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Aim. A targeted search for anticonvulsant agents among unknown diacylthiosemicarbazides
with the analysis of the structure-activity relationship (SAR-analysis). Methods. Organic
synthesis; molecular docking; spectral methods; pentylenetetrazole convulsions, statistical
methods. Results. A strategy of search for new anticonvulsant agents among unknown dia-
cylthiosemicarbazides has been developed. It included virtual-oriented screening towards [the]
active centers of enzymes and sodium channels that underlie the mechanism of antiepileptic
drugs activity. The synthesis of diacylthiosemicarbazides was carried out by the in situ
method, namely, accomplishing the interaction of cycloalkanecarbonyl chlorides with am-
monium isothiocyanate and the subsequent nucleophilic addition of cycloalkyl- (aralkyl-,
aryl-, hetaryl-) carboxylic acid hydrazides. The peculiarities of the structure of the synthesized
compounds were confirmed by spectral methods (LCMS and 'H NMR spectra). Biological
screening showed that diacylthiosemicarbazides (2) in the experimental model of pentylenet-
erazole seizures in rats increased the latency period of seizures by 2.77-7.82 times, reduced
the duration of tonic-clonic seizures by 1.23—5.59 minutes and prevented mortality by 30—60 %,
relative to the control group of animals. It was shown that diacylthiosemicarbazides (2.6, 2.15,
2.22, 2.18) with cyclopropane- or cyclopentanecarboxamide groups show the anticonvulsant
activity that exceeds that of the reference drug Depakine or competes with it. Conclusions. A
range of new diacylthiosemicarbazides were obtained and the primary screening of their an-
ticonvulsant activity was performed, the SAR-analysis was provided, and the hit-compound
was identified for further in-depth pharmacological studies.

Keywords: diacylthiosemicarbazides, design, synthesis, pentylenetetrazole convulsions,
anticonvulsant activity.

© 2021 O. V. Kholodniak et al.; Published by the Institute of Molecular Biology and Genetics, NAS of Ukraine on behalf
of Biopolymers and Cell. This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any
medium, provided the original work is properly cited

125


https://www.researchgate.net/scientific-contributions/2161350416_Nina_Viktorovna_Bukhtiayrova?_sg=jvWaLctc8XHYj5wZ9dBoUbQw18Mi72dCMHwuasEkTZPCDm46QNhDnMu_Zjc2BUvNicQIpZ8.abtU3pDRwduLCLeRBwVIVpRQx1o_LNVtU1gRg1dr5q0Rggm-8412B6cqkJ6-IcjyeUW1V8vMw7o6whG-aVXmvQ

0. V. Kholodniak, V. V. Stavytskyi, M. S. Kazunin ef al.

Introduction

Nowadays, antiepileptic drugs (AEDs) such as
hydantoin derivatives (phenytoin, ethosuxi-
mide), pyrimidine (phenobarbital, primidone),
benzazepines (carbamazepine) and benzodiaz-
epines (diazepam, lorazepam, clonazepam) are
widely used. They cannot be considered per-
fect because of insufficient effectiveness and
safety. They have significant side effects and
cannot adequately control seizures in some
cases [1-5]. However, the drugs of the last
generation (valproate, vigabatrin, gabapentin,
pregabalin, felbamate, tiagabine, topira-
mate etc.) show significant improvements in
pharmacokinetics and pharmacodynamics
compared to the «classicy AEDs. Among them,
the most promising are the drugs with small
molecules that readily cross the blood-brain
barrier (BPH) and inhibit the activity of
y-aminobutyric acid aminotransferase (GABA-
AT), a pyridoxal 5'-phosphate (PLP)-dependent
enzyme that degrades GABA [6]. At the same
time despite a large number of new AEDs, not
all of them are able to prevent or delay the
onset of epileptic states in a significant number
of patients. Additionally, most of them have
side effects, namely, weakening cognitive pro-
cesses, impairing memory and affecting the
rapid reproduction of engrams [1, 4].
Obviously, the unwanted side effects and in-
ability to control the main types of epilepsy by
AEDs, stimulate the researchers to look for
innovative anticonvulsants with more favor-
able pharmacotherapeutic profile.

The modification products of the carboxyl
group of alkyl- and cycloalkylcarboxylic acids
(amides, carbamates, semicarbazides, efc.) are
one of the promising classes of organic com-
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pounds in terms of anticonvulsants design [3,
4, 7-14]. Firstly, these structural fragments are
present in most molecules of both approved
for use and experimental anticonvulsant drugs
[1, 4]. Secondly, such modification has been
studied on valproic acid and is promising, in
view of the teratogenicity and hepatotoxicity
reduction and a positive epileptogenic effect
(Fig. 1) [4]. The fact that substituted ureas,
semicarbazides and their sulfur-containing
analogues are actively studied for anticonvul-
sant activity is an additional confirmation of
the prospects of this approach. Their combina-
tion with saturated substituents (cyclopropane,
cyclocyclohexane, cycloheptane, citral, car-
vone, camphor) is a favorable factor for the
appearance of biological activity [15—18]. It is
important, that additional introduction of frag-
ments with lipophilic properties (lipophilic
domain) and donor-acceptor properties
(p-charge) to the thiosemicarbazide residue
(hydrogen bonding domain) is necessary for
the interaction with the active receptor center
of the corresponding protein target. Therefore,
this modification will show an effect of the
«pharmacophore» (cycloalkyl, amide and acyl-
thiosemicarbazide) fragments on the anticon-
vulsant activity manifestation. Virtual screen-
ing of the studied ligands in the active sites
GABA,, GABA; and NavMs will allow the
determination of the compounds for research-
ing an experimental model of pentylenetetra-
zole seizures.

The aim of this research is a virtual target-
oriented screening, synthesis and study of dia-
cylthiosemicarbazides for anticonvulsant acti-
vity in rats models of pentylenetetrazole sei-
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zures with SAR-analysis for further directed
search for effective drugs.

Materials and Methods

General Methods

Melting points were determined in open capil-
lary tubes in a «Mettler Toledo MP 50» ap-
paratus and were uncorrected. The elemental

analyses (C, H, N, S) were performed using
the ELEMENTAR vario EL cube analyzer
(USA). Analyses were indicated by the sym-
bols of the elements or functions within +0.3 %
of the theoretical values. IR spectra (4000—
600 cm!) were recorded on a Bruker ALPHA
FT-IR spectrometer (Bruker Bioscience,
Germany) using a module for measuring at-
tenuated total reflection (ATR). '"H NMR spec-
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tra (400 MHz) were recorded on a Varian-
Mercury 400 spectrometer (Varian Inc., Palo
Alto, CA, USA) with TMS as internal standard
in DMSO-d, solution. LC-MS were recorded
using the chromatography/mass spectrometric
system, which consists of high-performance
liquid chromatography «Agilent 1100 Series»
(Agilent, Palo Alto, CA, USA) equipped with
diode-matrix and mass-selective detector
«Agilent LC/MSD SL» (atmospheric pressure
chemical ionization — APCI). Electron impact
mass spectra (EI-MS) were recorded on a
Varian 1200 L instrument at 70 eV (Varian,
USA).

Cycloalkanecarbonyl chlorides (1.1-1.5)
were synthesized by the known method [19,
20]. Other starting materials and solvents were
obtained from commercially available sources
and used without additional purification.

The general method synthesis of the N-(2-
alkyl-(aroyl-, hetaroyl-)hydrazine-1-carbono-
thioyl)cycloalkanecarboxamides (2.1-2.21).
To a solution of corresponding 0.01 mol cy-
cloalkanecarbonyl chlorides (1.1-1.4) in 20
mL of acetonitrile, 0.76 g (0.01 mol) of am-
monium isothiocyanate were added and stirred
at 80°C for 30 min. The mixture was cooled
down to r.t. and 0.01 mol of corresponding
hydrazides of carboxylic acids was added and
stirred at 80°C for 90 min. The solution was
cooled down, poured into the water. The
formed precipitate was filtrated, dried and
recrystallized from methanol. Synthesized
compounds (2.2-2.27) were white or light yel-
low, insoluble in water and ether, soluble in
alcohols, dioxane and DMF.

