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SYNTHESIS AND ANTICONVULSANT ACTIVITY EVALUATION OF
N-[(2,4-DICHLOROPHENYL)METHYL]-2-(2,4-DIOXO-1H-QUINAZOLIN-3-
YL)ACETAMIDE NOVEL 1-BENZYLSUBSTITUTED DERIVATIVES

Wassim El Kayal, Hanna Severina, Vadim Tsyvunin, Sergiy Zalevskyi, Sergiy Shtrygol,
Sergiy Vlasov, Olga Golovchenko, Sergiy Kovalenko, Victoriya Georgiyants

The aim. Synthesis of 1-benzylsubstituted derivatives of N-[(2,4-dichlorophenyl)methyl]-2-(2,4-dioxo-1h-quinazolin-3-
yl)acetamide, and determination of affinity to GABAergic biotargets with the following anticonvulsant activity estima-
tion using PTZ-induced seizures model in mice.

Materials and methods. Standard organic synthesis methods were used; the structure of the synthesized compounds
was proved by elemental analysis, '"H and C NMR spectroscopy, and LC/MS method; composition of the synthesized
compounds — by elemental analysis, their individuality — by TLC and LC/MS methods. AutoDockTools-1.5.6, as well as
AutoDock Vina software, was used to perform molecular docking. Anticonvulsant activity was studied using pentylene-
tetrazole-induced seizures in mice.

Results. A targeted N-[(2,4-dichlorophenyl)methyl]-2-(1-(R-benzyl)-2,4-dioxo-quinazolin-3-yl)acetamides were ob-
tained by alkylation of N-[(2,4-dichlorophenyl)methyl]-2-(2,4-dioxo-1H-quinazolin-3-yl)acetamide by corresponding
1-chloromethylbenzene in dimethylformamide environment with excess of potassium carbonate at a temperature
70-80 °C. Prediction of activity of 1-benzyl derivatives in the pentylenetetrazole-induced seizures in an in vivo experi-
ment was carried out according to the obtained results of docking studies — affinity calculation for GABA receptor and
GABA enzyme active sites, as well as analysis of conformational placement in them. In relation to the binding energy,
the studied ligands were inferior to the reference drugs: GABA receptor positive allosteric modulators — benzamidine
and diazepam, and GABA inhibitor — vigabatrin. The synthesized substances did not show anticonvulsant activity: only
2 compounds have shown a tendency to their activity manifestation according to the criterion of integral protective
indicator — reduction of mortality by 17 % compared to control, as well as prolonging the time death of the animals.
Comparison with the preliminary obtained results of the activity of the promising anticonvulsant N-[(2,4-
dichlorophenyl)methyl] -2-(2,4-dioxo-1H-quinazolin-3-yl) acetamide N-[(2,4-dichlorophenyl)methyl]-2-(2,4-dioxo-1H-
quinazolin-3-yl)acetamide made possible to prove the pharmacophore role of the cyclic amide fragment in anticonvul-
sant activity manifestation.

Conclusion. The synthesis of N-[(2,4-dichlorophenyl)methyl]-2-(1-(R-benzyl)-2,4-dioxo-quinazolin-3-yl)acetamides,
which have not still described in the literature, was carried out, as well as the structure of the mentioned compounds
was proved. Unfortunately, the substances did not show anticonvulsant activity on the model of pentylenetetrazole-
induced seizures. However, the obtained results allowed establishing the key role of the NHCO cyclic fragment on anti-
convulsant activity. A positive correlation between the results of in vivo studies and in silico calculations was found —
the model of pentylenetetrazole-induced seizures and docking into the active sites of PAMs GABA , receptor and enzyme
inhibitor GABA 41, which allows to recommend the given docking methodology as a tool to streamline and optimize the
screening on the mentioned model
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1. Introduction ulation of all ages [3] and leading to the patients’ disabil-

Epilepsy is a neurological disease characterized ity. According to the statistical data, several comorbid
by a persistent predisposition to epileptic seizures and conditions are observed in patients with epilepsy, and the
related cognitive, psychological, and social consequences main part belongs to neurological and mental disorders,
[1]. Epilepsy remains one of the most widespread neuro- including neuropathic pain, migraine, depression, anxie-
logical diseases [2], affecting about 1 % of the total pop- ty, psychosis, neurosis, dementia, etc. [4, 5].
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In modern neurological practice, about 30 anti-
convulsants of three generations are used [6], and almost
the same number is in preclinical and clinical trials [3].
In recent decades, such a dynamic search for new an-
tiepileptic drugs (AEDs) is due both to the severe side
effects of the existing ones [7, 8], and to increasing rates
of refractory epilepsy forms development. About
20-30 % of patients have the lack of sensitivity to phar-
macocorrection, even with combination therapy includ-
ing 2-3 anticonvulsants [9, 10]. It should also be noted,
that the discovery of new anticonvulsant biotargets, as-
pects of epileptogenesis development and vectors for its
modulation stipulate the need of the further search for
new substances having multifactorial mechanisms of
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anticonvulsant activity realization, better efficiency and
higher safety profile.

