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Abstract. New promising pyrazolothiazolidine hybrid
structures, containing a methylenehydrazone linker
between functionalized pyrazole and thiazolidine cycles,
have been obtained using cyclocondensation of 3-aryl-4-
formylpyrazole thiosemicarbazones and diethyl acetyl-
enedicarboxylate in mild reactional conditions. The acetic
acid was proposed as a catalytic agent for the synthesis of
ambident bi-center thiosemicarbazones as reagents for
further formation of the thiazolidine cycle. The obtained
pyrazolothiazolidines were found to exhibit hypo-
glycemic activity by in vivo study of glucose level in the
blood of rats after oral administration of synthesized
derivatives

Keywords: pyrazoles, thiazolidinones, hybrid structures,
hypoglycemic activity.

1. Introduction

In recent years the search for new effective and
safe hypoglycemic drugs for the therapy of type 2
diabetes (T2D) has become especially important [1]. The
oral synthetic preparations of various structures are
usually used for the treatment of T2D. Some thiazoli-
dinediones or glitazones such as troglitazone,
rosiglitazone, pioglitazone (Fig. 1) are widely used in
therapy of T2D [2-4].

The chemical modification of the thiazolidine ring
with such pharmacophore as a functionalized pyrazole
system is a promising way for the creation of new
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antidiabetic drugs. This approach has been successfully
used in development of hypoglycemic drugs such as
teneligliptin (Fig. 1), remogliflozin, atorvastatin. But, at
the same time, these drugs have a number of side effects,
such as anemia risk, swelling of legs or ankles, a high
toxicity to hepatocytes and an increase in the incidence
of myocardial infarction.

Therefore, the structural modification and synthesis
of new pyrazole-1,3-thiazolidine hybrid structures are
important in the search for new antidiabetic drugs. In
particular, the high hypoglycemic activity in vitro of
pyrazole-1,3-thiazolidine  hybrid  molecules  was
determined in a number of works [5-11]. Also, studies of
this type of compounds have shown that they play an
important role in modern drug development methodologies,
as they are characterized by powelful biological potential
[12-17].

Here, we report the design and synthesis of new
pyrazolothiazolidines connected with the hydrazone linker,
which were then evaluated for hypoglycemic action.

2. Experimental

'H and “CNMR spectra were acquired on a
Varian VXR-400 Spectrometer (400 and 100 MHz,
respectively) in DMSO-ds with TMS as an internal
standard. IR-spectra were recorded on a Bruker Vertex
70 instrument for samples in KBr pellets. Liquid
chromatography-mass (LC-MS) spectra were recorded
on an Agilent LC/MSD SL using Zorbax SB-CI18
column, 4.6x15mm, 1.8um (P/V 82(C) 75-932):
solvent DMSO, electrospray ionization at atmospheric
pressure (70 eV). Elemental analysis was performed on a
Perkin Elmer 2400 series II CHN analyzer, and their
results were found to be in good agreement with the
calculated values. Melting points were determined on a
Kofler bench and are uncorrected. Thin-layer chroma-
tography (TLC) was performed on Merck silica gel
plates (60F254) and detection was carried out with
ultraviolet light (254 nm).
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Fig. 1. Known drugs among thiazolidinedione and pyrazole derivatives

3-Aryl-1-phenyl-1H-pyrazole-4-carbaldehyde
thiosemicarbazones Il a-d. 0.46g (0.005 mol) of
thiosemicarbazide and one drop of acetic acid were
added to the solution of 0.005 mol of aldehyde I a-d in
10 ml of methanol. The mixture was stirred under reflux
for 2 h. The obtained precipitate was filtered, washed
with water, dried, and recrystallized from methanol.