N-(2-(Cyclopropanecarbonyl) hydrazine-
1-carbonothioyl)cyclopropanecarboxamide
(2.1). Yield: 52 %; Mp.: 192—-193 °C; 'TH NMR
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(400 MHz, DMSO-dy), d: 13.78 (s, 1H, -C(S)
NH-), 12.58 (br. s, 1H, -C(O)NH-), 10.77 (br.
s, 1H, -HN-NH-C(0O)-), 3.02 (m, 2H, cyclo-
propyl H-1), 2.06 (m, 2H, cyclopropyl H-2,),
1.88 (m, 2H, cyclopropyl 3,), 1.03-0.71 (m,
4H, cyclopropyl 2,,, 3,,); LC-MS, m/z = 228
[M+1]; Anal. Calcd. for CoH;3N;0,S: C,
47.56; H, 5.77; N, 18.49; S, 14.11; Found: C,
47.63; H, 5.83; N, 18.56; S, 14.19.
N-(2-(2-Phenoxyacetyl) hydrazine-1-car-
bonothioyl)cyclopropanecarboxamide (2.2).
Yield: 70 %; Mp.: 194-195 °C; 'H NMR
(400 MHz, DMSO-dy), o: 12.62 (br.s, 1H,
-C(S)NH-), 11.77 (s, 1H, -C(O)NH-), 10.73
(br.s. 1H, -HNNHC(O)-), 7.27 (t, J = 7.8 Hz,
2H, Ph H-3,5), 6.99-6.91 (m, 3H, Ph H-2,4,6),
4.65 (s, 2H, -CH,OPh), 2.12-2.03 (m, 1H,
cyclopropyl H-1), 1.01-0.88 (m, 4H, cyclo-
propyl H-2.g, 2,4, 3¢q, 3ax); LC-MS, m/z = 294
[M+1]; Anal. Calcd. for C;3H;5sN;0;S: C,
53.23; H, 5.15; N, 14.32; S, 10.93; Found: C,
53.29; H, 5.21; N, 14.38; S, 11.01.
N-(2-(2-(Phenylthio)acetyl) hydrazine-
1-carbonothioyl)cyclopropanecarboxamide
(2.3). Yield: 77 %; Mp.: 187-188 °C; 'H NMR
(400 MHz, DMSO-dg), o: 12.69 (br.s, 1H,
-C(S)NH-), 11.68 (s, 1H, -C(O)NH-), 10.99
(br.s, 1H, -HNNHC(O)-), 7.40 (d, J = 7.7 Hz,
2H, Ph H-2,6), 7.28 (t, J = 7.7 Hz, 2H, Ph
H-3,5), 7.17 (t, J = 7.4 Hz, 1H, Ph H-4), 3.76
(s, 2H, -CH,SPh), 2.10-2.01 (m, 1H, cyclo-
propyl H-1), 0.99-0.86 (m, 4H, cyclopropyl
H-2¢g, 245 3eq» 3ax); LC-MS, m/z = 310 [M+1];
Anal. Calcd. for C;3H,;5N;0,S,: C, 50.47; H,
4.89; N, 13.58; S, 20.72; Found: C, 50.53; H,
4.93; N, 14.04; S, 20.78.
(N-(2-Benzoylhydrazine-1-carbonothioyl)
cyclopropanecarboxamide (2.4). Yield: 75 %;
Mp.: 204-206 °C; 'H NMR (400 MHz,
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DMSO-dy), 8: 12.40 (s, 1H, -C(S)NH-), 11.76
(s, 1H, -C(O)NH-), 10.81 (s, 1H, -HN-NH-
C(0)-), 791 (d,J=17.6 Hz, 2H, Ph-2,6), 7.57—
7.41 (m, 3H, Ph-3,4,5), 2.16-2.05 (m, 1H,
cyclopropyl H-1), 1.04-0.89 (m, 4H, cyclo-
propyl H-2¢g, 2,4, 3¢qs 3ax); LC-MS, m/z = 264
[M+1], 265 [M+2]; Anal. Calcd. for
C,H3N50,S: C, 54.74; H, 4.98; N, 15.96; S,
12.18; Found: C, 54.79; H, 5.03; N, 16.02; S,
12.24.

N-(2-(2-Aminobenzoyl) hydrazine-1-carbono-
thioyl)cyclopropanecarboxamide (2.5). Yield:
81 %; Mp.: 186—-189 °C; 'TH NMR (400 MHz,
DMSO-dy), 8: 12.52 (s, 1H, -C(S)NH-), 11.74
(s, 1H, -C(O)NH-), 8.27-7.24 (m, 3H, Ar H-6,
NH,), 7.15 (t, J = 7.7 Hz, 1H, Ph-4), 6.72 (d,
J=8.3 Hz, 1H, Ph-3), 6.53 (t, J = 7.5 Hz, 1H,
Ph-5), 2.10 (p, J = 8.4 Hz, 1H, cyclopropyl
H-1), 1.03-0.88 (m, 4H, cyclopropyl H-2,, 2,
3eq» 3ax)s LC-MS, m/z =279 [M+1], 280 [M+2];
Anal. Calcd. for C;,H4,N,O,S: C, 51.78; H,
5.07; N, 20.13; S, 11.52 ; Found: C, 51.82; H,
5.13; N, 20.18; S, 11.59.

N-(2-Isonicotinoylhydrazine-1-
carbonothioyl)cyclopropanecarboxamide
(2.6). Yield: 72 %; Mp.: 182—-186 °C; 'TH NMR
(400 MHz, DMSO-dy), o: 12.27 (s, 1H, -C(S)
NH-), 11.80 (s, 1H, -C(O)NH-), 11.20 (s, 1H,
-HNNH-C(0O)-), 8.70 (d, J = 5.3 Hz, 2H, Pyr
H-3,5), 7.80 (d, J = 5.1 Hz, 2H, Pyr H-2,6),
2.15-2.06 (m, 1H, cyclopropyl H-1), 1.03—
0.90 (m, 4H, cyclopropyl H-2.,, 2.y, 3cq> 3ax);
LC-MS, m/z = 265 [M+1]; Anal. Calcd. for
C1H1N4O,S: C, 49.99; H, 4.58; N, 21.20; S,
12.13; Found: C, 50.03; H, 4.60; N, 21.16; S,
12.18.

N-(2-(2-Phenoxyacetyl) hydrazine-1-car-
bonothioyl)cyclobutanecarboxamide (2.7).
Yield: 55 %; Mp.: 188-193 °C; 'H NMR

(400 MHz, DMSO-dy), 9: 12.29 (s, 1H, -C(S)
NH-), 11.21 (s, 1H, -C(O)NH-), 10.17 (s, 1H,
-HNNHC(O)-), 7.37-7.21 (m, 2H, Ph H-3,5),
7.10-6.90 (m, 3H, Ph H-2,4,6), 5.40 (s, 2H,
-CH,0Ph), 3.38 (p, J = 8.4 Hz, 1H, cyclobutyl
H-1), 2.34-2.17 (m, 4H, cyclobutyl H-4.,, 2,
2axs 4ax)> 2.07-1.80 (m, 2H, cyclobutyl H-3,,
3.x); LC-MS, m/z = 308 [M+1]; Anal. Calcd.
for C,,H,,N;05S: C, 54.71; H, 5.58; N, 13.67;
S, 10.43; Found: C, 54.77; H, 5.63; N, 13.72;
S, 10.50.

N-(2-(2-(Phenylthio)acetyl) hydrazine-
1-carbonothioyl)cyclobutanecarboxamide
(2.8). Yield: 72 %; Mp.: 130-133 °C; 'TH NMR
(400 MHz, DMSO-dy), 6: 12.51 (br. s, 1H,
-C(S)NH-), 11.38 (br.s, 1H, -C(O)NH-), 10.27
(br.s, 1H, -HNNHC(O)-), 7.40-7.36 (m, 2H,
Ph H-3,5), 7.32-7.29 (m, 2H, Ph H-2,6), 7.28—
7.19 (m, 1H, Ph H-4), 3.84 (s, 2H, -CH,SPh),
3.37 (m, 1H, cyclobutyl H-1), 2.21-2.10 (m,
4H, cyclobutyl H-4.g, 24, 24, 4ax), 2.03—1.79
(m, 2H, cyclobutyl H-3., 3,,); LC-MS, m/z =
324 [M+1]; Anal. Calcd. for C,;,H;7N50,S,:
C, 51.99; H, 5.30; N, 12.99; S, 19.83; Found:
C, 52.04; H, 5.36; N, 13.03; S, 19.89.

