CHEMISTRY & CHEMICAL TECHNOLOGY

Chem. Chem. Technol., 2022,
Vol. 16, No. 4, pp. 532—542

Chemistry

SYNTHESIS OF NEW 3-MORPHOLYL-SUBSTITUTED
4-ARYL-2-ARYLIMINO-2,3-DIHYDROTHIAZOLE DERIVATIVES
AND THEIR ANTI-INFLAMMATORY AND ANALGESIC ACTIVITY

Iryna Drapak! *, Borys Zimenkovsky!, Lina Perekhoda?, Hanna Yeromina?, Zinaida
Ieromina?, Marianna Paykush!, Liliya Logoyda®, Vira Lubenets?, Tetiana Holubieva?,
Roksolana Yaremkevych!, Oleksandr Shchur!, Nataliya Seredynska®

https://doi.org/10.23939/chcht16.04.532

Abstract. New 4-aryl-3-(morpholin-4-yl)-2-arylimino-2,3-
dihydrothiazole derivatives 1.1-1.16 were obtained using
the Hantzsch reaction by condensation of N-(morpholin-4-
yl)-N'-arylthioureas with the corresponding o-bromoace-
tophenones in alcohols. Synthesized hydrobromides 1.1-1.8
were formed as crystalline precipitates during the boiling of
the reaction mixture. Bases 1.9-1.16 were obtained by
neutralizing the corresponding hydrobromides with
NH4OH solution. It has been proposed a possible mecha-
nism of the reaction that is based on the study of the
structure of the synthesized compounds. The structures of
the synthesized compounds were confirmed by 'H NMR
spectroscopy with its special techniques (NOESY and
ROESY experiments). It has been shown the formation of
the isomer 4-(4'-chlorophenyl)-3-(morpholin-4-yl)-2-(4'-
chlorophenylamino)-2.3-dihydrothiazole on the basis of
compound 1.14. Pharmacological screening of synthesized
derivatives of 4-aryl-2-arylimino-2,3-dihydrothiazole com-
pounds revealed the analgesic effect in the model of
visceral pain caused by the introduction of acetic acid to
white mice. The anti-inflammatory effect of the synthesized
compounds was evaluated in vivo by reducing limb edema
in rats with carrageenan-induced inflammation. Thus, the
synthesized compounds have analgesic and anti-inflam-
matory activity.
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1. Introduction

The search for new compounds with anti-
inflammatory and analgesic effects is an urgent problem
due to the prevalence of inflammatory processes of
different genesis. Analgesics and anti-inflammatory drugs
presented in the pharmaceutical market are not effective
and safe enough. Their side effects and the complexity of
their pharmacological correction during the application
with drugs of other pharmacotherapeutic groups deter-
mine the feasibility of searching for new compounds with
anti-inflammatory and analgesic effects.'”

The thiazole heterocycle is an important pharma-
cophore. The use of various substituents in the thiazole
fragment gives new biologically active compounds.”
Thiazole derivatives exhibit a wide range of biological
properties and are important reagents. Some of them such
as Troglitazone, Rosiglitazone, Pioglitazone, Teneligliptin
are widely used in the treatment of type 2 diabetes T2D.

The known thiazole compounds have demonstrated
antitumor activity on the studied cell lines.® Pharmaco-
logical screening for antimicrobial activity of 1,3-
thiazoline derivatives with N-methylpiperazine moiety
indicates their potent antimicrobial activity against
sulfate-reducing bacteria Desulfovibrio sp. M.4.1.°

The antioxidant activity of novel N3 and C6
substituted 5,7-dimethyl-3H-thiazolo[4,5-b]pyridine-2-one
derivatives has been evaluated in vitro by the method of
scavenging effect on 2,2-diphenyl-1-picrylhydrazyl
radicals.'"’ The synthesis and prognosis of antihyper-
tensive activity in silico of new Mannich bases containing
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a nitrogen-containing fragment are known.'' Based on
pharmacological studies among 2-arylimino-4-methyl-
2,3-dihydro-1,3-thiazoles, compounds for in-depth phar-
macological studies have been proposed as potential
cardioprotective agents.'> A series of 2-aryl-thiazole
hydrazone derivatives have a stronger anti-inflammatory
effect than meloxicam."'* Thiazolotriazoles containing
2,4-dichloro-5-fluorophenyl moiety show anti-inflam-
matory, analgesic and antimicrobial activities."
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Thiazole derivatives have been used in the study of
the kinetics of thermo-induced radical polymerization.'® A
method of voltammetric determination of Pd (II) using 5-
hydroxyimino-4-imino- 1,3-thiazolidine-2-one in the pH
range from 1.0 to 10.0, after thermal activation, has also
been proposed.'”