Structural modification of the known drugs is a
component of the modern rational drug-design of anti-
convulsants [11]. Metaqualone is of considerable interest
in this direction due to it’s a positive allosteric modulator
of the GABA receptor with pronounced anticonvulsant,
hypnotic and soporific activity [12].

In result of its structure modification, anti-
covulsants having a spectrum of activity in models of
chemotoxic convulsions and maximal electroshock sei-
zures (MES) were obtained (Fig. 1) [13, 14], but none of
them is currently used due to its ability to become
addictive.
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Fig. 1. Methaqualone and its structural analogues with anticonvulsant activity

N-[(2,4-dichlorophenyl)methyl]-2-(1-(R-benzyl)-
2,4-dioxo-quinazolin-3-yl)acetamides was synthesized as
a structural metaqualone analogue in result of our own
research (Fig. 1), and its strong anticonvulsant potential
in the model of pentylenetetrazole induced (PTZ) sei-
zures in mice was detected [15]. It was found that the
studied compound completely protects the laboratory
animals from seizures and mortality and exceeds the
reference drug sodium valproate.

The quinazoline 1 derivative has shown low tox-
icity and no muscle relaxant effect on the laboratory
animals in the rotarod test, but it also has shown slight
activity on the model of MES. Based on the principles of
the pharmacophore model of AEDs development [16],
the study was continued to modify the structure of the
leader compound in the previous research [15] to possi-
bly improve the pharmacological profile.

The aim of research. The aim of the given study
was the synthesis of 1-benzyl-substituted derivatives of
N-[(2,4-dichlorophenyl)methyl]-2-(1-(R-benzyl)-2,4-
dioxo-quinazolin-3-yl)acetamide, determination of affini-
ty for GABAergic biotargets with the following study of
their anticonvulsant activity using the model of PTZ
induced seizures in mice.

2. Planning (methodology) of research

The study is based on the modification of
«quinazoline» matrix — the main structural fragment of
the anticonvulsant metaqualone and includes all stages of
the «drug-design» modern concept (Fig. 2).

In designing the target compounds, the principles
of the pharmacophore model of AEDs creation were kept
[16], and logical-structural analysis of the literature data
concern the fragmentary effect on the level of anticonvul-
sant activity was followed. The pharmacophoresis of the
cyclic NHC=0O group as a hydrogen bonds domain for
possible stabilization of the ligand conformation in the
active site of the receptor has been repeatedly discussed
[17, 18]. On the other hand, introduction of distally allo-
cated hydrophobic domains increases lipophilicity,
strength and duration of activity. In the modern AEDs:
lacosamide, retigabine and rufinamide, the role of the
hydrophobic domain is performed by the benzyl substitu-
ent [16]. According to the literature data, in the structure of
quinazolinone derivatives, benzyl radical also increased
the anticonvulsant activity level [19, 20]. Therefore, for
potential improvement of the activity parameters of the
leader compound of the previous studies and determina-
tion of the role of the cyclic amide fragment of derivative
1 on the anticonvulsant activity manifestation, its N-
benzyl-substituted derivatives were constructed (Fig. 3).
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Synthesis of compounds and their structure substantiation

Estimation of the affinity of the studied ligands to GAB Aergic biotargets using
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=l 1 3 Pharmacological screening using the model of PTZ induced seizures

Fig. 2. Algorithm of the research

Target substances

Rufinamide

A = hydrofobic domen HAD = hydrogen bond domen - acceptor/donor D = electron donor

Fig. 3. Pharmacophore model principles of anticonvulsant activity on example of the modern AEDs and the targeted

compounds
The choice of radicals in the aryl fragment was cerning the substituents effect on anticonvulsant activity
based on the literature data and our research results con- [21, 22]. Introduction of fluorobenzyl radicals was due to
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the presence of fluoroaryl radicals in the structure of the
modern anticonvulsants retigabine, rufinamide, proga-
bide (Fig. 1).

The search for new AEDs in accordance with the
International League Against Epilepsy (ILAE) and the
Epilepsy Therapy Screening Program (ETSP) recom-
mendations [23] consisted of the integrated use of the
screening models of seizures having various pathogene-
sis. However, high mortality rates of the animals during a
pharmacological experiment interfere with effective search
for AEDs and require substantiation of its expediency. The
use of the modern target-oriented virtual screening was
planned to rationalize the search for new AEDs by predict-
ing their activity on the screening model.

3. Materials and methods

Sigma-Aldrich (USA) solvents and reagents were
used in the study. TLC method with «SorbfilUV-254»
plates was used to control the reactions. Chromatography
eluent — ethyl acetate — methanol system (9:1), iodine
vapor was used as developer. Melting temperatures (°C)
were determined in the capillary on the electrothermal
digital device IA9100X1 (Bibby Scientific Limited, Staf-
fordshire, UK). Euro Vector EA-3000 (Eurovector SPA,
Redavalle, Italy) micro analyzer was used for elemental
analysis. The obtained elemental analysis results were
within + 0.4 % of the theoretical values. 'H and "*C spec-
tra of the synthesized compounds were obtained using
Bruker Varian Mercury (Varian Inc., Palo Alto, CA,
USA), 400 MHz and 100 MHz frequency, respectively,
DMSO-d6 was used as a solvent, internal standard —
tetramethylsilane. Chemical shifts are given in the scale &
ppm. LC/MS spectra were registered by liquid chroma-
tography AP ESCIEXAPI 150E X detector.

