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Aim. To accomplish the synthesis of new thiosemicarbazides and their cyclic analogues derived
from 2-fluorobenzoic acid hydrazide and to evaluate further their anticonvulsant activity.
Methods. Organic synthesis, NMR spectroscopy, molecular docking. Results. A number of
thiosemicarbazide derivatives have been synthesized by the reaction of 2-fluorobenzoic acid
hydrazide with the corresponding isothiocyanates in the ethanol medium. The subsequent
alkaline dehydrocyclization of thiosemicarbazides led to some new 1,2,4-triazole derivatives.
Docking studies were performed to predict the anticonvulsant activity for the synthesized
compounds on GABA-A receptors and pentameric ion channels of Erwinia chrysanthemi
(ELIC). Conclusions. The synthesized thiosemicarbazides and their cyclic analogues are
characterized as a prospective molecular platform for the creation of new highly active com-

pounds as potential anticonvulsant drugs.

Keywords: thiosemicarbazides, 1,2,4-triazoles, anticonvulsant activity.

Introduction

Epilepsy is one of the most common chronic
neurological diseases with the prevalence of
1 % in the general population affecting about
50 million people worldwide [1]. The direct
causes of seizure disorders, characteristic of
epilepsy, are the abnormalities of the brain’s
bioelectrical activities, i.e. excessive dischar-
ges. The indirect causes of epilepsy are the
disrupted balances between the activity of
GABA-ergic and excitatory glutamatergic sys-

tems [2]. Anti-epileptic medications decrease
membrane excitability by interacting with neu-
rotransmitter receptors or by inhibiting volt-
age-dependent ion channels involved in the
electrical propagation of the seizure [3—6].
One of the known antiepileptic drugs is
Loreclezole, composed of 1,2,4-triazole. The
mechanism of its action is based on the inter-
action between 1,2,4-triazole and amide group
of aspargate (Asn-289) occurring on the (2
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subunit of the GABA , receptor. The result of
the action of Loreclezole is allosteric modula-
tion [7].

Based on this knowledge, scientists studied
the substances containing 1,2,4-triazole ring
[8—11]. The chemical compounds containing
1,2,4-triazole with substituent of chlorine were
analyzed and described previously [12, 13].

One of the methods to improve the bio-
logical activity of compounds is by using
fluorine to replace chlorine in a molecule. The
fluorine substitution can have a profound im-
pact on the chemical and physical properties,
drug distribution, clearance, and metabolism,
and thus can affect the biological activity of
drugs. It was discovered that introduction of
fluorine, which has a smaller size than chlo-
ride, into the molecule caused increased lipo-
philicity, therefore improving the penetration
through the blood-brain barrier. The fluorine
atoms also contribute to a less toxicity of anti-
epileptic substances. This feature is associated
with high electronegativity of fluorine, which
causes the repulsion of electrons in the peroxi-
some, improving its function in the cytochrome
P450 catalytic cycle responsible for drug de-
toxification [14].

In the presented work we described the
synthesis of new thiosemicarbazide and
1,2,4-triazole derivatives with potential anti-
convulsant activity.

Materials and Methods

The chemical reagents were purchased from
Sigma-Aldrich (Munich, Germany). Melting
points were determined on Fisher-Johns blocks
melting point apparatus (Fisher Scientific,
Germany) and are uncorrected. The purity of
compounds and progress of the reaction were
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monitored by TLC (aluminum sheet 60 F254
plates (Merck Co., USA). Elemental analyses
were determined by a Perkin Elmer 2400 series
II CHNS/O elemental analyzer (Waltham, US)
and the results were within +£0.4 % of the the-
oretical value. The 'H and '3C spectra were
conducted using Bruker Avance 600 (Bruker
BioSpin GmbH, Germany) in (D6) DMSO
with TMS as the internal standard. IR were
determined by Nicolet 6700 spectrometer
(Thermo Scientific, US) and UV-Vis spectra
were obtained in the range of 190-700 nm us-
ing UV-vis detector L2455, VWR Hitachi
(Merck, Darmstadt, Germany).