The aim of this work is the synthesis of new 3-
morpholyl-substituted 4-aryl-2-arylimino-2,3-dihydrothia-
zole derivatives, the study of their physicochemical
properties, the anti-inflammatory and analgesic effects.
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2. Experimental part

2.1. Chemical part

The objects of the study were 3-morpholyl-sub-
stituted  4-aryl-2-arylimino-2,3-dihydrothiazole deriva-
tives. 4-Aryl-3-(morpholin-4-yl)-2-arylimino-2,3-dihydro-
thiazole derivatives were obtained under the conditions of
the Hantzsch reaction (scheme 1)."?

The method for the synthesis of 4-phenyl-3-
(morpholin-4-yl)-2-phenylimino-2,3-dihydrothiazole hyd-
robromide 1.1. Boil 2.37 g (0.01 mol) of N-(morpholin-4-
yl)-N'-phenylthiourea and 1.2 g (0.01 mol) of a-bro-
moacetophenone in 40 mL of ethanol for 1 hour. Filter the
resulting precipitation, wash with water, and dry.
Crystallize from propanol-2. Yield — 3.35 g (80 %).

Compounds 1.1-1.3 were obtained similarly.

The method for the synthesis of 4-(4-chlorophenyl-
3-(morpholin-4-yl)-2-phenylimino-2, 3-dihydrothiazole
hydrobromide 1.4. Boil 2.37 g (0.01 mol) of N-(mor-
pholin-4-yl)-N'-phenylthiourea and 2.33 g (0.01 mol) of
a-bromo-4-chloroacetophenone in 40 mL of ethanol for 1
hour. Filter the resulting precipitation, wash with water,
and dry. Crystallize from propanol-2. Yield — 3.76 g
(83 %).

Compounds 1.5-1.8 were obtained similarly.

The method for the synthesis of 4-(3,4-dimetho-
xyphenyl)-3-(morpholin-4-yl)-2-phenylimino-2,3-dihyd-
rothiazole 1.9. Boil 2.37 g (0.01 mol) of N-(morpholin-4-
yl)-N'-phenylthiourea and 2.59 g (0.01 mol) of a-bromo-
3" 4'-dimethoxyacetophenone in 40 mL of ethanol for
3 hours. Evaporate the reaction mixture to a volume of
15-20 mL and neutralize by adding 20 mL of 10 %
ammonia solution. Filter the resulting precipitation, wash
with water, and dry. Crystallize from propanol-2. Yield —
2.73 g (70 %).

Compounds 1.10-1.12 were obtained similarly.

The method for the synthesis of 4-(4"-chlo-
rophenyl)-3-(morpholin-4-yl)-2-(2',3"-dimethylphenyl)
imino-2,3-dihydrothiazole 1.13. Boil 2.65 g (0.01 mol) of
N-(morpholin-4-yl)-N’-(2,3-dimethylphenyl)thiourea and
2.33 g (0.01 mol) of a-bromo-4’-chloroacetophenone in
40 mL of ethanol for 3 hours. Evaporate the reaction
mixture to a volume of 15-20 mL and neutralize by
adding 20 mL of 10 % ammonia solution. Filter the
resulting precipitation, wash with water, and dry. Crys-
tallize from heptane. Yield —3.16 g (79 %).

Compounds 1.14-1.16 were obtained similarly.

The structure and individuality of the 3-morpholyl-
substituted 4-aryl-2-arylimino-2,3-dihydrothiazole deriva-
tives synthesized were confirmed by 'H NMR-spect-
roscopy, elemental analysis data (Tables 1 and 2).
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2.1. Biological part

An experimental study of the anti-inflammatory
activity of the compounds was conducted on male (albino)
rats weighing (160+5.7) g, which were kept on a
standard balanced diet in a vivarium with a free access to
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food and water at a temperature of (293-295) K and
relative humidity 40-60 %.'®" The research was con-
ducted in compliance with the requirements of the
European Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific
Purposes (Strasbourg, 1986).