N-[(2,4-dichlorophenyl)methyl]-2-(2,4-dioxo-
1H-quinazolin-3-yl)acetamide (1) was obtained and
described previously [15].

General method of N-[(2,4-dichlorophenyl)
methyl]-2-(1-(R-benzyl)-2,4-dioxo-quinazolin-3-yl)aceta-
mide 3.1-3.11 synthesis

A mixture of N-[(2,4-dichlorophenyl)methyl]-2-
(2,4-dioxo-1H-quinazolin-3-yl)acetamide (0.2 g, 0.53
mmol) and dry potassium carbonate (0.22 g, 1.59 mmol)
were dissolved in 2 ml of dry DMFA and mixed during
15 minutes at a room temperature. Then the alkylator —
the corresponding  substituted benzyl chloride
(0.58 mmol) — was added into the reaction mixture, and it
was stirred at 80°C for 8-10 hours. The reaction was
monitored by TLC in ethyl acetate — methanol system
(9:1). As soon as the reaction completed, the solution
was diluted with water (25-50 ml). The resulting precipi-
tate was filtered off and washed with water (20 ml). The
substance was crystallized from methanol. Product yield
was 80-95 %.

3.1. Molecular docking

AutoDock Vina ta AutoDockTools 1.5.6 software
was used for molecular docking studies [24]. Protein
Data Bank macro molecules were used as biotargets [25]:
GABA, (PDB ID 4COF and 6HUP), GABA,r (PDB
ID-10HW).

BIOVIADraw 2017R2 tool was used to construct
the database of candidate structures, which were saved as

.mol files. The structures were optimized by Chem3D
software using MM?2 molecular mechanical algorithm
and saved as .pdb files. Then, they were converted to
.pdbqt by AutoDockTools-1.5.6 [26]. Discovery Studio
Visualizer 2017/R2 was used to remove the solvent and
native ligand from the macromolecule, the latter was
saved in .pdb format. Polar hydrogen atoms were added
to the protein structure and saved in .pdbqt format using
AutoDockTools-1.5.6.

Grid box size and its center was indicated by the
native ligand.

GABA, (PDB ID 4COF): x=-3.45, y=-31.27,
z=118; size x=30, y=32, z=84;

GABA, (PDB ID 6HUP): x=117.4, y=157.4,
z=110,4; size x=26, y=28, z=20;

GABA,r (PDB ID 10HW): x=9.75, y=-0.87,
7=20.85; size x=28, y=24, 7=28.

Discovery Studio V17.2.0.16349 was used for vis-
ualization and analysis of the obtained docking results.

3.2. Anticonvulsant activity

Animals

Random-bred male albino mice with an average
weight 18-22 g were purchased from the Animal House
of the Central Research Laboratory of the Educational
and Scientific Institute of Applied Pharmacy of the Na-
tional University of Pharmacy, (Kharkiv, Ukraine) for
pharmacological study. Every group of 10 animals was
kept in standard plastic cages, at room temperature of
20 £ 2 oC, exposed to a 12:12 h light/dark cycle, with a
standard laboratory feeding and drinking regimen.

All types of pharmacological studies started at
9 a.m. and finished before 3 p.m. The purchased labora-
tory mice were randomly divided in tested groups con-
sisting of 6 animals. All the necessary procedures involv-
ing animals were performed in accordance with the ethi-
cal standards of the institution or practice, responsible for
the studies and were approved by the Local Ethical
Committee in National University of Pharmacy, Kharkiv,
Ukraine (Approval No: 3/2019). The studies met the
requirements of Directive 2010/63/EU of the European
Parliament and of the Council of 22 September 2010 on
the Protection of Animals Used for Scientific Purposes,
the procedures and requirements of The State Expert
Center of the Ministry of Health of the Ukraine , the
rules of The European Convention for the Protection of
Vertebrate Animals used for Experimental and Other
Scientific Purposes (Strasbourg, 1986), the resolution of
the First National Congress on Bioethics (Kyiv, 2001),
and the Law of Ukraine Ne3447- IV «On Protection of
Animals from Cruel Treatment» dated 02.21.2006.

Subcutaneous Pentylenetetrazole Model (scPTZ) [27]

The mice were divided into groups: the 1% group
is the control (n=6) — the model of corazole-induced
seizures (Pentylenetetrazole, «Sigma», USA) in the dose
of 90 mg/kg subcutaneously as a water solution; the 2" —
reference drug group (n=6) — sodium valproate («De-
pakine», Sanofi-Aventis, France) in the dose of
300 mg/kg [28] intragastrically 30 minutes before cora-
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zole administration. The 3™ — 6™ groups are the tested
animals (n=6) having the studied compounds in empirical
doses of 100 mg/kg through a tube into the stomach as a
suspension in twin-80 30 minutes before PTZ injection.