The procedure of synthesis of the
1-(2-fluorobenzoyl)-4-substituted-thios-
emicarbazide (1-3)

0.01 mole of 2-fluorobenzoic acid hydrazide
was dissolved in ethanol. If it did not dissolve,
it was softly warmed. Next 0.01 mole of suit-
able isothiocyanate was added by pipette. The
whole mixture was heated under reflux for half
an hour. The progress of the reaction was
checked by thin layer chromatography. After
cooling crude solid was washed with warm
water, diethyl ether, dried and crystallized from
96 % ethanol.

1-(2-Fluorobenzoyl)-4-(pentyl)thiosemicar-
bazide 1 (81 %) mp 120-123°C

TH NMR (8, ppm): 0.92; 0.93; 0.94 (t, 3H,
CH; J = 6.9 Hz), 1.30-1.35 (m, 4H, 2CH,),
1.54-1.59 (m, 2H, CH,), 3.49-3.50 (m, 2H,
CH,), 7.36-7.39 (m, 2H, CH arom), 7.62-7.67
(m, 1H, CH arom), 7.83; 7.86; 7.87 (dt, 1H,
CH arom, J,=1.8 Hz, J,=6.0 Hz), 7.97; 9.41;
10.17 (3s, 3H, 3NH). 13C NMR (8, ppm):
14.40, 22.37, 28,82, 28.88, 44.17, 116.77,
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122.35, 124.78, 131.12, 133.68, 159.20,
160.87, 163.90. IR (KBr, cm-!): 3342 NH,
3058 CH arom, 2963 CH aliph., 1732 C=0,
1613 C=N, 1476 C-N, 1364 C=S. UV-Vis (nm)
max 194, 248. Anal. calc. for C3H;sFN;OS
(%): C 55.10; H 6.40; N 14.83. Found: C 55.25;
H 6.52; N 14.97.

1-(2-Fluorobenzoyl)-4-(heptyl)thiosemicar-
bazide 2 (75 %) mp 118-120°C

TH NMR (8, ppm): 0.85; 0.86; 0.87 (t, 3H,
CH;, J=7.2 Hz), 1.23-1.29 (m, 8H, 4CH,),
1.48-1.53 (m, 2H, CH,), 3.43-3.44 (m, 2H,
CH,), 7.30-7.33 (m, 2H, CH arom), 7.57-7.61
(m, H, CH arom), 7.79; 7.80; 7.82 (dt, H, CH
arom, J,=1.8 Hz, J,=6.0 Hz), 7.91; 9.35; 10.13
(3s, 3H,3NH). 13C NMR (8, ppm): 14.38,
22.53, 26.36, 28.94, 29,10, 31.51, 44.22,
116.76, 122.27, 124.77, 131.12, 133.68,
159.20, 160.86, 163.85. IR (KBr, cm!): 3321
NH, 3162 CH arom, 2968 CH aliph., 1664
C=0, 1614 C=N, 1474 C-N, 1370 C=S. UV-
Vis (nm) max 195, 248. Anal. calc. for
C,5sH»,FN;0S (%): C 57.85; H 7.12; N 13.49.
Found: C 57.85; H 7.30; N 13.62.

4-(Cyclopentyl)- 1-(2-fluorobenzoyl)thios-
emicarbazide 3 (92 %) mp 113-116°C

'H NMR (3, ppm): 1.45-1.54 (m, 4H,
2CH,), 1.61-1.66 (m, 2H, CH,), 1.87-1.91 (m,
2H, CH,), 4.56 (s, 1H, CH), 7.26-7.35 (m, 2H,
CH arom), 7.50-7.61 (m, 2H, CH arom), 7.76;
7.77;, 7.79 (dt, 1H, CH arom, , J,=1.2 Hz,
J,=6.0 Hz), 9.38; 9.53; 10.12 (3s, 3H, 3NH).
13C NMR (8, ppm): 23.90, 32.24, 55.99,
116.62, 122.32, 123.63, 130.41, 133.62,
158.71, 160.36, 163.77. IR (KBr, cm™): 3356
NH, 3008 CH arom, 2960 CH aliph., 1667
C=0, 1612 C=N, 1477 C-N, 1339 C=S. UV-

Vis (nm) max 193, 218, 248. Anal. calc. for
Found: C 55.55; H 5.80; N 14.98.

The procedure of synthesis of the
5-(2-fluorophenyl)-4-substituted-2,4-
dihydro-3H-1,2,4-triazole-3-thione (4-6)

The thiosemicarbazide derivatives were dis-
solved in 5 ml of 2 % NaOH. The mixtures
were heated under reflux for 2 hours. Later the
solutions were cooled down and acidified by
3N HCI. The precipitates were filtered off,
dried and crystallized from 96 % ethanol.