2-((3-(3-Chlorophenyl)-1-phenyl-1H-pyrazol-4-
yl)methylene)hydrazine-1-carbothioamide IT a. Yield
76 %. Mp. = 524-526 K. 'H NMR spectra, 6 ppm: 7.38
(t, 1H, J = 8.0 Hz, CHy,); 7.52-7.78 (m, 7H, CHa,, NH),
7.90 (d, 2H, J = 7.8 Hz, CHa,); 8.24 (s, 1H, CH=N), 8.28
(s, 1H, NH), 9.19 (s, 1H, CHpyrazo), 11.37 (s, 1H, NH).
LC-MS, m/z (I,e1, %): 356 [M+1] (100 %). Found, %: C
57.22; H 3.85; N 19.85. C;7H14CINsS. Calculated, %: C
57.38; H3.97; N 19.68.

2-((3-(3-Methoxyphenyl)-1-phenyl-1H-pyrazol-
4-yl)methylene)hydrazine-1-carbothioamide II b.
Yield 73 % Mp. = 501-503 K. "H NMR spectra, & ppm:
3.85 (s, 3H, CH;30); 7.03 (d, 1H, J = 8.0 Hz, CHy,); 7.21
(s, 1H, NH), 7.26 (s, 1H, CHa,); 7.37-7.45 (m, 3H,
CHa,); 7.56 (t, 2H, J = 8.0 Hz, CHj,), 7.83 (s, 1H, NH),
7.90 (d, 2H, J=7.8 Hz, CHa,); 8.25 (s, 1H, CH=), 9.19
(s, 1H, CHpyrazo1), 11.38 (s, 1H, NH). LC-MS, m/z (L,
%): 352 [M+1] (100 %). Found, %: C 61.24; H 4.99; N
19.71. Cy3H7N5OS. Calculated, %: C 61.52; H 4.88; N
19.93.

2-((3-(3-(Difluoromethoxy)phenyl)-1-phenyl-
1H-pyrazol-4-yl)methylene)hydrazine-1-
carbothioamide IIc. Yield 81 %. Mp. = 516-518 K.
'HNMR spectra, 8§ ppm: 7.14-7.51 (m, 4H, CHy,
CHF,); 7.56 (t, 2H, J=7.8 Hz, CHy,), 7.74 (d, 2H, J =7.8
Hz, CHay); 7.78 (s, 1H, NH), 7.89 (d, 2H, J = 7.8 Hz,
CHa)), 8.22 (s, 1H, CH=N), 8.25 (s, 1H, NH), 9.17 (s, 1H,
CHpyrazo1), 11.32 (s, 1H, NH). LC-MS, nvz (I,.;, %): 388
[M+1] (100 %). Found, %: C 55.52; H 4.01; N 17.87.

C18H15F2N3OS. Calculated,
18.08.
2-((1-Phenyl-3-(pyridin-3-yl)-1H-pyrazol-4-

yl)methylene)hydrazine-1-carbothioamide II d. Yield
83 %. Mp. = 505-507 K. 'H NMR spectra, 6 ppm: 7.39
(t, 1H, J = 7.8 Hz, CHp,); 7.52-7.58 (m, 3H, CHa,); 7.48
(s, 1H, NH), 7.90 (d, 2H, J =7.8 Hz, CHa,), 8.09 (d, 1H,
J=8.0 Hz, CHa,); 8.24 (s, 1H, CH=N-), 8.29 (s, 1H, NH);
8.66 (d, 1H, J = 7.8 Hz, CHa,); 8.90 (s, 1H, CHa,); 9.21
(s, 1H, CHpyrazo1); 11.21 (s, 1H, NH). LC-MS, m/z (L.,
%): 323 [M+1] (100 %). Found, %: C 59.87; H 4.49; N
25.86. Ci¢H14NgS. Calculated, %: C 59.01; H 3.8; N
26.07.

Ethyl 2-(2-(((3-aryl-1-phenyl-1H-pyrazol-4-yl)
methylene)hydrazineylidene)-4-oxothiazolidin-5-
ylidene)acetate IIl a-d. 0.22 g (0.0013 mmol) of
dimethyl acetylenedicarboxylate were added to the
solution of 0.0013 mmol of thiosemicarbazide II a-d in
20 ml of methanol. The mixture was stirred under reflux
for 1 h. The obtained precipitate was filtrated, washed
with water, dried, and recrystallized from methanol.