The effect of the compounds was estimated by the
latent period of clonic or tonic seizures, the number of
clonic-tonic paroxysms per mouse, the number of ani-
mals with clonic and tonic seizures, the severity of sei-
zures, duration of the seizure period, time of death and
lethality. If seizures did not occur within 1 hour, the
latency period was taken for 60 minutes. The severity of
seizures was determined in points: 1 — tremor, 2 — ma-
nege running, 3 — clonic seizures, 4 — clonic-tonic con-
vulsions with lateral position, 5 — tonic extension, 6 —
tonic extension, which leads to the death of animals.

3.3. Statistical analysis

STATISTICA 12.0 for Windows was used for sta-
tistical analysis. The obtained data were reported as the
mean * standard error of mean (mean = SEM). The sta-
tistical significance level was considered as p < 0.05. The
parametric Student’s t-test (normal distribution) and
nonparametric Mann—Whitney U-tests (distribution ab-
sence) were used to analyze the statistical differences
between the groups. The Fisher’s angular transformation
(with Yates’s correction, if necessary) was used to ex-
plain the alternative results (lethality, percentage of mice
with clonic and tonic convulsions).

4. Result

The initial N-[(2,4-dichlorophenyl)methyl]-2-(2,4-
dioxo-1H-quinazolin-3-yl)acetamide (1) ) synthesized ac-
cording to the previously developed preparative method
[15]: from methyl 2-isothiocyanatobenzoate and glycine,
obtained 2- (4-oxo-2-thioxo-1,4-dihydroquinazolin-3(2H)-
yDacetic acid, converted to 2-(2,4-dioxo-1,4-dihydro-
quinazolin-3(2H)-yl)acetic acid by hydrogen peroxide oxi-
dation, the interaction of the Ilatter with N,N'-
carbonyldiimidazole and 2-chloro-N-[(2,4- dichloro-
phenyl)methyl]acetamide allowed to obtain the target acet-
amide 1 (Fig. 4).

Alkylation of N-[(2,4-dichlorophenyl) methyl]-2-
(2,4-dioxo-1H-quinazolin-3-yl) acetamide (1) was car-
ried out by interaction with the corresponding 1-
chloromethylbenzene (2) in dimethylformamide medium
in the presence of potassium carbonate excess at a tem-
perature of 7080 °C, i.e. under traditional alkylation con-
ditions [18, 29].

The synthesized compounds 3.1-3.11 are white
crystalline substances having exact values of melting
points (Table 1). All 3.1-3.11 derivatives are easily solu-
ble in dioxane, dimethylformamide, and insoluble in
water. The structure of the synthesized compounds and
their individuality were proved by TLC, LC/MS, 'H
NMR spectroscopy, and elemental analysis. For 3.1, 3.7,
and 3.10 compounds, the structure was additionally
proved by *C NMR spectroscopy data.

1 DMF/K,CO,

L I e

1

R= 3.1 3-Cl; 3.2 4-Cl; 3.3 2,4-diMe; 3.4 2,5-diMe; 3.5 2-F; 3.6 2,4-diF; 3.7 2-CN;
3.8 4-NO,; 3.9 4-OMe; 3.10 3-F, 4-OMe; 3.11 2-CL, 4-F
Fig. 4. The synthesis of N-[(2,4-dichlorophenyl)methyl]-2-(1-(R-benzyl)-2,4-dioxo-quinazolin-3-yl)acetamide

All corresponding proton signals were present in the '"H NMR spectra (Table 2). When compared with the spec-
trum of the original acetamide 1 [15], the appearance of benzyl radical protons — methylene group signal in singular
form at 5.55-5.25 ppm, as well as additional aromatic protons appearance, and the absent signal of NHCO group of
quinazoline cycle at 11.5 ppm were specific for the spectra of all synthesized compounds 3.1-3.11. The large number of
aromatic protons in the structure of 3.1-3.11 compounds led to their signals overlaying, which complicated their inter-
pretation with reference to the allocation in the cycle, but their number was fully consistent with the structure of com-
pounds. The proton signal of the NHCO benzylamide residue group resonated in the triplet form at & 8.82-9.72 ppm,
and the methylene group — in the doublet form at 4.35-4.33 ppm. Protons of the methylene CH,CO group of 3.1-3.11
compounds were detected as singles in 4.71-4.68 ppm range. Signals of methoxy and methyl groups in 3.3, 3.4 and 3.9,

3.10 compounds, respectively, were also recorded.
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Table 1

Physico-chemical characteristics of N-[(2,4-dichlorophenyl)methyl]-2-(1-(R-benzyl)-2,4-dioxo-quinazolin-3-
ylacetamide (3.1-3.9)

Ne Yield | Melting temp. Calculated, % LC/MS m/z,
o R % °C Gross formula Mm Found, % [M+H]
C H N