N-(2-Benzoylhydrazine-1-carbonothioyl)
cyclobutanecarboxamide (2.9). Yield: 57 %;
Mp.: 163—-167 °C; 'H NMR (400 MHz,
DMSO-dy), &: 12.40 (br.s, 1H, -C(S)NH-),
11.35 (br.s, 1H, -C(O)NH-), 10.88 (br.s, 1H,
-HN-NH-C(0O)-), 7.91 (d, J = 7.5 Hz, 2H, Ph-
2,6), 7.59-7.52 (m, 1H, Ph-4), 7.47 (t,J =
7.4 Hz, 2H, Ph-3,5), 3.42 (p, ] = 8.5 Hz, 1H,
cyclobutyl H-1), 2.37-2.09 (m, 4H, cyclobutyl
H-4¢g, 2eq> 205> 4ax)> 2.07-1.81 (m, 2H, cyclo-
butyl H-3.,, 3,4); LC-MS, m/z =278 [M+1];
Anal. Calcd. for C3H;5N;0,S: C, 56.30; H,
5.45; N, 15.15; S, 11.56; Found: C, 56.36; H,
5.51; N, 15.20; S, 11.61.
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N-(2-(2-Aminobenzoyl) hydrazine-1-car-
bonothioyl)cyclobutanecarboxamide (2.10).
Yield: 53 %; Mp.: 201-202 °C; '"H NMR (400
MHz, DMSO-dy), 6: 12.52 (s, 1H, -C(S)NH-),
11.32 (s, 1H, -C(O)NH-), 8.00-7.30 (m, 3H,
Ar H-6, NH,), 7.16 (t,J = 7.7 Hz, 1H, Ar H-4),
6.73 (d, J = 8.3 Hz, 1H, Ar H-3), 6.54 (t, ] =
7.5 Hz, 1H, Ar H-5), 3.41 (p, J = 8.4 Hz, 1H,
cyclobutyl H-1), 2.37-2.09 (m, 4H, cyclobutyl
H-4.q, 2cq> 2ax> 4ax)> 2.07-1.83 (m, 2H, cyclo-
butyl H-3.,, 3,5); LC-MS, m/z = 293 [M+1];
Anal. Calcd. for C3H,;(N,O,S: C, 53.41; H,
5.52; N, 19.16; S, 10.97; Found: C, 53.47; H,
5.59; N, 19.21; S, 11.03.

N-(2-Isonicotinoylhydrazine-1-
carbonothioyl)cyclobutanecarboxamide (2.11).
Yield: 55 %; Mp.: 166—177 °C; 'H NMR (400
MHz, DMSO-dy), 6: 12.29 (s, 1H, -C(S)NH-),
11.39 (s, 1H, -C(O)NH-), 11.26 (s, 1H, -HN-
NH-C(0)-), 8.71 (d, J = 4.9 Hz, 2H, Pyr
H-3,5), 7.81 (d, J = 5.0 Hz, 2H, Pyr H-2,6),
3.42 (p, J = 8.6 Hz, 1H, cyclobutyl H-1), 2.39—
2.09 (m, 4H, cyclobutyl H-4., 2.4, 245, 4ax)s
2.07-1.80 (m, 2H, cyclobutyl H-3,, 3,); LC-
MS, m/z =279 [M+1]; Anal. Calcd. for
C,H14N,O,S: C, 51.78; H, 5.07; N, 20.13; S,
11.52; Found: C, 57.83; H, 5.13; N, 20.19; S,
11.59.

N-(2-(2-Phenoxyacetyl) hydrazine-1-car-
bonothioyl)cyclopentanecarboxamide (2.12).
Yield: 59 %; Mp.: 158-161 °C; 'H NMR
(400 MHz, DMSO-dy), 8: 12.63 (s, 1H, -C(S)
NH-), 11.48 (s, 1H, -C(O)NH-), 10.81 (br.s,
1H, -HN-NH-C(0O)-), 7.31-7.23 (m, 2H, Ph-
3,5), 7.04-6.92 (m, 3H, Ph-2,4,6), 4.67 (s, 2H,
-CH,OPh), 3.23-3.11 (m, 1H, cyclopentyl
H-1), 1.94-1.51 (m, 8H, cyclopentyl H-5.,
2eqr Saxs 2ax 3eqr 4eqr 3axs 4ax); LC-MS, m/z
=322 [M+1]; Anal. Calcd. for C;sH;oN;05S:
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C, 56.06; H, 5.96; N, 13.07; S, 9.98; Found:
C, 56.12; H, 6.02; N, 13.13; S, 10.04.

N-(2-(2-(Phenylthio)acetyl) hydrazine-
1-carbonothioyl)cyclopentanecarboxamide
(2.13). Yield: 63 %; Mp.: 148-150 °C; 'H
NMR (400 MHz, DMSO-dy), 6: 12.52 (br. s,
1H, -C(S)NH-), 11.51 (s, 1H, -C(O)NH-),
10.05 (s, 1H, -HNNHC(O)-), 7.39 (d, J =
7.7 Hz, 2H, Ph H-2,6), 7.31 (t, J = 7.7 Hz, 2H,
Ph H-3,5), 7.20 (m, 1H, Ph H-4), 3.84 (s, 2H,
-CH,SPh), 3.42-3.36 (m, 1H, cyclopentyl
H-1), 2.21-2.10 (m, 2H, cyclopentyl H-5.,
2¢q), 1.86-1.49 (m, 6H cyclopentyl H-5,,, 2,4,
3eqp 4o H-34x, 40x); LC-MS, m/z = 338 [M+1];
Anal. Calcd. for C;5H,yN;0,S,: C, 53.39; H,
5.68; N, 12.45; S, 19.00; Found: C, 53.43; H,
5.73; N, 12.49; S, 19.06.

N-(2-Benzoylhydrazine-1-carbonothioyl)
cyclopentanecarboxamide (2.14). Yield: 66 %;
Mp.: 193-195 °C; 'H NMR (400 MHz,
DMSO-dy), 6: 12.41 (br.s, 1H, -C(S)NH-),
11.46 (s, 1H, -C(O)NH-), 10.86 (br.s, 1H, -HN-
NH-C(0O)-), 7.91 (d, J = 7.5 Hz, 2H, Ph-2,6),
7.51 (m, 3H, Ph-3,4,5), 2.99 (p, J = 7.9 Hz,
1H, cyclopentyl H-1), 1.95-1.56 (m, 8H, cy-
clopentyl H'Seqa 2eq> 5ax: 2ax: 3eqa 4eqa 3ax, 4ax);
LC-MS, m/z = 292 [M+1]; Anal. Calcd. for
Ci4H17N50,S: C, 57.71; H, 5.88; N, 14.42; S,
11.00; Found: C, 57.76; H, 5.93; N, 14.48; S,
11.08.