Ethyl 2-(2-(((3-(3-chlorophenyl)-1-phenyl-1H-
pyrazol-4-yl)methylene)hydrazineylidene)-4-
oxothiazolidin-5-ylidene)acetate III a. Yield 82 %.
Mp. = 509-511 K. IR spectra vem: 3396 (NH), 1717
(C=0), 1703 (C=0). 'HNMR spectra, § ppm: 1.25
(t, 3H, J=17.2 Hz, CH3); 4.23 (q, 2H, J = 7.2 Hz, CH,;0);
6.60 (s, 1H, CH=); 7.39-7.57 (m, 5H, CHa,); 7.84-7.99
(m, 4H, CHay); 8.43 (s, 1H, CH=N-); 8.99 (s, 1H,
CHyyrao); 12.78 (s, 1H, NH). "C NMR spectra, & ppm:
13.7, 60.8, 114.1, 116.1, 118.7, 127.0, 127.2, 127.6,
128.2, 129.3, 129.4, 130.0, 130.4, 130.6, 132.9, 133.6,
138.0, 142.4, 149.7, 159.1, 164.9. LC-MS, m/z (L1, %):
480 [M+1] (100 %). Found %: C 57.31; H 3.86; N
14.42. Cy3H,5CINsO5S. Calculated, %: C 57 56; H 3.78;
N 14.59.

%: C 55.81; H 3.90; N



286

Ethyl  2-(2-(((3-(3-methoxyphenyl)-1-phenyl-
1H-pyrazol-4-yl)methylene)hydrazineylidene)-4-
oxothiazolidin-5-ylidene)acetate III b. Yield 93 %.
Mp. = 527-529 K. IR spectra, v cm™: 3389 (NH), 1715
(C=0), 1705 (C=0). '"H NMR spectra, & ppm: 1.27 (t,
3H, J=7.4 Hz, CHj); 3.83 (s, 3H, CH;0); 4.24 (s, 2H,
CH,0); 6.62 (s, 1H, CH=); 7.05 (d, 1H, J=7.6 Hz,
CHa,); 7.30-7.58 (m, 6H, CHy,); 8.00 (d, 2H, J=8.0 Hz,
CHay); 8.49 (s, 1H, CH=N-); 8.99 (s, 1H, CHpyrzol);
12.77 (br.s, 1H, NH). >C NMR spectra, § ppm: 14.0,
55.2,61.2,113.8,114.3,114.5,116.3,119.0, 121.1, 127.2,
129.4, 129.5, 129.6, 129.7, 132.6, 133.0, 138.8, 143.0,
151.5, 152.0, 159.3, 165.4. LC-MS, m/z (4, %): 476
[M+1] (100 %). Found, %: C 60.52; H 4.30; N 14.96.
C,4H2N504S. Calculated, %: C 60.62; H 4.45; N 14.73.

Ethyl 2-(2-(((3-(3-(difluoromethoxy)phenyl)-1-
phenyl-1H-pyrazol-4-yl)methylene)-
hydrazineylidene)-4-oxothiazolidin-5-ylidene)acetate
III c. Yield 88 %. Mp. = 494-496 K. IR spectra, v cm’:
3391 (NH), 1719 (C=0), 1701 (C=0). 'H NMR spectra,
oppm: 1.27 (t, 3H, J=7.2 Hz, CH3); 426 (t,2H, J="7.2 Hz,
CH,0); 6.61 (s, 1H, CH=); 7.13-7.57 (m, 6H, CHa,
CHF,0); 7.92-7.99 (m, 4H, CHy,); 8.51 (s, 1H, CH=N);
9.00 (s, 1H, CHpyrazot); 12.76 (br s, 1H, NH). C NMR
spectra, 6 ppm: 13.9, 61.2, 114.2, 116.3, 1164 (t,
Jor = 257.7 Hz), 118.2, 118.8, 127.2, 128.9, 129.6,
129.8, 130.5, 130.6, 131.5, 138.7, 143.2, 150.6, 151.4,
151.5, 159.0, 165.5, 165.8. LC-MS, m/z (I, %): 512
[M+1] (100 %). Found, %: C 56.18; H 3.65; N 13.87.
Ca4H9F2N504S. Calculated, %: C 56.36; H 3.74; N 13.69.