3.1 3-Cl 90 233-5 CpH 5CI3N;05 | 502.78 % % % 504.0
32 4-Cl 95 235-7 CpH 5CL3N;05 | 502.78 % % % -

33 | 2,4-diMe 83 228-30 Cy6Hy3CLN;05 | 496.38 % % % 497.3
34 | 2,5-diMe 80 222-6 Cy6Hy3CLN;05 | 496.38 % % % 496.9
35 | 2F 86 210-2 CoHsCLEN,O; | 48632 | 2057 | 313 | 804 487.1
3.6 2.4-diF 82 165-7 C,4H;,CLF,N;0; | 504.31 % % % 505.1

3.7 2-CN 88 230-2 CysHsCLN,O; | 493.34 % % %gg 4934
3.8 4-NO, 80 288-90 CpqH3sCLN,Os | 513.32 % % %gé 513.0
3.9 4-OMe 93 226-8 CysHy CLN;O, | 498.35 28% % % 498.5
3.10 301;\/;; 88 217-9 CysHyCLEN;O, | 516.34 gg% % % 516.2
3.11 | 2-Cl,4-F 82 232-4 C,4H7CL3EN;0;5 | 520.76 gg% % % -

Table 2

'"H NMR spectra of the synthesized 1-benzyl derivatives of N-[(2,4-dichlorophenyl)methyl]-2-(2,4-dioxo-1H-
quinazolin-3-yl)acetamide (3.1-3.11)

Compound | NHCO, t, 1H Ar-H CH,Bn2H ¢ | CH,CO, 2H ¢ | NHCH,2H, d | Other protons signals
1 2 3 4 5 6 7
8.10, 1H, dd, J=1.6 Hz
377 7.70, 1H, t, J=8 Hz 4.35
3.1% J= 5 Hz 7.59,1H, s 5.41 4.69 J=6 Hz -
7.43,1H, s J=4 Hz
7.37-7.28, TH, m
8.09 1H, dd, J=1.6 Hz
8.75 7.69, 1H, t, J=8 Hz 4.34
3.2 J=4.8 Hz 7.59, 1H, s >.38 4.69 J=6Hz
7.37-7.22 8H, m
8.10, 1H, dd, J=1.6 Hz
7.71, 1H,t,J=8.8 Hz
8.75 7.60, 1H, d, J=2.4 Hz 4.34 2.33,3H, ¢, CH;
3.3 J=5 Hz 7.36-7.22, 3H, m 5.25 4.70 J=6 Hz 5.09.3H. c. CH
7.10-7.06, 2H, m 2R
6.95, 1H, d
6.64. 1H, s
8.11, 1H, dd, J=1.6 Hz
7.70, 1H, t, ]=8.8 Hz
7.59,1H,d,J=2.4 Hz
8.75 7.36-7.22, 3H, m 4.34 2.33, 3H, ¢, CH;
3.4 J=5Hz 7.10, 1H, d, J=8 Hz 325 470 J=4 Hz 2.09, 3H, ¢, CH;
7.06, 1H, d, J=8.4 Hz
6.95,1H,d, J=8 Hz
6.64. 1H, s
8.11,1H, dd,J=1.2 Hz
7.72, 1H,t,J=8.8 Hz
8.78 7.60, 1H, s 4.33
35 J=5Hz 7.37,1H, s 341 4.68 J=6Hz B
7.34-7.25, 5H, m
7.12-7.07, 2H, m
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Continuation of the Table 2

1 2 3

5 6 7

8.11,1H,d,J=1.2Hz
7.72,1H,t,J=8.8 Hz
8.76 7.60, 1H, s
J=5Hz 7.36-7.27, 5H, m
7.22-7.11, 1H, m
6.96-7.07, 1H,t,J=1.2 Hz

3.6

5.37 4.61

4.33
J=5.6Hz

8.15,1H,d,J=8.4 Hz
7.92,1H,d,J=8.4Hz
7.79,1H,t,J=8.2 Hz
8.82 7.59,2H,t,J=8 Hz
J=5Hz 7.48,1H,t,J=8.2Hz
7.35,3H,t,J=8 Hz
7.29,1H,d,J=10 Hz
7.20,1H,d, J=10 Hz

3.7%

4.33

5.55 4.66 -

J=5.6Hz

8.17,1H, d, J=8.8 Hz
8.10, 1H, d, J=8.8 Hz
8.79 7.70, 1H,t,J=8 Hz
J=5Hz 7.59,3H,d,J=9.2 Hz
7.35,1H, s
7.32-7.21,4H, m

3.8

5.54 4.68

4.33
J=5.6Hz

8.08 1H, dd, J=1.2 Hz
3.80 7.69,1H,t,J=8 Hz
39 J= 5 Hz 7.61,1H,dd,J=1.6 Hz
7.40-7.25, 6H, m
6.86,2H,d,J=8.4 Hz

