)KAIINE aJaMaHTaH TI'€TEPOLHKIIBI, KBAaHTOBO-
XHUMHYECKHE PacueThl, TeOpHs (yHKIMOHAJA TJIOTHOCTH, IPAaHHYHbIC MOJICKYJIsIpHbIE opOuTanu, Mmeton PYKyH, WHICKC
CEJICKTUBHOCTH

Just uutupoBanus. luxycap, E. A. [IpoTuBoBHpycHas aKTHUBHOCTH COAEPIKALIUX aJaMaHTaH a30THCTHIX F€TEPOIMKIIOB
¥ pe3yJbTaThl KBAaHTOBO-xuMuueckux pacueros / E. A. uxycap, E. H. Mapryn, B. 1. Ilotkun / Becui Haupisinanpnaii
akajgpMii HaByK bemapyci. Cepbist XiMigHbIX HaBYK. — 2026. — T. 62, Ne 3. — C. 215-221. https://doi.org/10.29235/1561-8331-
2026-62-3-215-221

Introduction. An important task in pharmaceutical chemistry is the improvement and development
of new, effective antiviral drugs, due to the ability of viruses to undergo structural changes resulting
from various mutations, leading to the development of resistance to the drugs used. One of the most
common ways to search for new drugs is the chemical modification of compounds with known biological
activity, namely the study of ways to “reanimate” the activity of compounds that have lost their antiviral
properties [1-5]. Adamantane fragments, when introduced into the structure of known pharmacophores,
improve the pharmacokinetic properties of modified compounds, often enhancing their biological acti-
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vity [6, 7]. In work [5], a synthesis of a number of aromatic amides based on 1- and 2-aminoadamanatanes
was carried out, most of which showed significant activity against the cowpox virus in combination with
much lower toxicity. The tetrazole derivatives of adamantane obtained in [7] showed high activity
against the influenza virus A/Puerto-Rico/8/34 sensitive to rimantadine. In our previous work, we de-
scribed the condensation of rimantadine with various substituted hydroxybenzaldehydes, esters and
ethers based on them, as well as 1,2-azole-3-carbaldehydes, the production of azomethines based on
them, whose subsequent reduction yielded various adamantane derivatives; further acylation of these
derivatives containing active amino and hydroxyl groups yielded compounds containing two 1,2-azole
fragments in one molecule [8].

Main part. The aim of this work is to search for correlation dependencies between experimentally
obtained data on the antiviral activity of a series of adamantane-containing nitrogen heterocyclic com-
pounds 1-17, described in work [8], and some molecular parameters (descriptors) of these compounds,
calculated using quantum chemical methods. The use of this type of correlation dependence allows for
the selection and elimination of the least promising compounds even at the stage of quantum chemical
modeling, which should lead to significant savings in laboratory materials and culture media and reduce
the labor costs of medical and biological personnel. The determination of the antiviral activity of the
studied compounds 1-17 was carried out at the Federal Budgetary Institution of Science “State Research
Center of Virology and Biotechnology “Vector” of the Federal Service for Surveillance on Consumer
Rights Protection and Human Wellbeing” (Koltsovo village, Novosibirsk region, Russia) and the obtained
data were published in work [9] (Table 1). Quantum-chemical modeling of adamantane-containing ni-
trogen heterocyclic compounds 1-17 by the ab initio DFT method was carried out using the B3LYP1/
MIDI level of theory, the GAMESS software package [10] and the MIDI basis set [11] (Table 2).

By analyzing the difference in energies of the HOMO and LUMO using the method developed by
K. Fukui [12, 13] (formula 1), the values (AF, eV) were calculated (Table 2):

AF = E

| Eyomo ™ Evumo - Q)]

The value (AF) shows that the smaller its value, the less energy is required for the transition of one
electron from the HOMO to the LUMO, and, consequently, the transition of the molecule to an excited
state. The value (AF) in a number of cases agrees well with experimental data obtained for a series of
compounds with similar chemical structures [14, 15]. At the same time, the higher the value of the dipole
moment (D), the more biologically active the given compound is [14, 15]. To illustrate the relationship
between the experimentally obtained data on the antiviral activity of adamantane-containing nitrogen
heterocyclic compounds 1-17 (Table 1) and some calculated parameters of the molecules, the index (I)
was used, calculated using formula 2:

I=AF/D. )

Table 1. Toxicity (CCy), activity (IC,), selectivity index (SI) and index (I)
of nitrogenous heterocyclic compounds 1-17