5-(2-Fluorophenyl)-4-pentyl-2,4-dihydro-
3H-1,2,4-triazole-3-thione 4 (50 %) mp 105-
108°C

TH NMR (8, ppm): 0.71; 0.72; 0.73 (t, 3H,
CH;, J=7.2 Hz), 1.01-1.05(m, 4H, 2CH,), 1.
07-1.11 (m, 2H, CH,), 1.46-1.51 (m, 2H, CH,),
3.84-3.86 (m, 2H, CH,), 7.42-7.44 (m, 1H, CH
arom), 7.47-7.51 (m, 1H, CH arom), 7.67-7.73
(m, 2H, CH arom), 14.10 (s, 1H, NH). 13C
NMR (3, ppm): 13.99, 21.73, 27.29, 28.11,
44.01, 114.48, 116.72, 125.77, 132.49, 134.23,
146.97, 159.29, 167.52. IR (KBr, cm-!): 3058
CH arom, 2963 CH aliph., 1626 C=N, 1478
C-N, 1363 C=S. UV-Vis (nm) max 192, 259.
Anal. calc. for C3H(FN3S (%): C 58.84;
H 6.08; N 15.84. Found: C 58.90; H 6.30;
N 15.94.

5-(2-Fluorophenyl)-4-heptyl-2,4-dihydro-
3H-1,2,4-triazole-3-thione 5 (64 %) mp 80-
82°C

'H NMR (8, ppm): 0.79; 0.80; 0.82 (t, 3H,
CH;, J=7.2 Hz), 1.08-1.11 (m, 6H, 3CH,),
1.15-1.18 (m, 2H, CH,), 1.52-1.56 (m, 2H,
CH,), 3.89-3.92 (m, 2H, CH,), 7.47; 7.48, 7.49
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(dt, 1H, CH arom, J,=1.2 Hz, J,=6.6 Hz), 7.53-
7.56 (m, 1H, CH arom), 7.72-7.79 (m, 1H, CH
arom), 14.14 (s, 1H, NH). 3C NMR (3, ppm):
14.33,22.34,25.67, 27.55, 28.93, 31.28, 43.99,
114.58, 116.72, 125.73, 132.48, 134.20,
146.87, 160.93, 167.51. IR (KBr, cm!): 3089
CH arom, 2948 CH aliph., 1624 C=N, 1462
C-N, 1376 C=S. UV-Vis (nm) max 193, 259.
Anal. calc. for C;sH,,FN;S (%): C 61.40; H
6.87; N 14.32. Found: C 61.62; H 6.90; N
14.65.

4-Cyclopentyl-5-(2-fluorophenyl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione 6 (88 %)
mp 180-182°C

'H NMR (6, ppm): 1.42-1.49 (m, 2H, CH,),
1.59-1.65 (m, 2H, CH,), 1.81-1.86 (m, 2H,
CH,), 2.28-2.34 (m, 2H, CH,), 4.52-4.58 (m,
1H, CH), 7.30-7.33 (m, H, CH arom), 7.41;
7.42; 7.43 (dt, 1H, CH arom, J,=6.0 Hz, J, =
6.6 Hz), 7.46-7.48 (m, 1H, CH arom), 7.63-
7.73 (m, 1H, CH arom), 14.05 (s, 1H, NH).

NH,
HN™

(0}
EtOH reflux, 30 min
O 4+ R—NCS ——— =
F

| D=s
N
1
F
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3C NMR (8, ppm): 25.00, 28.84, 57.69,
116.57, 124.91, 125.66, 133.06, 134.25,
147.08, 159.60, 166.60. IR (KBr, cm'!): 2970
CH aliph., 1614 C=N, 1446 C-N, 1369 C=S.
UV-Vis (nm) max 193, 262. Anal. calc. for
C3sH4FN;S (%): C 59.29; H 5.36; N 15.96.
Found: C 59.53; H 5.60; N 16.15.

Results and Discussion

Chemistry

We have synthesized three new thiosemicar-
bazide derivatives and its cyclic analogues
derivative from 2-fluorobenzoic acid hydra-
zide. The synthetic pathway is presented in
Scheme 1.