5.32 4.69

4.33

156 Hy 3.70, 3H, s, OCH;

8.08, 1H, dd, J=1.6 Hz
7.70,1H, t,J=8.8 Hz
7.60, 1H, s
3.10* J=85719—Iz 7.36,2H, s
7.35-7.29,2H, m
7.20,1H,d, J=8.4 Hz
7.12-7.01. 2H, m

5.32 4.69

4.33

156 Hy 3.79, 3H, s, OCH;

8.13,1H,d,J=7.6 Hz
872 7.72,1H,t,J=8 Hz
3.11 = 5 Hz 7.58-7.50, 2H, m
7.35-7.30, 3H, t, J=6.8 Hz
7.13-7.07,3H, m

5.36 4.68

4.33
J=5.6 Hz

Note:*C NMR (100 MHz, DMSO-d6) :

3.1167.17, 161.14, 150.88, 139.57, 138.83, 135.46, 133.43, 132.81, 132.24, 130.43, 129.99, 128.52, 128.24, 128.15, 127.35, 127.27,

126.52, 125.25, 123.14,115.37, 114.89, 45.90, 44.02, 39.86.

3.7 167.03, 161.10, 157.81, 150.69, 139.67, 139.62, 135.70, 135.32, 133.63, 133.44, 132.82, 132.24, 129.99, 129.94, 128.53, 128.30,
128,17, 127.26, 126.29, 123.39, 117.09, 115.29, 114.65, 110.03, 45.37, 43.94, 39.8.

3.10 167.15, 161.12, 157.92, 153.09, 150.09, 146.38, 139.56, 135.37, 132.83, 132.24, 130,00, 129.04, 128.96, 128.43, 127,26,
123.06, 122.98, 115.32, 114.99, 114.67, 114.00, 56.02, 45.45, 43.97, 39.86.

In the *C NMR spectra of compounds 3.1, 3.7,
3.10, the signals of heterocyclic carbon atoms (the 2™
and the 4™ quinazoline ring atoms) and amide carbonyl
groups C=0 could be considered to be specific — three
clear signals in the range of 167.17-150.88 ppm. Carbon
atoms of aromatic fragments resonate resonated in the
specific area — 153.09-114.0 ppm and corresponded to
the structure of compounds by the number. The aliphatic
methylene groups carbon atoms are clearly identified:
CH,CO - 45.90-45.37 ppm, CH,Bn - 44.02-43.94 ppm,
CH,NH - 39.86-39.80 ppm. Carbon of the nitrile group
of compound 3.7 was fixed at 110.03 ppm, and the meth-
oxy group of compound 3.10 — at 56.02 ppm.

Candidate compounds for in vivo experiment were
selected according to results of the docking into the ac-
tive site of the positive allosteric modulator (PAM) of
GABA, receptor (PAM ID 4COF) [30], the active site of
benzdiazepines (BDZ) of GABA, receptor (PDB ID
6HUP) [31] and the site GABA st enzyme inhibitor (PDB
ID 10HW) [32]. The choice of biotargets was explained
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by the fact that the synthesized 3.1-3.11 compounds were
quinazolinone 1 analogues, which showed its activity on
PTZ-induced model of seizures. Efficacy in PTZ-induced
model of seizures indicates GABAergic anticonvulsant
mechanism [33]. PTZ has a proconvulsive effect due to
its ability to bind two active sites of the GABA receptor
complex [34] — through a picrotoxin site that inhibits the
work of GABA, receptors by closing the chloride channel
and reducing cortical neurons hyperpolarization, as well as
and through competitive binding to benzodiazepine.

The ability of the used docking algorithm to re-
produce experimental data was confirmed by evaluation
of conformation and interactions between amino acid
residues of native reference ligands: benzamidine (BA)
and diazepam (DZP) — agonists of GABA4R and vigaba-
trin (VGN) — GABA 4y inhibitor. The binding energy was
quantified by the affinity (Table 3). 3D visualization of
the reference and investigated ligands conformation on
the example of 4-methoxybenzyl derivative 3.9 is pre-
sented in Fig.4-6.
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Table 3
Binding energies of the studied 3.1-3.11 and
reference ligands with GABA 4 and GABA 4t active sites

Targets
. GABAAR GABAAR GABAar
Ligands | pAM bind- | BDZbind- | inhibitor
ing site ing site binding site
BA -8.4 — -
DZpP — -9.9 -
VGN — — 8.5
3.1 7.0 8.5 —6.4
32 -6.9 -8.4 6.5
33 7.1 -8.0 7.2
34 —6.8 8.1 7.4
3.5 7.0 -8.2 7.6
3.6 7.0 -8.2 7.4
3.7 —6.8 7.8 —6.4
3.8 —6.8 7.9 —6.6
39 7.4 9.5 —6.9
3.10 7.2 9.1 7.4
3.11 7.1 -9.0 1.3

The binding energies of all synthesized ligands
3.1-3.11 were significantly higher than the binding ener-
gies of the reference drugs (Table 3), which points to a
moderate affinity for the studied biotargets. The best
values of scoring functions to all biotargets were calcu-

lated for 4-methoxybenzyl derivative 3.9: —7.4 wvs.
—8.4 kcal/mol in BA, 9.5 vs. 9.9 kcal/mol in DZP in
the case of GABA,, —6.9 vs. —8.4 kcal/mol in VGN at
docking in GABA 1 enzyme. The worst binding energy
was predicted for 4-nitro- (3.8) and 2-cyanobenzyl-
substituted (3.7) derivatives.