N-(2-(2-Aminobenzoyl) hydrazine-1-car-
bonothioyl)cyclopentanecarboxamide (2.15).
Yield: 56 %; Mp.: 195-197 °C; '"H NMR
(400 MHz, DMSO-dy), d: 12.53 (s, 1H, -C(S)
NH-), 11.44 (s, 1H, -C(O)NH-), 8.01-7.30 (m,
3H, Ar H-6, NH,), 7.15 (t, ] = 7.5 Hz, 1H, Ar
H-4), 6.72 (d, J = 8.3 Hz, 1H, Ar H-3), 6.53
(t, J=7.5 Hz, 1H, Ar H-5), 3.03-2.93 (m, 1H,
cyclopentyl H-1), 1.96-1.55 (m, 8H, cyclopen-
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tyl H'Seq’ 2eqb Sam 2ax9 3eqa 4eqa 3ax: 4ax); LC-
MS, m/z = 307 [M+1]; Anal. Calcd. for
C4HgN,O,S: C, 54.88; H, 5.92; N, 18.29; S,
10.46; Found: C, 54.93; H, 5.98; N, 18.32; S,
10.51.
N-(2-(Furan-2-carbonyl)hydrazine-1-car-
bonothioyl)cyclopentanecarboxamide (2.16).
Yield: 63 %; Mp.: 213-216 °C; 'H NMR
(400 MHz, DMSO-dy), 8: 12.47 (s, 1H, -C(S)
NH-), 11.39 (s, 1H, -C(O)NH-), 10.55 (s, 1H,
-HN-NH-C(O)-), 7.73 (br.s, 1H, furyl H-5),
7.21 (d, J=3.6 Hz, 1H, furyl H-3), 6.58-6.51
(m, 1H, furyl H-4), 2.98 (m, 1H, cyclopentyl
H-1), 1.85-1.60 (m, 4H, cyclopentyl H-5,
2eqs H-54x 24x), 1.43—1.14 (m, 4H cyclopentyl
3eqp 4eqr H-3ax, 4ax); Anal. Calcd. for
C,H;5N;05S: C, 51.23; H, 5.37; N, 14.94; S,
11.40; Found: C, 51.28; H, 5.41; N, 15.01; S,
11.48.
N-(2-Thiophene-2-carbonyl)hydrazine-
1-carbonothioyl)cyclopentanecarboxamide
(2.17). Yield: 43 %; Mp.: 155157 °C; 'H
NMR (400 MHz, DMSO-dy), o: 12.20 (br.s,
1H, -C(S)NH-), 11.33 (s, 1H, -C(O)NH-),
10.83 (br.s, 1H, -HN-NH-C(O)-), 7.85 (d, J =
3.8 Hz, 1H, thienyl H-3), 7.64 (d, J = 4.9 Hz,
1H, thienyl H-5), 7.09 (t, J = 4.4 Hz, 1H, thie-
nyl H-4), 3.01-2.97 (m, 1H, cyclopentyl H-1),
1.84-1.60 (m, 4H, cyclopentyl H-5.4, 2,
H-5,x, 2ax), 1.42-1.15 (m, 4H, cyclopentyl 3,
4o H-3,x, 44x); Anal. Caled. for C,,H,;5sN;0,S,:
C,48.47; H, 5.08; N, 14.13; S, 21.56; Found:
C, 48.52; H, 5.13; N, 14.18; S, 21.61.
N-(2-Isonicotinoylhydrazine-1-
carbonothioyl)cyclopentanecarboxamide
(2.18). Yield: 54 %; Mp.: 185-186 °C; 'H
NMR (400 MHz, DMSO-dy), d: 12.34 (br.s,
1H, -C(S)NH-), 11.47 (s, 1H, -C(O)NH-), 11.21
(br.s, 1H, -HN-NH-C(O)-), 8.69 (d, ] = 5.2 Hz,

2H, Pyr H -3,5), 7.79 (t, ] = 4.8 Hz, 2H, Pyr H
-2,6), 3.06-2.94 (m, 1H, cyclopentyl H-1),
1.95-1.55 (m, 8H, cyclopentyl H-5.4, 2.4, Sax
2% 3eqp 4eqr Jax» 4ax); LC-MS, m/z =293 [M+1];
Anal. Calcd. for C;3H;(N,O,S: C, 53.41; H,
5.52; N, 19.16; S, 10.97; Found: C, 53.48; H,
5.59; N, 19.21; S, 11.03.
N-(2-(2-Phenoxyacetyl) hydrazine-1-car-
bonothioyl)cyclohexanecarboxamide (2.19).
Yield: 89 %; Mp.: 160—162 °C; 'H NMR (400
MHz, DMSO-dy), 6: 12.29 (s, 1H, C(S)NH-),
11.48 (s, 1H, -C(O)NH-), 10.90 (s, 1H, -HN-
NH-C(0)-), 7.32-7.27 (m, 2H, Ph H-3,5), 6.98
(m, 3H, Ph H-2,4,6), 4.67 (s, 2H, -CH,OPh),
2.55-2.50 (m, 1H, cyclohexyl H-1), 1.79-1.57
(m, 5H, cyclohexyl H-6.4, 2¢q, 3eqs Seqs Oax)
1.40-1.10 (m, 5H, cyclohexyl H-2,,, 3.., 5.
4eq> 4ax); LC-MS, m/z = 336 [M+1]; Anal.
Calcd. for C;4,H,;N;05S: C, 57.29; H, 6.31; N,
12.53; S, 9.56; Found: C, 57.34; H, 6.39; N,
12.59; S, 9.61.
N-(2-(2-(Phenylthio)acetyl) hydrazine-
1-carbonothioyl)cyclohexanecarboxamide
(2.20). Yield: 61 %; Mp.: 136-138 °C; 'H
NMR (400 MHz, DMSO-dy), 6: 12.50 (br. s,
1H, -C(S)NH-), 11.45 (s, 1H, -C(O)NH-),
11.10 (br.s, 1H, -HNNHC(O)-), 7.32 (d, J =
7.7 Hz, 2H, Ph H-2,6), 7.32 (t, J = 7.7 Hz, 2H,
Ph H-3,5), 7.19 (t, J = 7.4 Hz, 1H, Ph H-4),
3.83 (s, 2H, -CH,SPh), 2.55-2.49 (m, 1H,
cyclohexyl H-1), 1.82—1.57 (m, 5H, cyclo-
hexyl H-6.4, 2¢q, 3eqr Seqs Oax)> 1.39-1.09 (m,
SH, cyclohexyl H-2,,, 3., Sax, 4eqr 4ax); LC-
MS, m/z = 352 [M+1]; Anal. Calcd. for
Ci6H21N30,8,: C, 54.68; H, 6.02; N, 11.96; O,
9.10; S, 18.24; Found: C, 54.72; H, 6.07; N,
12.02; S, 18.29.
N-(2-benzoylhydrazine-1-carbonothioyl)
cyclohexanecarboxamide (2.21). Yield: 48 %;
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Mp.: 183-185 °C; 'H NMR (400 MHz,
DMSO-dy), 6: 12.47 (s, 1H, -C(S)NH-), 11.37
(s, 1H, -C(O)NH-), 10.80 (s, 1H, -HN-NH-
C(0)-), 7.90 (d, J =7.6 Hz, 2H, Ph-2,6), 7.57—
7.42 (m, 3H, Ph H-3,4,5), 2.55 (p, J = 8.4 Hz,
1H, , cyclohexyl H-1), 1.89—1.64 (m, 5H, cy-
clohexyl H-6¢4, 24, 3cqs Seqs 0ax)> 1.48—1.17 (m,
SH, cyclohexyl H-2,,, 3., Saux, 4eq» 4ax); LC-
MS, m/z = 306 [M+1]; Anal. Calcd. for
CsHoN;0,S: C, 58.99; H, 6.27; N, 13.76; S,
10.50; Found: C, 59.05; H, 6.32; N, 13.81; S,
10.58.

N-(2-(4-(Tert-butyl)benzoyl) hydrazine-
1-carbonothioyl)cyclohexanecarboxamide
(2.22). Yield: 81 %; Mp.: 170-175 °C; 'H
NMR (400 MHz, DMSO-dy), 6: 12.46 (s, 1H,
C(S)NH-), 11.33 (s, 1H, -C(O)NH-), 10.66 (s,
1H, -HN-NH-C(0O)-), 7.79 (d, ] = 8.1 Hz, 2H,
Ph-2,6), 7.42 (d, J = 8.1 Hz, 2H, Ph-3,5), 2.56—
2.47 (m, 1H, cyclohexyl H-1), 1.84-1.60 (m,
SH, cyclohexyl H-6¢q, 2¢q, 3cqs Seqs Oax)> 1.46—
1.10 (m, 14H, cyclohexyl H-2,,, 3., -C(CHj3);,
Saxs 4eqp 4ax); LC-MS, m/z = 362 [M+2]; Anal.
Calcd. for C,4H,7N5;0,S: C, 63.13; H, 7.53; N,
11.62, S, 8.87; Found: C, 63.21; H, 7.60; N,
11.69; S, 8.93.