The linear compounds (1-3) were obtained
with simple and efficient method (yield in the
range 75-92 %). Alkaline cyclization of thios-
emicarbazide using solution of sodium hydrox-
ide led to the corresponding 5-(2-fluorophenyl)-
4-substituted-2,4-dihydro-3H-1,2,4-triazole-

NH-NH

.
S R

13
I 2% NaOH

H
N—N

Scheme 1. Synthetic route for the
compounds 1-6.

R = pentyl (1, 4); heptyl (2, 5); cy-
46 clopentyl (3, 6)
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3-thione (4-6) with good yield 50-88 %. The
structures of all compounds were confirmed
by elemental analysis and spectral methods:
'H NMR, BC NMR, IR and UV-Vis spectros-
copy. The spectra of thiosemicarbazides
showed the signals of aromatic protons in the
range 7.27-7.82 ppm, aliphatic protons at 0.85-
4.56 ppm and 3 singlets in the range 7.77-
10.12 ppm corresponding to 3 protons
NHNHC(S)NH moiety. In the triazole deriva-
tives the characteristic proton signals of the
NH group were observed in the range 14.06-
14.10 ppm. The 3C NMR spectra of com-
pounds 1-3 showed signals at 160.36-
160,87 ppm and 163.77-163.90 ppm for C=S
and C=O0 carbons, respectively. In the case of
compounds 4-6 two signals corresponding to
NCN and C=S carbons were observed. In the
IR spectra the characteristic absorption bands
corresponding to CH aliphatic, CH aromatic,
C=N, C-N and C=S groups were noticed.
Compound 1, 2, 4-6 showed two maximum
absorption in the UV-Vis in the range 192-
195 nm and 248-262 nm whereas compound
3 demonstrated 3 maximum absorption.

Docking Studies

Molecular docking studies of anticonvulsant
activity were estimated on GABA-A receptors
(PDB code: 6HUP) [15] and pentameric ion
channels from Erwinia chrysanthemi (ELIC)
(pentameric ligand gated ion-channel from
Erwinia chrysanthemums) as homolog model
of GABA-A receptors (PDB code: 2YOE)
[16]. Spatial structure of the designed com-
pounds was performed using HyperChem 7.5
software. The structures of 2YOE molecules
were optimized by the method of molecular
mechanics MM + with the achievement of

RMS gradient less than 0.1 kcal/(mol A). The
final minimization of the energies of the inves-
tigated intermediates was carried out by the
semi-empirical quantum chemical method
PM3 until the RMS gradient was less than 0.01
kcal/(mol A). The validation of selected dock-
ing parameters was performed by redocking
the original ligands from three-dimensional
enzyme structures (diazepam (Valium ®) with
6HUP and flurazepam with 2YOE).
Additionally, binding energies were obtained
for native ligands, which further allowed the
assessment of the severity of anticonvulsant
activity of the obtained compounds in com-
parison with the reference drugs. Docking was
performed using the software package
AutoDock Vina ®. Discovery Studio Visualizer
software package was used to visualize and
interpret the obtained data.

Table 1. Molecular docking binding energies on
GABA-A receptor (code: 6HUP) and ELIC (code:
2YOE)

Est. Binding Energy (kcal/mol)

Compound GABA-A receptor ELIC
1 -7,0 -6,9
2 -7,2 -6,8
3 -7,3 -7,3
4 -7,0 -6,3
5 -7,8 -6,2
6 -8,5 -7,0
Diazepam -10,1
Flurazepam - -7,5

According to the docking studies results,
the most promising are compounds 3 and 6
with cyclopentyl substituents in the molecule.
The triazole analogs 4-6 showed higher bin-
ding energy in in silico modulation in com-
parison with the initial linear compounds 1-3.
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Fig. 1. Docked conformation of compound 6 with GABA-A receptor (PDB code: 6HUP)

The significant predicted anticonvulsant
potential was observed for compound 6, which
forms hydrogen bonds with a nitrogen atom
of the triazole ring and methionine 261 with a
length of 2.87 A and between a fluorine atom
and asparagine 265 with a length of 2.65 A
and Pi interaction with 5 more amino acids,
namely methionine 286, methionine 236, pro-
line 233, leucine 269 and phenylalanine 289.
These amino acids belong to the B3 and al
subunits of the GABA-A receptor. Noteworthy,
the starting ligand of diazepam in this alloste-

A

ric center forms hydrophobic interactions with
the same amino acids.