Ethyl 2-(4-oxo0-2-(((1-phenyl-3-(pyridin-3-yl)-
1H-pyrazol-4-yl)methylene)hydrazineylidene)
thiazolidin-5-ylidene)acetate 111 d. Yield 91 %. Mp. =
=487-489 K. IR spectra, v cm': 3384 (NH), 1714
(C=0), 1703 (C=0). '"H NMR spectra, 8 ppm: 1.26 (t,
3H, J=7.2 Hz, CH3); 4.25 (d, 2H, J =7.2 Hz, CH,0); 6.59
(s, 1H, CH=); 7.40 (t, 1H, J= 8.00 Hz, CHy,); 7.49-7.58
(m, 3H, CHa,); 7.94 (d, 2H, J= 8.2 Hz, CHy,,); 8.30 (d,
1H, J= 8.0 Hz, CHy,); 8.51 (s, 1H, 1H, CH=N-); 9.66 (s,
1H, CHay); 8.95 (s, 1H, CHay); 9.05 (s, 1H, CHpyrazo);
12.64 (br s, 1H, NH). >C NMR spectra, § ppm: 14.0,
61.3, 114.4, 116.8, 118.9, 123.4, 127.3, 128.0, 129.6,
131.4, 136.5, 138.7, 142.8, 148.8, 149.0, 149.4, 151.2,
158.9, 165.3, 165.7. LC-MS, m/z (L, %): 447 [M+1]
(100 %). Found: C 59.27;, H 3.96; N 19.03.
CyH sNgO;S. Calculated, %: C 59.47; H 4.06; N 18.82.

Experimental in vivo study of hypoglycemic action
of (l1,3-thiazolidine-5-ylidene)hydrazones of 3-aryl-
pyrazole-4-carbaldehydes 111 a-d was conducted with
adult non-pedigree male rats (Rattus rattus L.) with a
body mass of 0.16-0.18 kg. For one month before and
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during the experiment, the animals were kept in a
vivarium under conditions of constant temperature
(291294 K), air humidity (50-55 %) in standard animal
cages with free access to drinking water and food to
adapt to the experimental conditions. The animals were
separated into two subgroups: control (intact rats) and
experimental. The selection of derivatives with the
ability to influence the concentration of glucose in the
blood and a comparison of their hypoglycemic effect
was carried out using a primary screening. The
evaluation was conducted by comparison of glucose
concentration changes in the blood before administration
of the studied compounds and after 1, 3, 5, 8, and 24 h.
Glucose level in the capillary blood from the rats tail was
analyzed using the glucose meter BIONIME Rightest
GM 110 (Switzerland). The compounds have been
administered in the dose of 17.3 mg/kg. The obtained
results of dynamics of the rats blood glucose levels were
statistically processed using Microsoft Excel [18].
Alloxan-induced diabetes were modeled using intraperito-
neal administration of 5 % solution of alloxan mono-
hydrate in the dose of 150 mg/kg.

3. Results and Discussion

4-Formylpyrazoles Ta-d [19] with aryl and
pyridine substituents in the position 3 of the heterocycle
were chosen as basic substrates for the synthesis of target
hybrid compounds. The corresponding thiosemicarbazones
II a-d as ambident bi-center reagents for formation of the
thiazolidine nucleus were successfully synthesized
(yields of 73—83 %) using the structural modification of
formyl group of compounds I a-d with thiosemicarbazide
in a boiling methanol in the presence of acetic acid as a
catalytic agent (Scheme 1). It was shown that the
cyclocondensation of thiosemicarbazones II a-d and
diethyl acetylenedicarboxylate, as highly electrophilic
and widely used in heterocyclic synthesis [20] reagent,
during 1 hour is highly regioselective and leads to
undescribed (1,3-thiazolidine-5-ylidene)hydrazones of 3-
arylpyrazole-4-carbaldehydes III a-d with yields of 82—
93 % (Scheme 1). Recently the authors of work [21]
have proposed a similar type of transformation, which
includes the stage of primary N -acylation of the thioureido
fragment of the compounds Ila-d by acetyl-
enedicarboxylate. However, the majority of publications
devoted to this problem [22-25] is shown that the
reaction proceeds through the initial formation of the
addition Michael’s product A with the subsequent for-
mation of the thiazolidine ring.
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Scheme 1. Synthesis of (1,3-thiazolidine-5-ylidene)hydrazones of 3-arylpyrazole-4-carbaldehydes III a-d