N-(2-(2-Aminobenzoyl) hydrazine-1-car-
bonothioyl)cyclohexanecarboxamide (2.23).
Yield: 49 %; Mp.: 213-216 °C; '"H NMR
(400 MHz, DMSO-dy), d: 12.62 (s, 1H, -C(S)
NH-), 11.34 (s, 1H, -C(O)NH-), 8.18-7.30 (m,
3H, Ar H-6, NH,), 7.15 (t, ] = 7.7 Hz, 1H, Ar
H-4), 6.72 (d, J = 8.3 Hz, 1H, Ar H-3), 6.53
(t, J=7.5Hz, 1H, Ar H-5), 5.30 (d, ] = 4.5 Hz,
2H, -NH,), 2.60-2.46 (m, 1H, cyclohexyl
H-1), 1.92-1.60 (m, SH, cyclohexyl H-6,g, 2.,
3eqr deqp Oax)> 1.51-1.14 (m, 5H, cyclohexyl
H-2,45, 34x Saxs 4eqp 4ax); LC-MS, m/z = 321
[M+1]; Anal. Calcd. for C,;sH,,N,O,S: C,

132

56.23; H, 6.29; N, 17.49; S, 10.01; Found: C,
56.20; H, 6.31; N, 17.42; S, 9.97.
N-(2-(5-Methylfuran-2-carbonyl)hydrazine-
I-carbonothioyl)cyclohexanecarboxamide
(2.24). Yield: 84 %; Mp.: 184-186 °C; 'H
NMR (400 MHz, DMSO-d), o: 12.33 (br.s,
1H, -C(S)NH-), 11.29 (s, 1H, -C(O)NH-),
10.32 (br.s, 1H, -HN-NH-C(O)-), 7.32 (d, J =
2.1 Hz, 1H, furyl H-3), 6.83 (d, J = 2.1 Hz,
1H, furyl H-4), 2.53 (s, 3H, -CHj;), 2.53-2.43
(m, 1H, cyclohexyl H-1), 1.86-1.57 (m, 5H,
cyclohexyl H-6.q, 2¢q, 3¢qs Seqs Oax)> 1.42-1.14
(m, 5H, cyclohexyl H-2,, 3.4, Sax» 4eqr 4ax);
LC-MS, m/z = 310 [M+1]; Anal. Calcd. for
C4H19N;05S: C, 54.35; H, 6.19; N, 13.58; S,
10.36; Found: C, 54.39; H, 6.23; N, 13.63; S,
10.41.
N-(2-(5-Bromofuran-2-carbonyl)hydrazine-
1-carbonothioyl)cyclohexanecarboxamide
(2.25). Yield: 55 %; Mp.: 133-135 °C; 'H
NMR (400 MHz, DMSO-dy), 6: 12.25 (s, 1H,
C(S)NH-), 11.37 (s, 1H, -C(O)NH-), 10.76 (s,
1H, -HN-NH-C(0O)-), 7.24 (d, J = 3.6 Hz, 1H,
furyl H-3), 6.58 (d, J = 3.6 Hz, 1H, furyl H-4),
2.55-2.43 (m, 1H, cyclohexyl H-1), 1.85-1.56
(m, 5H, cyclohexyl H-6.4, 2¢q, 3eqs Seqr Oax)
1.43—-1.10 (m, 5H, cyclohexyl H-2,,, 3., S
4. 4ax); LC-MS, m/z = 376 [M+2]; Anal.
Calcd. for C3H(BrN;0O5S: C, 41.72; H, 4.31;
N, 11.23 S, 8.57; Found: C, 41.79; H, 4.39; N,
11.31; S, 8.62.
N-(2-Benzoylhydrazine-1-carbonothioyl)
adamantane-1-carboxamide (2.26). Yield:
43 %; Mp.: 158-160 °C; 'H NMR (400 MHz,
DMSO-dg), d: 12.64 (br. s, 1H, -C(S)NH-),
11.91 (br. s, 1H, -C(O)NH-), 10.38 (br.s, 1H,-
HN-NH-C(0)-), 7.96 (d, ] = 7.6 Hz, 2H, Ph-
2,6), 7.53-7.34 (m, 3H, Ph H-3,4,5), 2.17-2.05

(m, 15H, Ad H-3, 5, 7, 2es 8ees Quas 2axs Sans

€q> €q> €q>
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9ax)> 1.75-1.62 (m, 6H, Ad 4., 6.4, 10¢q, 4.x,
6 . 10,); Anal. Calcd. for C;oH,;N;0,S: C,
63.84; H, 6.49; N, 11.76; S, 8.97; Found: C,
63.91; H, 6.54; N, 11.81; S, 9.03.

N-(2-Isonicotinoylhydrazine-1-
carbonothioyl)adamantane- 1-carboxamide
(2.27). Yield: 39 %; Mp.: 152-155 °C; 'H
NMR (400 MHz, DMSO-dy), 6: 12.44 (s, 1H,
-C(O)NH-), 11.25 (s, 1H, -C(S)NH-), 10.63 (s,
1H, -HN-NH-C(0O)-), 8.71 (d, ] =4.9 Hz, 2H,
Pyr H-3,5), 7.80 (d, J = 4.9 Hz, 2H, Pyr H-2,6),
2.09-1.61 (m, 15H, Ad); LC-MS, m/z = 359
[M+1]; Anal. Calcd. for C,3H,,N,O,S: C,
60.31; H, 6.19; N, 15.63; S, 8.94; Found: C,
60.38; H, 6.23; N, 15.68; S, 9.03.

Molecular docking. Research was con-
ducted by flexible molecular docking, as an
approach of finding the molecules with affi-
nity to a specific biological target. Macromole-
cules from Protein Data Bank (PDB) were
used as biological targets, namely human
GABA 4 receptor alpha,-beta,-gamma, subtype
(PDB ID - 6X3W), 4-aminobutyrate-amino-
transferase inactivated by gamma-vinyl
GABA; (PDB ID - 1IOHW) and full length
Wild-Type Open-form Sodium Channel
NavMs (NavMs, PDB ID - SHVX) [Protein
Data Bank. http://www.rcsb.org/pdb/home/
home.-do. Accessed September 6, 2020]. The
choice of biological targets was due to the
literature on the mechanism of antiepileptic
drugs activity [1, 5, 21, 22].

Ligand preparation. The substances were
drawn using MarvinSketch 20.20.0 and
saved in mol format [MarvinSketch version
20.20.0, ChemAxon http://www.chemaxon.
com]. After that they were optimized by
program Chem3D, using molecular mechan-
ical MM2 algorithm, and saved as pdb-files.

Molecular mechanics was used to produce
more realistic geometry values for most or-
ganic molecules, owing to the fact of being
highly parameterized. Using
AutoDockTools-1.5.6, the pdb-files were
converted into PDBQT, number of active
torsions was set as default [23].

Protein preparation. PDB files were down-
loaded from the protein data bank. Discovery
Studio v 19.1.0.18287 was used to delete wa-
ter molecules and ligands. Structures of pro-
teins were saved as pdb-files [Discovery Studio
Visualizer v19.1.018287. Accelrys Software
Inc., https://www.3dsbiovia.com]. In Auto-
DockTools-1.5.6 polar hydrogens were added
and saved as PDBQT. Grid box was set as
following: center x = 95.250, center y =
=-125.333, center z = 107.722, size_x = 20,
size y =20, size_z =20 for GABAA receptor
(6X3W); center x = 8.333, center y = 0.222,
center_z = 19.806, size x = 20, size y = 20,
size_ z = 20 for GABAT receptor (10HW);
center x = 73.556, center y = 52.333,
center z = 25.806, size x = 20, size y = 20,
size_z =20 for NavMs (SHVX). Vina was used
to carry docking [23]. For visualization
Discovery Studio v 19.1.0.18287 was used.

Anticonvulsant activity. Estimation of anti-
convulsant activity of the synthesized sub-
stances was carried out on 114 white rats, the
weigh 120-150 g, obtained from the nursery
of the Institute of Pharmacology and Toxicology
of the Academy of Medical Sciences of Ukraine
(Kyiv). The study was conducted under the
«Guidelines for the care and use of laboratory
animalsy, published in the United States (by the
National Institute of Health [24].