Ne Structure and name CTD,,, mg/ml (uM) EC,,, mg/ml (uM) SI
N-(3s,5s,7s)-Adamantane-1- > 100 0.891 >112.23
ilisonico-tinamide (>390) (3.476)
1 HN /
/ N\
N-(3s,5s,7s)-Adamantan-1-yl-4,5- 25.905 0.991 25.22
dichloroisothiazole-3-carboxamide | (78.201) (2.992)
(o)
2 HN
—N
Cl N\ \s
Cl
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Continuation of table 1

Ne Structure and name CTD,,, mg/ml (uM) EC,,, mg/ml (uM) SI
1-(Is,3s)-Adamantan-1-yl-N-[5- 78 3.665 21.28
(4-nitrophenyl)isoxazol-3-1] (204.467) (9.607)
methylethan-1-amine
Me
3 NH
[\
O/
0N
N-(3s,5s,7s)-Adamantan-1- 25.823 4.396 5.87
ylnicotin-amide (100.733) (17.148)
0
4
HN
/\
(E)-N-1-(Is,3s)-Adamantan-1- 100 25.714 3.89
ylethyl-1- (28.989) (76.882)
(5-phenylisoxazol-3-yl)methanimine
Me
5 —~N
|\
0/
E)-N-1-(Is,3s)- Adamantan- 30.848 19.083 1.62
1-ylethyl -1-{4-[5- (67.856) 41.977)
(p-Tolyl) isoxazol-3-yl]-methoxy}
Me L.
phenylmethanimine
N
X
6
Me
= o]
/
O/
1-(Is,3s)-Adamantan-1-yl-N-[(5- 5.206 4.724 1.1
phenylisoxazol-3-yl)methyl]ethan- | (15.472) (14.039)
l-amine
Me
7 NH
|\
0/
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Continuation of table 1

Ne Structure and name CTD,,, mg/ml (uM) EC,,, mg/ml (uM) SI
(37,57, 7r)-N-{5-[5-(p-Tolyl) isoxazol-| > 100 Inactively -
3-yl]-1,3,4-thiadiazol-2-yl}adaman- | (237.795)
o tane-1-carboxamide
g N/NYNH
S
[\
o
Me
Me 3-[N-1-(Is,3s)-Adamantan-1-ylethyl- | > 100 Inactively -

5-(p-tolyl)isoxazole-3- (152.486)
carboxamido]-methylphenyl
5-(p-tolyl)isoxazole-3-carboxylate

Me

9
M (E)-N-[1-(3r,51,7r)-Adamantan-1-yl]-| > 100 Inactively -
i ethyl-1-[5-(p-tolyl)isoxaz- (286.952)
ol-3-yl]-methanimine
N
10
[\
0/
Me
N-(3s,5s,7s)-Adamantan-1-yl-2- > 100 Inactively -

phenylquinoline-4-carboxamide | (261.431)

11
Me 4-(E)-[1-(3r,5r,7r)-Adamantan-1-yl]-| > 100 Inactively -

ethyliminomethyl-2-methoxyphenyl | (210.230)

12 (3r,57,7r)-adamantane-1-carboxylate
~=N
Me,
\
0
[o]




Becni HampisinanpHait akagdmii HaByk bemapyci. Cepbis xiMigabx HaByK. 2026. T. 62, Ne 3. C. 215-221

219

End of table 1

Ne Structure and name CTDj,, mg/ml (uM) EC,,, mg/ml (uM) SI
Me 4-(E)-[1-(3r,57,7r)-Adamantan-1-yl]- | 27.537 Inactively -
ethyl-1-[4-(4,5-dichloroisothiazol-3- | (57.433)
N ylmethoxy-3-methoxyphenyl]-
\ methanimine
13
o]
cl O~Me
Cl \N
5
cl N-1-(Is,3s)-Adamantan-1-ylethyl- 14.092 Inactively -
4,5-dichloro-N-[4-(4,5- (21.304)
a~7 ;i dichloroisothiazol-3-yl)-3-
—N methoxybenzyl] isothiazole-3-
carboxamide
14
4-[N-1-(Is,3s)-Adamantan-1- 5.625 Inactively -
ylethyl]-4,5-dichloroisothiazol-3- (8.715)
carboxami-domethylphenyl
4,5-dichloroiso-thiazol-3-
15 carboxylate
Me 1-(3r,5r,7r)-Adamantan-1-yl- N-[S- 5.341 Inactively -
(p-tolyl)isoxazol-3-yl|methylethan- | (15,238)
l-amine
NH
16
0/
Me
Me 1-(3r,57,7r)-Adamantan-1-yl-N-{4- 4.967 Inactively -
[5-(p-tolyl)isoxazol-3yllmethoxy} | (10.878)
benzyl ethan-1-amine
===
o1
17 h—