The conformational arrangement analysis of 3.1-
3.11 ligands into the active site of GABA, receptor has
shown that immersion into the pocket occurs due to the
benzylacetamide fragment (Fig.5a on example of ligand
3.9). The latter starts hydrophobic interaction between
tyrosine residues (TYR62, 205) and phenylalanine
(PHE200), which are the main for native benzamidine
fixation (Fig. 5, b) [30]. Quinazoline pyrimidine frag-
ment also interacted with the active site amino acids, but
1-benzyl radical was fixed outside the pocket, as well as
the aromatic ring of quinazoline. According to the virtual
prediction results, the stable existence of such a confor-
mation and, accordingly, the possibility of positive allo-
steric modulation of the GABA 4 receptor by ligands 3.1-
3.11 was improbable.

The highest affinity level of ligands 3.1-3.11
was calculated for the benzdiazepine GABA, receptor
active site, namely —7.8 to —9.2 kcal/mol [31], although
inferior to native diazepam affinity (9.9 kcal/mol). Con-
formational allocation in the hydrophobic pocket of the
active site is visualized in Fig. 6 a, b on example of 3.9
derivative

Figure 5. 3D visualization of 3.9 ligand (yellow molecule): a — with BA (green molecule); b — after interrelation with
the amino acids of GABA , receptor active site

Fig. 6. a — interaction of 3.9 ligand with amino acids in BDZ-site of GAB A, receptor; b — compatible conformation of
diazepam (green) and 3.9 ligand (yellow)
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Fixation in the active site is due to hydrophobic
bonds with the main amino acid residues that interact
with diazepam in the experiment: the quinazoline cycle
was fixed by hydrophobic interaction with tyrosine
TYR210 (stacking interaction), TYR160 and phenylala-
nine; 2,4-dichlorobenzylacetamide fragment — with pro-
line and histidine (PRO140, HIS120). As for hydrogen
bonds, the conformation was stabilized by the interaction
of acetamide and heterocyclic carbonyl with the imidaz-
ole NH-group of histidine (His102). Location of the key

fragment of the modification — 1-benzyl radical — is ra-
ther doubtful because the interaction occurred with ami-
no acids that did not form an active site in the experi-
ment: tyrosine and serine (TYR68, SER205).

After a detailed analysis of the ligands 3.1-3.11
allocation in GABA 4t active site, it should be noted that
the hydrophobic interaction between the amino acids of
the active site — valine (VAL300), phenylalanine
(PHE189), arginine (Argl192) occurs only with quinazo-
line fragment of the ligand molecule (Fig. 7, a, b).

Fig. 7. 3D conformation in the active site of GABAr: a — ligand 3.9 with amino acids; b — VGB (blue), ligand 3.9
(purple) and PLP (yellow)

At simultaneous allocation of VGN, pyridoxal-5-
phosphate (PLP) — GABA,r co-factor and 3.9 ligand in
the active site (Fig. 7, b), it becomes obvious that the
ligand molecule is too large and 2,4-dichlorobenzylamide
fragment is not able to immerse into the hydrophobic
pocket, so it allocates outside. Besides, 4-methoxybenzyl
radical allocation occurs at cofactor fixation area and is
being overlapped with PLP pyrimidine cycle. Therefore,
according to the obtained molecular docking results, effect
on GABAergic processes of ligands 3.1-3.11 due to
GABA 4t inhibition could be considered to be impossible.

Considering the ambiguous molecular docking pa-
rameters and the probability of affecting only the BZD

site of GABA, receptor, only 5 of the 11 synthesized
compounds, showing relatively better docking results,
were selected for the further screening on the anticonvul-
sant activity in the PTZ-induced model. The obtained
results are shown in Table 4.

The analysis of the results has shown that sodium
valproate has a typical anticonvulsant effect, significantly
reducing lethality from 100 % to 50.0 % (p<0.01), the
number of animals with clonic and tonic seizures — from
100 % to 83 and 67 % (p<0.01), the severity of seizures —
in 1.43 times (p<0.05) and over than 6 times increasing
the latency period of seizures (p <0.01).