Convulsions were modeled by a single sub-
cutaneous administration of pentylenetetrazole
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(«Nizhpharmy, Russian Federation) at a dose
of 80 mg/kg [25]. One hour prior to the ad-
ministration of the convulsant, the test com-
pounds were administered intragastrically at a
dose of 10 mg/kg as an aqueous suspension
stabilized with Tween-80. «Depakine» («Sanofi

Winthrop Industria», France) was used as a
reference drug, administered similarly at a
dose of 150 mg/kg. The control group of ani-
mals intragastrically received a similar volume
of water with Tween-80. The determination of
the testing time was based on the data on the

Table 1. The results of molecular docking of studied compounds

Compd. Affinity (kcal/mol) to human Affinity (kcal/mol) to human Affinity (kcal/mol) to
GABA, receptor (6X3W) GABA; receptor (1IOHW) NavMs (SHVX)

Phenobarbital -7.4 -

Valproic acid - -5.2 -4.9
Topiramate -5.1 — -4.7
Gabapentine -6.1 — -4.2
Lamotrigine — — -5.7
Carbamazepine - - -6.5
2.1 -6.0 -6.9 -4.6
2.2 -6.3 -7.8 -5.4
2.3 -5.8 -7.8 -5.2
2.4 -5.7 -7.9 -4.9
2.5 -6.7 -7.8 -6.8
2.6 -7.0 -7.6 -5.0
2.7 -6.3 -8.3 -5.9
2.8 -6.1 -8.0 -5.8
2.9 -6.5 -7.6 -6.3
2.10 -6.9 -8.5 -5.1
2.11 -6.3 -8.0 -5.8
2.12 -7.2 -6.8 -5.9
2.13 -6.5 -6.7 -5.5
2.14 -6.8 -6.6 -6.2
2.15 -6.4 -7.8 -6.4
2.16 -6.6 -8.3 -5.0
2.17 -6.2 -7.8 -5.3
2.18 -6.5 -8.5 -5.7
2.19 -6.6 -8.4 -5.9
2.20 -6.5 -8.6 -6.0
2.21 -7.0 -8.7 -5.6
2.22 -6.8 -8.7 -6.6
2.23 -7.2 -8.8 -6.4
2.24 -6.3 -8.5 -5.8
2.25 -6.8 -8.2 -4.6
2.26 -7,5 -8,4 -6,3
2.27 -7.1 -8.5 -6.3
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peak of anticonvulsant activity of the test com-
pounds. The severity of the anticonvulsant
effect was evaluated by the duration of the
latent period of convulsion, the type and dura-
tion of convulsions in minutes and the morta-
lity index. The intensity of the convulsion was
assessed using a five-point scale: 0 — no con-
vulsive activity; 1 — hyperkinesia; 2 — trem-
bling, twitching; 3 — clonic spasms of the
forepaws with lifting on the hind legs; 4 —
pronounced tonic-clonic convulsions, falling
of the animal on its side, the presence of a
phase of tonic extension; 5 — repeated clonic-
tonic convulsions, loss of posture, death.

Statistical data processing was performed using
a license program «STATISTICA® for Windows
6.0» (StatSoftInc., Ne AXXR712D833214FANS)
and «SPSS 16.0», «Microsoft Office Excel 2003».
The results are presented as mean + standard error
of the mean. Arithmetic mean and standard error
of the mean were calculated for each of the stud-
ied parameters. During verification of statistical
hypothesis, null hypothesis was declined if statis-
tical criterion was p<0.05 [26].

Results and Discussion

Molecular docking

Molecular docking was used in the first step
of our study, as a tool for predicting the affin-
ity of antiepileptic drugs (Phenobarbital,
Valproic acid, Lamotrigine, Topiramate,
Gabapentin and Carbamazepine) and diacyl-
thiosemicarbazides (2) to active centers of
GABA,-, GABAreceptors and NavMs
(Table 2). The results of molecular docking
showed, that the planned structural modifica-
tion of diacylthiosemicarbazides (2) can be
justified. Thus, the affinity of compounds 2

was significantly higher for GABA; receptor
inhibitors and in most cases was higher or
comparable to NavMs, than the reference com-
pounds (valproic acid, lamotrigine and carba-
mazepine).

This was also confirmed by the visualiza-
tion of the results of molecular docking for
drugs and promising compounds. Compounds
2.5 as well as the phenobarbital inhibitor, have
the highest binding affinity to the GABA,
receptor. Thus, compound 2.5 in the active
center of the receptor has two strong hydrogen
bonds of Nitrogen atoms of the 2-aminoben-
zoylhydrazide group with SER E: 301 (2.21 A)
and LEU A: 223 (2.75 A), as well as p-donor
hydrogen bond of the 2-aminobenzene moiety
with SER E: 301 (3.37 A). (Fig. 2). Moreover,
compound 2.5 is characterized by additional
hydrophobic alkyl and N-alkyl interactions of
cyclopropane and benzene moieties with
PHE E: 304 (4.44 A), PRO A: 228 (4.97 A)
and MET A: 227 (5.36 A), respectively.

The main array of compounds (2.2-2.11,
2.15-2.27) has a greater affinity for the GABA;
receptor. For example, compounds 2.15 with
an active receptor center are predicted to form
twice as many hydrogen bonds and other types
of interactions (hydrophobic, N-alkyl, attrac-
tive) as valproic acid (Fig. 3). Thus, compound
2.15 forms strong hydrogen bonds between the
Nitrogen and Oxygen atoms of the 2-amino-
benzoylhydrazide group with THR B: 353
(2.74 A) and ASN B: 352 (3.27 A), the hydro-
gen atom of the amino group in the 2-amino-
benzyl moiety with THR B: 353 (2.25 A). In
addition to these interactions, compound 2.15
has additional weak hydrogen bonds of the
sulfur atom of the thioamide group with
SER A: 137 (4.26 A), hydrophobic p-alkyl
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LE
A:223 4.88

Interactions Interactions

I conventional Hydrogen Bond [l PP Stacked I conventional Hydrogen Bond [_| Alkyl

Bl Fi-sigma [ Ayl [] pi-Donor Hydrogen Bond [ Pi-Alkyl
Phenobarbital 2.5

Fig. 2. Visualization of affinity according to the docking. 4 — Phenobarbital with GABA ,, B — compound 2.5 with
GABA,.

3.64

5.13
PHE
C:189
Interactions
Interactions I conventional Hydrogen Bond [l Pi-Pi T-shaped
I conventional Hydrogen Bond [ Piraliyl [] carbon Hydrogen Bond [ Alkyl
[ Ay [ Fi-Anion [ pi-aiy
Valproic acid 2.15

Fig. 3. Visualization of affinity according to the docking. 4 — Valproic acid with GABA, B — compound 2.15 with
GABA;.

interactions of the cyclopropane moiety with shaped interactions of the phenyl ring with
VAL A: 300 (4.89 A) and PHE A: 189 (548 A) GLU A: 121 (3.86 A), with ILE A: 72 (5.16 A)
and p-anionic, hydrophobic alkyl and p-p T and PHE B: 351 (4.85) A). It is important that,
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compounds 2.10, 2.18 and 2.23 also interact
with similar amino acid residues but have
other types of interactions.

Visualization of the structure 2.18 with the
active site of NavMs (Fig. 4) allowed us to
establish that the structure has the interactions
similar to those existing between Carbamazepine
and the active site. Visualization was character-
ized by a strong hydrogen bond with VAL A:
197 (2.96 A), hydrophobic interactions (p-al-
kyl) of the cyclopropane moiety with LEU A:
152 (5.08 A) and VAL A: 197 (5.12 A), hydro-
phobic alkyl and p- p T shaped interactions of
the phenyl ring with ALA A: 145 (4.17 A), VAL
A: 141 (5.43 A) and PHE A: 198 (5.53 A).
Similar types of interactions are also charac-
teristic for valproic acid and compounds 2.10,
2.15, 2.22 and 2.23 with the active site of
NavMs.

Thus, the conducted molecular docking and
visualization of its results showed the pros-
pects of synthesis and structural modification
of diacylthiosemicarbazides (2) for the tar-

Interactions
[ Pi-Pi Stacked | Pi-Alkyl
Carbamazepine

geted search for anticonvulsants in this class
of compounds. It is important that, the anti-
convulsant mechanism for these derivatives is
predicted to be similar to the mechanism of
valproic acid (GABA receptor inhibitor and
NavMs blocker) [21, 22].