Table
Change of the glucose level in the rats blood after administration of the compounds III a-d
Compound Dose, Base value Time after compound administration, h
P mg/kg 1 3 5 8 24
IIT a 17.3 5.54+0.7 7.0+0.4 6.7+0.8 6.1+£0.4 5.6+0.6 5.3+0.4
II1 b 17.3 5.7+1.5 7.25+0.22 5.85+0.22 5.40+0.01 5.15+0.22 6.5+0.5
Il ¢ 17.3 5.55+0.22 6.2+0.5 5.254+0.22 4.9+0.43 4.7+0.43 5.6+1.5
1n d 17.3 5.75+0.22 7.44+0.22 5.94+0.5 5.6+0.5 5.0+0.4 5.94+0.2
5 :
5% solution of alloxan 150 5.5+0.7 12.840.6 | 12.640.5 | 12.4+05 | 10.840.5 | 8.8+0.5
monohydrate
HI ¢ in the conditions of 173 8.8+0.5 70404 | 5706 5.440.6 51406 | 52+08
alloxan-induced DM
Control 5.4+0.2 5.6+£0.2 5.1+£0.5 4.9+0.2 5.0+£0.2 4.8+0.2

Note: P < 0.05 (in relation to the base level); DM is diabetes mellitus
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°
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E 10,00 | —A—lllc
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3 500 \+~+=*+ﬁ+7 Y
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Time, h

Fig. 2. Influence of the studied compounds IIT a-d on the change of glucose level in the rats blood
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The structures of synthesized compounds were
confirmed by the data of their IH, Bc NMR, IR, and LC-
MS spectra. In particular, the absorption bands of N-H
groups (3384-3396 cm™") and C=0O (1714-1719 and
1701-1705 cm™) are presented in IR spectra. In the 'H
and "C NMR spectra of compounds III a-d, for which
rotation around a bond is possible, only one set of
resonance signals is present, which indicates the
existence of these derivatives in the form of one
geometric isomer. Characteristic singlets of protons of
exocyclic group CH= at 6.59-6.62 ppm, CH=N at 8.43—
8.51 ppm, and broad singlets of NH-protons of the
thiazolidine cycle at 12.64—12.78 ppm are presented in
'H NMR spectra. The presence of singlet signal in the
range of 6.59-6.62 ppm in the 'H NMR spectra of the
obtained compounds confirms the Z-configuration of
the exocyclic ethoxycarbonylvinyl fragment [22, 25].
BCNMR spectra of the formed thiazolidine hybride
molecules III a-d contain signals of carbon atoms in the
ranges of 149.7-152.0 ppm (C°), 158.9-159.3 ppm (C?),
and 167.5-165.8 ppm (C"), respectively.

The results of in vivo studies of changes in rats
blood glucose level after oral administration of the
studied compounds III a-d have shown the following
structure-activity relationship. It was established that the
replacement of the phenyl substituent in the pyrazole
ring with the pyridyl residue reduces the hypoglycemic
effect. The presence of a halogen atom in the phenyl
substituent of the pyrazole ring decreases the level of
glucose in the blood. It was determined, that the
compound IIlc, containing difluoromethoxyphenyl
substituent, decreases the glucose concentration the most
effectively. Ethyl 2-(2-(((3-(3-(difluoromethoxy)phenyl)
-1-phenyl- 1 H-pyrazol-4-yl)methylene)-hydrazineylidene)-
4-oxothiazolidin-5-ylidene)acetate III ¢ was chosen for the
following study of hypoglycemic effect in animals with
induced alloxan-induced diabetes mellitus. The last one
was induced by an intraperitoneal injection of 150 mg/kg
body weight of alloxan monohydrate.