The simulation of the interaction with ELIC
led to high anticonvulsant potential of com-
pound 6. It should be noted that the ELIC
structure is quite limited due to derived from
a prokaryotic cell as an analogue of GAMA-A
receptors [16].

In conclusion, the binding energy of the
obtained compounds, in particular the most
active 6, is lower compared to the reference
ligands from the original X-ray images. It re-

B

ARG VAL
B:105 CBl

PRO c:77
C:B5 -

p) .
LEU
C:76

Fig. 2. Docked conformation of compound 6 with ELIC (PDB code: 2YOE)
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veals a deeper optimization of the spatial struc-
ture of the target molecules to enhance their
anticonvulsant activity.

The interesting feature of GABA-A recep-
tors is the interaction of agonists (benzodiaz-
epines) and antagonists (flumazenil) with the
same allosteric center, which is quite similar
in their structure. The potential antagonistic
effect of the synthesized compounds was esti-
mated by docking studies on the model of
GABA-A receptors (PBD code: 6D6T) and
compared to the energy interaction of reference
ligand flumazenil and several amino acids.

Table 2. Molecular docking binding energies
on GABA-A receptor (code: 6D6T)

Compound Est. Binding Energy (kcal/mol)
-8.5
-8.6
-9.0
-8.8
-8.2
-8.5
-9.4

-10.1

NP AR NI

Flumazenil
Diazepam

The main requirement for the antagonistic
effect of flumazenil is an interaction with
HIS102 and a lipophilic pocket formed by
aromatic amino acids TYR160, TYR210,
PHE100, PHE77. The position of the molecule
in the allosteric center is stabilized by the hy-
drogen bonds with TRH142 [17].

According to docking studies, compound
3 was the most active with the highest binding
energy. However, the main requirement for
active molecules is the interaction with
HIS102 for both agonistic and antagonistic
effects, because the replacement of mentioned
amino acid decreases the sensitivity of the

receptor to both benzodiazepine and flumaze-
nil [18].

As can be seen in the figure 4, the high
interaction energy is achieved due to the for-
mation of two hydrogen bonds with SER205
and SER206. However, there is no interaction
with HIS102, which is a key element in the
manifestation of both agonistic and antagonis-
tic effects. There is also a weak interaction
with one aromatic amino acid TYR206 from
the above-mentioned lipophilic pocket. The
similar process we observed for compound 1,
although the interaction energy is quite lower.

The comparison of the interaction of com-
pound 6 and diazepam with the allosteric cen-
ter of the GABA-A receptor, as we observed
on HIS102 is a key in the manifestation of
pharmacological effects. Interestingly, com-
pound 6 is predicted to form two hydrogen
bonds with TYR210 and SER205, 3.58 A and
2.01 A, respectively, which can significantly
stabilize the position of the molecule. However,
it should be noted that the binding energy in
this case is lower as compared to reference
drugs, which indicates the need of further
docking studies and evaluation of the struc-
ture-activity relationship.

Conclusion

We described efficient and facile synthesis of
some new compounds with potential anticon-
vulsant activity. The structures of all com-
pounds were uniquely confirmed using IR,
UV-Vis, 'H and '3C NMR spectra. According
to the docking studies results, two compounds
with cyclopentyl substituents are the most
promising. The triazole analog 6 showed a
higher binding energy in silico modulation in
comparison with the initial linear compound 3.
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4-Ankin-1-(2-propodensoin)tiocemikapdaznau
Ta NPOAYKTH iX Aerigpoumkiizanii Ak cHOJdyKH
3 MOTEHIIITHOK MPOTHCYTOMHOI0 AKTHBHICTIO

I. Ymxescobka, E. Kycemem, M. Byen

Merta. 31iiiCHUTH CHHTE3 HOBUX TioceMikapOa3uIiB Ta
X MUKTIYHUX aHAJIOTIB, OTPUMAHIUX 3 Tipa3uay 2-pTo-
poOeH30IHOT KUCIOTH JUII BUBYEHHS iX MPOTUCYIOMHOT
aktuBHOCTI. MeTtomn. OpraHi4yHMi CHHTE3, CIIEKTPO-
ckomist IMP, monexkynsipauii nokiar. Pe3yiabraTu.
Bzaemomieto rigpasugy 2-GpTopoOeH30HHOT KUCIOTH 3
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I. Czyzewska, E. KuSmierz, M. Wujec