Chemistry

For further implementation of the research
design, we have used cycloalkanecarbonyl
isothiocyanates, heterocumulenes with an elec-
trophilic center on the carbon atom, which are
characterized by the nucleophile addition reac-
tions. The starting cycloalkanecarbonyl iso-
cyanates were obtained by a known synthetic
approach. It included the synthesis of cycloal-
kanecarbonyl chlorides (1.1-1.5) and their
subsequent interaction with ammonium iso-
thiocyanate (acetonitrile medium) [19, 20].
The latter, without isolation from the reaction
medium (in situ method), reacted regioselec-
tively and quite easily with hydrazides of cy-
cloalkyl- (aralkyl-, aryl-, hetaryl-) carboxylic

Interactions

[ Alkyl
[] Pi-Alkyl

I Conventional Hydrogen Bond
Pi-Pi T-shaped

2.18

Fig. 4. Visualization of affinity according to the docking. 4 — Carbamazepine with NavMs, B — compound 2.18 with

NavMs.
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Scheme 1. Synthesis of new diacylthiosemicarbazides.

acids (Scheme I). Thus, individual diacylthi-
osemicarbazides (2.1-2.27) are produced with
satisfactory yields (39-89 %).

The data of 'H NMR spectra indicated the
formation of compounds 2. Thus , singlet or
broader singlet signals of protons of three am-
ide groups: thioamide (-C(S)NH) at the 13.78—
12.20 ppm, amide (-C(O)NH-) at the 12.58—
11.21 ppm and hydrazide (-HN-NH-C(O)-) at
the 11.20-10.05 ppm were recorded. An inter-
esting aspect of the 'TH NMR spectra of com-
pounds 2.5, 2.10, 2.15 and 2.23 is the absence
of a proton signal of the hydrazide group and
the presence of a broad NH, group multiple in
the o-position of the phenyl substituent. That
is probably due to the hydrogen bonding be-
tween these fragments. Additionally, in the 'H
NMR spectra of compounds 2 there are proton
signals of cycloalkane fragments. They appear
in a strong field as wide multiplets of sequen-
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tially arranged signals of axial and equatorial
protons [20]. For compounds 2.1-2.25, the
methylene proton of the cycloalkane fragment
is registered as a pentet or an expanded multi-
plet in the range of 3.42-2.03 ppm. Its different
chemical shift can be explained by the confor-
mational features of the cycle [20]. Other pro-
tons of the acylhydrazide residue of compounds
2 in the 'H NMR spectra have «classical» mul-
tiplicity and chemical shifts, which are in ac-
cordance with the proposed structures [27].
Additionally, the structure and individuality of
compounds 2 were also confirmed by the chro-
mato-mass spectra, in which the mass of qua-
simolecular ion [M+1] corresponded to the
calculated mass.

Biological assay

According to the results of molecular docking,
diacylthiosemicarbazides, which contain cy-
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clopropane (2.4-2.6), cyclobutane (2.8-2.10),
cyclopentane (2.13-2.15, 2.18), cyclohexane
(2.22) and adamantane (2.26) carboxamide
groups with similar fragments (PhO(S)CH,-,
Ph, o-NH,C¢H,, Pyr, fyrul) on the hydrazide
residue (Fig. 1, Scheme I), were selected by a
randomized method for the study on the model
of pentylenetetrazole seizures.

The results of the studies showed (7able 2)
that the administration of pentylenetetrazole
to experimental animals led to the development
of epileptic seizures with the expressed tonic-
clonic phase and subsequent 100 % mortality.
Thus, in the control group, the latency period
averaged 6.11 minutes, and the duration of
tonic-clonic seizures was 9.11 minutes.
Convulsions observed in this group of animals
had an expressed tonic-clonic character and
recurred periodically. The introduction of dia-

cylthiosemicarbazides (2) to the animals in
experimental group led to an increase in the
latency period of seizures by 2.77-7.82 times.
It is important that compounds 2.6, 2.15, 2.22
were close and compound 2.18 was higher in
potency than the reference drugs Depakine.
The test compounds reduced the duration of
tonic-clonic seizures by 1.23—5.59 minutes and
prevented animal mortality by 30-60 % rela-
tive to the control group. Compound 2.18 ex-
ceeded Depakine.

SAR-analysis showed, that the greatest an-
ticonvulsant activity is characteristic of diac-
ylsemicarbazides, which contain in their struc-
ture cyclopropane- (2.5, 2.6) and cyclopen-
tane- (2.13-2.15, 2.18) carboxamide fragment.
Additionally, a significant effect on the activ-
ity is characteristic for the hydrazide fragment
in the molecule. Thus, the compounds with

Table 2. Anticonvulsant activity of the synthesized compounds

No Compd. Latent‘convqlsion Duration of Vtonic—glonic Mortality, % Severity of c.onvulsion in
period, min convulsion, min points
1 Model control 6.11+0.32 9.11£0.52 100 8.20+0.53
2 2.4 18.40+1.90* 7.33+1.50 70* 7.55+0.65
3 2.5 28.80+1.70* 5.77+1.80 70* 4.87+0.21%*
4 2.6 32.20+1.70* 4.11+1.20 50%* 5.55+0.27
5 2.8 26.10+1.10%* 5.42+1.20 60* 5.71£0.28
6 2.9 17.20+1.20* 7.11+1.20 70* 6.11+£0.54
7 2.10 29.20+1.80* 7.11£1.00 60* 6.33+0.42
8 2.13 27.20+1.30%* 5.55+1.80 50* 5.11+0.34
9 2.14 23.40+1.20% 5.23£1.20 60* 5.55+0.27
10 |2.15 35.20+3.00* 5.51+0.25%* 60* 5.40+0.37*
11 (218 47.80+4.00* 3.524+0.33* 40* 4.30+0.32*
12 (222 34.20+2.10* 4.75+0.33* 60* 4.77+0.23*
13 |2.23 17.40+1.00* 7.66+1.90 70* 6.25+0.55
14 (2.24 19.20+1.70* 7.72+0.82 70* 6.20+0.33%*
15 |[2.25 16.90+1.00* 7.46+1.60 70* 6.12+0.55
16 [2.26 17.70+1.40%* 7.00£1.50 70* 6.22+0.55
17 | Model control 6.22+0.62 7.88+0.77 100 7.30+0.55
18 | Depakine 41.10+0.80* 4.71+0.42%* 40* 3.50+£0.75*

Note. * — significantly (p<0.05) relative to the control group of rats
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phenylthioacetyl (2.13), benzoyl (2.5, 2.14,
2.15) and isonicotinic acid (2.6, 2.18) moieties
in the thiosemicarbazide residue are more ac-
tive. These functional groups can be consid-
ered «key» pharmacophores for revealing the
anticonvulsant activity.

Conclusion

A virtual target-oriented screening, synthesis,
and study of diacylthiosemicarbazides for their
anticonvulsant activity were performed on the
models of pentylenetetrazole seizures in rats.
The structure-activity relationship was dis-
cussed for further targeted search for effective
drugs. New diacylthiosemicarbazides were
synthesized by the in situ method. Biological
screening showed that diacylthiosemicarba-
zides with cyclopropane and cyclopentane-
carbamide groups demonstrate the anticonvul-
sant activity that exceeds or competes with the
reference drug «Depakine». The most active
compound 2.18 was identified for further study
of anticonvulsant activity on other models.
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Ju3aiin, cHHTE3 i MPOTHCYIOMHA AaKTHBHICTH
HOBHX JAianuaTiocemikap0a3uais