The obtained results are given in the Table and
Fig. 2. It was determined that the hypoglycemic activity
of the compound III ¢ at a dose of 17.3 mg/kg causes a
rapid decrease of the glucose concentration in the blood
of rats after its introduction. Thus, after 3 h a glucose
level decreased on average by 35.2 %, after 5h — by
38.6 %. It was established that the effect of decrease of
the glucose concentration lasted for more than 8 h.

4. Conclusions

Therefore, the synthesis of (1,3-thiazolidine-5-
ylidene)hydrazones of 3-arylpyrazole-4-carbaldehydes
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III a-d with high yields of 82-93 % using cycloconden-
sation of corresponding thiosemicarbazones of 3-aryl-4-
formylpyrazoles with diethyl acetylenedicarboxylate was
carried out. The convenient use of acetic acid as a
catalyst for the synthesis of compounds II a-d obtained
by the structural modification of formyl group of 3-aryl-
4-formylpyrazoles I a-d, containing aryl and pyridine
substituents in the position 3 of the heterocycle, was
shown. It was determined that the proposed cyclo-
condensation of ambident bi-center reagents II a-d with
highly electrophilic dipolarophile diethyl acetylenedi-
carboxylate is regioselective. The hypoglycemic effect in
the conditions of oral administration of synthesized
compounds III a-d has been determined by in vivo study.
It was found that ethyl 2-(2-(((3-(3-chlorophenyl)-1-
phenyl-1H-pyrazol-4-yl)methylene) hydrazineylidene)-4-
oxothiazolidin-5-ylidene)acetate Il ¢ is a promising
hypoglycemic substance with the effect of more than 8 h
in the conditions of alloxan-induced diabetes mellitus at a
concentration of 17.3 ug/kg.

References

[1] Sattar N.: BMC Med., 2019, 17, 46.
https://doi.org/10.1186/s12916-019-1281-1

[2] Knowler W., Hamman R., Edelstein S. et al.: Diabetes, 2005,
54, 1150. https://doi.org/10.2337/diabetes.54.4.1150

[3] Guclu M., Gul O., Cander S. ef al.: J. Diabetes Res., 2015,
2015. https://doi.org/10.1155/2015/807891

[4] Lincoff A., Wolski K., Nockols S. et al.: Am. J. Med., 2007,
298, 1180. https://doi.org/10.1001/jama.298.10.1180

[5] Kucukguzel S., Senkardes S.: Eur. J. Med. Chem., 2015, 97,
786. https://doi.org/10.1016/j.ejmech.2014.11.059

[6] Dey T., Jacob J., Sahu S., Baidya M.: PharmacologyOnline,
2011, 1, 908.

[7] Hernandez-Vazquez E., Aguayo-Ortiz R., Ramirez-Espinosa J.
et al.: Eur. J. Med. Chem., 2013, 69, 10.
https://doi.org/10.1016/j.ejmech.2013.07.054

[8] Maccari R., Ottana R., Ciurleo C. et al.: Bioorg. Med. Chem.
Lett., 2005, 13, 2809. https://doi.org/10.1016/.bmc.2005.02.026
[9] Maccari R., Ottana R., Ciurleo R. et al.: Bioorg. Med. Chem.
Lett., 2007, 17, 3886. https://doi.org/10.1016/j.bmcl.2007.04.109
[10] Zentgraf M., Steuber H., Koch C. et al.: Angew. Chem. Int.
Edit., 2007, 46, 3575. https://doi.org/10.1002/anie.200603625
[11] Vovk M., Yarosh O., Denysenko O. et al.: UA Pat. 92647,
Publ. Aug. 26, 2014.