BITIOBITHUMU 130TiOIliaHATAMH B CEPEIOBUII €TAHOIY
CHUHTE30BaHO Psii HOBUX TioceMikapOa3umiB. [loganbina
Jy’KHa JIeTiIpoLnKIIi3alis TioceMikapOa3uIiB npu3Bea
JI0 OTpuMaHHS moxigHux 1,2,4-Tpiazomy. s mporHo-
3yBaHHS aHTUKOHBYIIbCUBHOI aKTUBHOCTI JJII CHHTE30-
BAaHHX CIIONYK OyJIM MPOBENCHI JOKIHTOBI JIOCTiKSHHS
Ha GABA-A peuenropax Ta NeHTaMEpPUYHUX HOHHUX
kaHanax Erwinia chrysanthemi (ELIC). BucHoBKH.
CunTe30BaHi TioceMikapOa3uau Ta iX [MUKIIYHI aHaJTO-
TH € IePCIEKTUBHOIO MOJICKYIISIPHOIO TUTaT(OPMOTO JITSt
pO3pOOKM HOBHUX BHCOKOAKTHBHHX CIIONYK SIK ITOTCH-
HIHHUX MPOTUCYIOMHHUX JIIKAPCHKUX 3aCO0iB.

Kaw4uoBi ciaosa: tiocemikapbazumy, 1,2,4-Tpia3onmy,
MPOTUCY/IOMHA aKTUBHICTh

4-Anxnia-1-(2-¢propéeH3oms1) THOCEMUKAPOAZHIBI
U NMPOAYKTHI HX JAerHAPONHKIN3AUM

KaK COeNHEHNs ¢ MOTeHINATbHOMI
NPOTHBOCYIOPOKHON AaKTHBHOCTHIO

N. Ymxkenckas, 3. Kycememni, M. Byerg

ean. OcymecTBUTh CHHTE3 HOBBIX THOCEMUKapOa3u-
JIOB U UX IHUKINYCCKHUX aHAJIOTOB, MOJYYCHHBIX U3
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ruapasuaa 2-pTopOCH30MHONW KUCIIOTHI IS U3YICHHS
HX MOPOTUBOCYIOPOXHOW aKTUBHOCTH. Metoasbl.
Opranuueckuii cuHTe3, cnexkrpockonus SIMP, moneky-
JApHBIA AOoKUHT. Pe3yabrarsl. Bzaumozaeiicteuem ru-
npasuna 2-(propOeH30HHOI KHCIOTHI C COOTBETCTBYIO-
IIMMH U30THOLMAaHATaMU B CpeJie ITaHOJIa CHHTE3UPO-
BaHO s HOBBIX THOceMHUKapOa3umoB. [lampHeinras
IIeI0YHAsT TETUAPOUHUKIN3AINSI THOCEMUKapOa3uIoB
MpHUBena K NOJIy4eHUIO NPOU3BOAHBIX 1,2,4-Tpuasona.
Jl71s1 MporHO3UPOBaHYS aHTUKOHBYIIBCHBHOW aKTHBHO-
CTH U1l CHHTE3UPOBAHHBIX COCTMHEHHUH OBLIHN IIPOBE-
JIeHbl TOKUHTOBLIE ncciienoBanns Ha GABA-A penen-
TOpax W NMEHTaMEepUYHHUX MOHHEIX KaHalax Erwinia
chrysanthemi (ELIC). BoiBoabl. CHHTE3UpPOBaHHBIC
THOCEMHKap0a3uapl U UX LHUKINYECKHE aHAIOTH SIBIIS-
FOTCSI IEPCIICKTUBHOW MOJICKYIISIPHOU TUTaTHOpMOit ISt
Pa3pabOTKH HOBBIX BHICOKOAKTHBHBIX COCTMHEHUN KaK
MOTEHIUATBHBIX IPOTUBOCYIOPO’KHBIX JIEKAPCTBEHHBIX
CpeIcCTB.

KawueBbie c¢ioBa: tnoceMukapoazumpl, 1,2,4-Tpu-
a30JIbL, POTHBOCYIOPOKHASL AKTHBHOCTH
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