Table 4

Anticonvulsant effect of N-[(2,4-dichlorophenyl)methyl]-2-(1-(R-benzyl)-2,4-dioxo-quinazolin-3-yl)acetamide
(3) in the PTZ-induced seizures in mice (M+m)

Number of % of mice S ity of Period of
Group of . clonic-tonic | with convul- everity ert Time to Lethality,
. Dosemg/kg | Latency, min . . . seizures, seizures, .
animals seizures in sions . . death, min %
- - points min
1 mouse clonic | tonic
Control — 3.92+0.38 1.67+0.49 100 100 6.00+0.00 1.95+1.14 5.87+1.01 100
3.2 100 4.34+1.72 2.00+0.52 100 100 5.67+0.33 1.85+0.95 7.884+0.93* 83
3.5 100 3.76x1.19 2.67+0.33 100 100 6.00+0.00 5.16+0.83 8.92+1.22% 100
3.9 100 5.67+0.92 1.83+0.48 100 100 5.67+0.33 5.44+3 .21 8.87+2.87* 83
3.10 100 4.65+1.16 1.50+0.34 100 100 6.00+0.00 2.06+0.99 6.71+0.87 100
3.11 100 3.77+1.12 2.17+0.17 100 100 5.67+0.33 | 7.62+1.17% 9.49+1.21 83
Valproate 300 24.55+7.59%*%* 1.00+0.26 83 67*%* | 4.17+0.98 2.08+0.86 19.3242.20* 50%**

Note: n — number of animals; * — p<0.05 when compared with control, ** — p<0.01 when compared with control

None of the studied compounds had a statistically
significant anticonvulsant effect on the criterion of inte-
gral protective effect — reduction lethality against the
control. Three compounds (3.2, 3.9, 3.11) have shown a
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tendency to reduce lethality to 83 % versus 100 % in the
control; they statistically significantly improved 1 indica-
tor — lifetime of animals before death. Unfortunately, all
the synthesized compounds were inactive comparing to
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PTZ-induced seizures and significantly inferior to sodi-
um valproate.

5. Discussion

Conditions reproduction of the previous pharma-
cological experiment with the initial N-[(2,4-
dichlorophenyl)methyl]-2-(1-(R-benzyl)-2,4-dioxo-
quinazolin-3-yl)acetamide (1) [Kayal] allows to compare
results and discuss influence patterns of molecule frag-
ments on anticonvulsant activity. The loss of anticonvul-
sant activity of N-[(2,4-dichlorophenyl)methyl]-2-(1-(R-
benzyl)-2,4-dioxo-quinazolin-3-yl)acetamide (1) is obvi-
ous when replacing 1 position of the quinazoline cycle
with a benzyl radical for all protection indicators against
PTZ-induced seizures. The obtained results of the study
point to the inexpediency of such modification together
with the key pharmacophore role of the cyclic amide
fragment in activity manifestation of compound 1, acting
as a hydrogen bond domain and probably stabilizing the
ligand conformation in the active site of GABAergic
biotargets by additional hydrogen bonds. In addition, the
loss of activity may be associated with an increase in the
compound’s molecular weight, which should be < 500
according to Lipinski's rule [35].

We could talk about a positive correlation be-
tween results of in vivo studies using the model of PTZ-
induced seizures and in silico studies, namely the values
of binding energy and conformational allocation of lig-
ands into the active sites of PAM benzamidine and diaz-
epam in GABA, receptor and GABA,r enzyme. The
obtained results substantiate the expediency of target-
based virtual screening for pharmacological screening
rationalization in order to keep laboratory animals alive.

Study limitations. The use of other docking
methodologies or other software to determine binding
energy may vary. Therefore, validation of methodology
depending on the native reference ligand should be per-
formed every time.

Prospects for further research. According to the
current guidelines and approaches for the search for new
AEDs [36], despite the lack of results on the model of PTZ-
induced seizures for N-[(2,4-dichlorophenyl)methyl]-2-(1-

(R-benzyl)-2,4-dioxo-quinazolin-3-yl)acetamide (3.1-3.11)
their further study in using maximal electroshock model
(MES), the model of psychomotor 6 Hz electricity stimula-
tion and corneal kindled seizure seizures in mice, which
characterizes chronic epilepsy, remains relevant.

6. Conclusions

As part of the pharmacophore model of antispasmod-
ic activity implementation, a structural modification of the
promising anticonvulsant N-[(2,4-dichlorophenyl)methyl]-
2-(1-(R-benzyl)-2,4-dioxo-quinazolin-3-yl)acetamide =~ was
performed by implementation of substituted benzyl radicals.
Selection of candidate structures for in vivo experiment was
performed according to molecular docking into the active
sites of GABA,4 receptor and GABAr enzyme results in
comparison with the native reference ligands — benzamidine,
diazepam and vigabatrin. All the studied substances showed
low affinity for the mentioned biotargets and were inferior to
the reference drugs in terms of binding energy.

The low probability of GABAergic effect of the
synthesized compounds in the in silico experiment was
confirmed by the obtained results of pharmacological
screening on PTZ-induced seizures in mice — the studied
compounds did not show reliable activity, only 2 com-
pounds showed a tendency to prevent lethality in the
groups of animals. Dependence established between the
conformational allocation of ligands in the active sites of
the GABA, receptor and GABA 7 and screening data,
allows recommending the described docking methodolo-
gy as a tool for rationalization and optimization of PTZ-
induced screening model. The pharmacophore role in
anticonvulsant activity manifestation of the cyclic amide
fragment of quinazoline cycle, as well as the positive
effect of 4-methoxy group in the structure of aromatic
fragments, was discussed.
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