[12] Tietze L., Bell H., Chandrasekhar S.: Angew. Chem. Int.
Edit., 2003, 42, 3996. https://doi.org/10.1002/anie.200200553
[13] Mishra S., Singh P.: Eur. J. Med. Chem., 2016, 124, 500.
https://doi.org/10.1016/j.ejmech.2016.08.039

[14] Vovk M., Bratenko M., Chornous V.: 4-
Funksionalnozamishcheni Pirazoly. Prut, Chernivtsi 2008.

[15] Chaban T., Klenina O., Drapak 1. ef al.: Chem. Chem.
Technol., 2014, 8, 287. https://doi.org/10.23939/chcht08.03.287
[16] Baranovskyi V., Symchak R., Pokryshko O. ef al.: Chem.
Chem. Technol., 2018, 12, 447.
https://doi.org/10.23939/chcht12.04.447

[17] Bratenko M., Barus M., Denysenko O. ef al.: Zh. Org. Pharm.
Khim., 2015, 13, 37.

[18] Montsevichyute-Eringene E.: Patol. Phiziol., 1964, 71.



Synthesis and Evaluation of Hypoglycemic Activity of New Pyrazolothiazolidine Hybrid Structures 289

[19] Bratenko M., Chernyuk L., Vovk M.: Zh. Org. Khim., 1997,
33, 1368.

[20] Berman H., Westbrook J., Feng Z. et al.: Nucl. Acids Res.,
2000, 28, 235. https://doi.org/10.1093/nar/28.1.235

[21] Ramadan S., Sallam H.: J. Het. Chem., 2018, 55, 1942.
https://doi.org/10.1002/jhet.3232

[22]Singla R., Gautam D., Gautam P., Chaudhary R.: Phoshorus
Sulfur, 2016, 191, 740.
https://doi.org/10.1080/104265507.2015.1073282

[23] Hassan A., Mohamed S., Mohamed V. ef al.: J. Chem. Res.,
2014, 38, 673.
https://doi.org/10.3184%2F174751914X14138794305033

[24] Hassan A., Ibrahim Y., Aly A. ef al.: J. Het. Chem., 2013, 50,
473. https://doi.org/10.1002/jhet.712

[25] Benmohammed A., Khoumeri O., Djafri A. et al. :
Molecules, 2014, 19, 3068. https://doi.org/10.3390/molecules
19033068

Received: October 10, 2019 / Revised: November 26, 2019 /
Accepted: December 02, 2019

CHUHTE3 TA OIIHKA T'MOT JIKEMIYHO{
AKTUBHOCTI HOBHUX IIIPA30JIO-
TIA3OJIAUHOBUX I'IBPUJIHUX CTPYKTYP

Anomauia.  L{uxiokondencayicto  miocemuxapbazomie
3-apun-4-popminnipaszonie iz Odiemunogum ecmepom ayemi-
EeHOUKAPOOHOBOI KUCIOMU Y M SIKUX PEAKYIUHUX YMOBAX OMPUMAHT
nepcnekmuGHi 2IOpUOHi CMpYKmypu, 8 SIKUX (DYHKYIOHANI308aHI
nipazoneHuti i MiazoniouHOGUIl YUKIU 3 €OHAHI Memuienziopa-
30HOBUM NIHKEPOM. 3anponoOHOBAHO GUKOPUCIIAHMHS OYMOBOI KUC-
aomu K Kamauimuyhoi 000asKu y peaxyii ooepiicanus amoi-
OeHMHUX OiYeHmpogUX MiOCeMUKapOazonie - peazenmis Ois no-
0anvuto2o Gopmysants miazoniounogo2o yuxny. In vivo odocri-
OICEHHSIM 3MiH PIGHsL 2NIOKO3U Y KPOGI WYpi6 Niciis NepopaibHO20
68E€0EHHA CUHME308AHUX NOXIOHUX BCIMAHOGIEHO CHOMYKU 3
BUPAIICEHUM 2INO2NIKEMIUHUM eqheKmoM.

Kniouosi cnosa: nipazonu, miazoniouHoHu,
CMpyKmypu, 2ino2niKemiyHa akmugHicmb.
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