O. B. Xomonnusk, B. B. CraBunpkuit, M. C. KazyHin,
H. B. Byxrisiposa, I. I'. Bepecrt, 1. ®@. beneniues,
C. 1. KoBanenko

Merta. CnpssMOBaHUiT TIOIIYK IPOTHCYAOMHUX areHTiB
cepeq1 HEBIZIOMUX JialiiTioceMikapOas3u/iiB 3 00roBOpeH-
HSIM B3a€MO3B’SI3Ky «CTPYKTypa-aKTHBHICTE». MeTomm.
Oprasiqanii CHHTE3; MOJICKYJISIPHHAN TOKIHT; CIIEKTPaJIbHI
METOJIM; IEHTWIICHTETPa30JIbHI CYZJIOMH, CTATUCTHYHI Me-
tomu. Pe3ynsTaTn. Po3poliieHa cTpareris ONIyKy HOBHX
MIPOTHCYIOMHUX areHTIB cepel HeBiIOMUX miaITioce-
Mikap0a3uiB 3 BUKOPUCTAaHHSAM BipTyaJbHO-OPi€HTOBA-
HOTO CKPUHIHTY IIIOJI0 aKTHBHUX IICHTPIiB (DEPMEHTIB Ta
HaTpi€BUX KaHANIB, SKi JEKaTh B OCHOBI MEXaHI3My Iil
MPOTHENUIENITHYHUX TpenapariB. CHHTE3 TianuiiTioceMi-
KapOa3u/IiB MPOBEIICHO METOIOM in Sifu, B3AEMOIIEIO I~
KJIOQJTKAHKapOOHUTXJIOPH/IIB 3 130TiOIiaHATOM aMOHIIO 3
MOAAJIBIINM HYKJICO(DUIBHUM TPHEAHAHHIM TiIpa3ujliB
LUKJTOANKLI- (QpalIKiI-, aprII-, TeTapril-)KapOOHOBUX KHC-
710T. OcoOmuBOCTI OyIOBM CHHTE30BAaHUX CIIONYK ITiATBEp-
JOKEHi CrieKTpambHUMH MeTofaMu (xpomaro- ta 'H-SIMP-
CIIEKTpH). bioNoTiuHMiA CKPUHIHT ITOKa3aB, M0 JialMITi-
oceMukapOazuau (2) Ha eKCIIepUMEHTAIbHIN MOJIei
MIEHTUICHTEPA30IbHUX CYIOM y IIYPiB 301IBIIYIOTH Jia-
TEHTHHUI mepion cynoM y 2.77-7.82 pasu, 3MEHIIIYIOTh
TPUBAJIOCTI TOHIKO-KJIOHIYHMX HamasiB Ha 1.23-5.59 xB.
Ta 3anmo0irarwTh cMepTHOCTI Ha 30—60 %, BITHOCHO 10O
KOHTPOIILHOI TpynH TBapHH. [1okazaHo, o miaruioce-
mikapOazuau (2.6, 2.15, 2.22, 2.18) 3 mUKIONpOIaH-
(UMKITOIIeHTaH-)KapOOKCaMiTHIMHU TPYTaMy BUSIBIISIOTH
MIPOTHUCYIOMHY aKTHBHICTB, III0 TIEPEBHUIILYE 200 KOHKYPY€E
3 eTaJIOHHUM TipeniapaToM Jlenakin. BucHoBku. OTprMaHo
PST HOBUX TIAIMITIOCEMiKapOas3H/IiB, MPOBEACHO IEPBUH-
HUI CKPUHIT HA IPOTHUCYIOMHY aKTHBHICTh, OOTOBOPEHO
B3a€EMO3B 30K «CTPYKTYypa-aKTHBHICTHY» Ta BHSBICHA
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aKTHBHA CTIOITyKa TS TONANBIIIX OLTBII IIHOOKHX dap-
MAaKOJIOTTYHUX JTOCIIDKEHD.

Kaw4doBi cJoBa: miammwirioceMikapOa3uy, TU3aifH,
CHHTE3, TICHTUJICHTETPA30JIbHI CY/IOMH, MPOTHCYIOMHA
AKTUBHICTE.

Jlu3aiin, CMHTEe3 U NPOTUBOCYI0POKHOE
AKTHBHOCTb HOBBIX THANMJITHOCEMHUKAPOA3NI0B

E. B. Xononnsik, B. B. CraBunkuii, M. C. KazyHus,
H. B. Byxrusposa, I I'. bepect, 1. ®. benenunues,
C. 1. Kosanenko

Iesn. HarrpasneHHBIH NOUCK POTUBOCYIOPOXKHBIX areH-
TOB CPEAN HEW3BECTHBIX AMUAIMITHOCEMHUKApOa3nIoB C
00CY>KIICHHEM B3aUMOCBSI3U «CTPYKTYypa-aKTUBHOCTE.
MeTtonbl. OpraHuueCcKuil CHHTE3; MOJIEKYISIPHBINA TOKUHT;
CTEKTPaJIbHbIE METO/bI; IEHTHIIEHTETPA30JIbHbIE CyIOPO-
TH, cTaTucTHUeckre Metoasl. Pesyabrarel. Paspaborana
CTpaTerus MOMCKa HOBBIX IIPOTUBOCYIOPOKHBIX ar€HTOB
Cpelr HEM3BECTHBIX IHALMITHOCEMHUKApPOa3UIOB C HC-
TMOJIb30BaHUEM BUPTYaJIbHO-OPUEHTUPOBAHHOTO CKPUHHH-
ra K akTHBHBIM LICHTpaM ()EpMEHTOB M HATPHUEBBIX KaHa-
JIOB, JIEXKAINX B OCHOBE MEXaHU3Ma JACHCTBUSI IIPOTHUBO-
SMIIENTUYECKUX MpenaparoB. CHHTE3 THAMITHOCEMHU-
Kap0a3n10B MPOBEIIEHO METOIOM in Sifu, B3ANMOJICHCTBH-
€M IHKJIOAIKaHKapOOHWIXJIOPUAOB C M30THOLNAHATOM
aMMOHHUSI C MOCIIEAYIOIINM HYKJICO(UIEHBIM IIPHCOSIH-
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HEHHEM THAPA3UIOB TUKITOATKII-(apalIKiI-, UL, TeTa-
PWII-)KapOOHOBBIX KHCTIOT. OCOOSHHOCTH CTPOSHUS CHH-
TE3UPOBAHHBIX COEIMHEHHUH TTOITBEPXKIICHBI CIIEKTPaIb-
HbBIMU MeTofamu (xpomaro- u 'H-SIMP-criektpsr).
Buonornyeckuii CKpUHHMHT IOKa3aj, YTO JUaLMITHOCE-
MHUKapOasu/pl (2) Ha SKCIIEPUMEHTAIBHON MOJIEH TIeH-
TUIICHTEPA30JIbHAX CYIOPOT Y KPBIC YBEIIMIMBAIOT JIATCHT-
HBIN ITeprof] cyaopor B 2.77—7.82 pa3a, yMEHBIIIAIOT MIPO-
JIOJIKUTEITbHOCTh TOHUKO-KIIOHUYECKUX MPUCTYIIOB Ha
1.23-5.59 MuH. ¥ npenoTBpaIalOT CMEPTHOCTh Ha 30—
60 %, 110 OTHOIIEHHUIO K KOHTPOIBGHOMN IPYIITE )KHBOTHBIX.
Ilokazano, yTo AuarpUITHOCEMUKapoasuabl (2.6, 2.15,
2.22, 2.18) ¢ muKIONponaH-(IHUKIOEHTaH-) KapOoKca-
MUJHOMU I'PyNIION Y MOJIEKYJIE IPOSIBIISIIOT TPOTUBOCYIO-
POXXHYIO aKTUBHOCTB, NPEBBIIIAIONITYIO I KOHKYPUPY-
FOIIYFO C 3TaJOHHBIM IpernaparoM [lenmakvH. BuIBoabI.
ITomy4en psix HOBBIX AMAIMITHOCEMHUKApOa3nUIOB, IPO-
BE/ICH MEPBUYHBINA CKPUHHT Ha IIPOTHBOCYIOPOKHYIO
AKTHBHOCTB, 00CYKIICHA B3aUMOCBSI3b «CTPYKTYpa-aKTHB-
HOCTB» ¥ BBISIBJICHO aKTHBHOE COSIMHEHHE JUTS TaTbHeii-
X Ooree NyOOKUX (hapMaKoJIOrMYECKHX HCCIIET0BaHHMI.

KawueBble ¢JI0Ba: IHAIUITHOCEMHUKapOa3HIbI,
JTM3aiiH, CUHTE3, IEHTUJICHTETPA30JIbHBIE CYIOPOTH, TPO-
THUBOCYIOPOXKHAsI AaKTUBHOCTb.
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