4
; |
ZT

Me
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The regression model describing the mathematical relationship between the biological parameters
(CTDs, EC,, and SI, Table 1) and the calculated quantum-chemical descriptors (E};0\00 £y ymo> AF> D, 1,
Table 2) [the determination coefficient (R?), Table 3] demonstrates an extremely low degree of relation-
ship between these parameters (from 0 to 0.0289). This does not allow these descriptors to be used for
direct prediction of antiviral activity. Therefore, an empirical method was developed that allows for the
preliminary rejection of obviously inactive samples by comparing a pre-calculated index (I) for a series
of similar compounds. The index (1) value was found to be in the range of 0.54—1.65 for compounds ex-

hibiting a high (compound 1) or moderate (compound 2, 3) selectivity index (SI, Table 1).

Table 2. Data from quantum chemical calculations of compounds 1-17

Ne E,a.u. E\omor €V E | juo €V AF, eV D,D M N | I
1 —801.78547 —6.6070 —0.4898 6.1172 3.71 256.35 39 1.65
2 —2035.81853 —7.0179 —2.2504 4.7675 3.49 331.26 36 1.37
3 —1237.08822 —6.1090 —2.9008 3.2082 5.89 381.48 55 0.54
4 —801.78662 —6.4900 —0.7265 5.7635 1.59 256.35 39 3.62
5 —1032.61084 —6.4464 —0.2204 6.2260 2.44 334.46 51 2.55
6 —1415.22853 —-6.2070 1.7252 7.9322 3.23 454.61 68 2.46
7 —1033.80361 —5.4233 —1.3905 4.0328 3.77 336.48 53 1.07
8 —1649.14191 —6.4764 —1.3987 5.0777 8.92 420.53 54 0.57
9 —2114.92825 —6.3784 —1.5946 47838 3.99 655.80 90 1.20
10 —1071.69287 —6.3675 —1.8014 4.5661 4.64 348.49 54 0.98
11 —1184.24616 —-6.1770 —-0.9306 5.2464 3.33 382.51 55 1.58
12 —1477.76254 —5.9403 —1.1402 4.8001 2.81 475.67 76 1.71
13 —2496.56203 —6.0274 —0.1252 5.9022 3.10 479.46 59 1.90
14 —2497.77083 —5.4668 —2.2722 3.1946 3.38 661.48 69 0.95
15 —4049.85947 —6.9825 —1.3334 5.6491 4.72 645.44 64 1.20
16 -1072.89709 —5.6219 —1.3742 4.2477 3.66 350.51 56 1.16
17 —1416.44196 —5.4124 —1.3497 4.0627 2.88 456.63 70 1.41

Notes: total energies of the system (E/, Hartree atomic units), energies of the highest occupied molecular orbitals
(HOMO, eV) and lowest unoccupied molecular orbitals (LUMO, eV), energy differences between HOMO and LUMO (AF,
eV), dipole moments (D, D), index (I), molecular weight (M, dalton), and the total number of atoms (V). The values (I) for
low-activity compounds are shown in bold and italics.

Table 3. Determination coefficients (R?) of (CTD,,, EC,, and SI) in relation to the calculated descriptors

(Exomos ELumor AF D, 1)
EHUMO ELUMO AF D I
CTD;, 0.0289 0 0.0035 0.0002 0.0002
EC,, 0.000407 0 0.000026 0.000079 0
SI 0.01001 0 0.0008 0 0

Notes: calculations were carried out using the program Microsoft Excel 2010.

Compounds with high index (I) values of 1.71-3.62 (compounds 4—6, 12 and 13) showed either very
weak activity (4—6) or were inactive. In the remaining cases (compounds 7-11 and 14—17), no correla-
tion was found. However, the use of the index (I) allows for the early rejection of such unpromising com-
pounds as (4—6, 12, 13), the number of which in the sample of 17 compounds presented in this article
was 29.4 %.

Conclusions. Using this technique allows for a nearly 30 % reduction in labor costs associated with
the synthesis, purification, and biological testing of unpromising, low-activity chemical compounds.
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