Table 1. Physicochemical properties of 3-morpholyl-substituted 4-aryl-2-arylimino-2,3-dihydrothiazole

derivatives 1.1-1.16

0
R <J
N
/
N

R -X
ey
S

1.1-1.16 @
1

R

Com- Gross formula Yield, | Melting Elemental analysis

pound % point, °C Calculated, % Found, %
1.1 Ci9H9N;O0S " HBr 80 | 241-243 | C54.55;H4.82; N 10.04; S 7.66 C54.63; H4.93; N 10.28; S 7.78
1.2 C4HsBrN;OS  HBr 80 | 258-260 | C 45.89; H3.85; N 8.45; S 6.45 C 46.02; H3.93; N 8.56; S 6.48
1.3 C9HsN4O;S " HBr 72 238-240 |C49.25; H4.13; N 12.09; S6.92 |C49.37; H4.22; N 12.32; S 7.05
1.4 C9H;5CIN;OS " HBr 83 196-198 | C 50.40; H 4.23; N 9.28; S 7.08 C50.58; H4.18; N 9.41; S 7.16
1.5 C,H»,CIN;O,S " HBr 81 197-198 | C 50.77; H4.67; N 8.46; S 6.45 C50.93; H4.81; N 8.38; S6.57
1.6 CyH0CIN;0,S " HBr 78 196-198 | C 49.75; H4.38; N 8.70; S 6.64 C 49.88; H4.45; N 8.67; S 6.76
1.7 CyHCIN;OS " HBr 75 197-199 | C 51.46; H 4.53; N 9.00; S 6.87 C51.62;H4.47;N9.17; S 6.98
1.8 CyHCIN;OS " HBr 76 198-200 | C 51.46; H 4.53; N 9.00; S 6.87 C51.62; H4.67,N9.12; S 6.81
1.9 CyHpN50;S 70 185-187 | C 63.46; H 5.83; N 10.57; S8.07 |C 63.61; H5.95; N 10.72; S 8.02
1.10 CyoHy1N50,S 74 147-149 |C 65.37; H5.76; N 11.43; S8.73 |C 65.39; H5.87; N 11.58; S 8.78
1.11 CyoHy1N;08 76 153-155 |C 68.35; H6.02; N 11.96; S9.12  |C 68.47; H6.13; N 12.05; S 9.35
1.12 CyoHy1N50,S 76 140-142 | C 68.35; H6.02; N 11.96; S9.12  |C 68.39; H 5.94; N 12.09; S 9.22
1.13 C,H,CIN;OS 79 112-114 |C 63.07; H5.54; N 10.51; S8.02 |C 63.21; H5.57; N 10.43; S 8.13
1.14 C9H;,CILN;08 87 150-152 |C 56.16; H4.22; N 10.34; S7.89 |C 56.33; H4.27; N 10.49; S 7.78
1.15 CyHCIN;0S8 75 139-140 | C 62.25; H5.22; N 10.89; S8.31 |C 62.34; H5.38; N 11.02; S 8.46
1.16 CyHCIN;0,S 74 188-190 | C 59.77; H5.02; N 10.45; S 7.98 | C 59.92; H4.89; N 10.62; S 8.14

The anti-inflammatory effect of the compounds
was studied on the model of carrageenan-induced edema.”
By random sampling, the animals were divided into
groups of seven rats each. The first (control) group
included animals, in which the inflammatory process was
induced by injecting a solution of carrageenan (an
aqueous 1.0 % solution) into the subplantar area of the
hind paw subcutaneously in the volume of 0.1 mL. The
second group was rats with induction of the inflammatory
process one hour after the introduction of the test com-
pounds. The third group included animals with the induc-
tion of the inflammatory process of 30 min after admi-
nistration of the reference drug — diclofenac sodium, one of
the most powerful anti-inflammatory medicines in the
group of nonsteroidal anti-inflammatory drugs. The fourth
group was animals that were given carrageenan 30 min
after ibuprofen administration. A separate group consisted
of intact animals. Diclofenac was used in an average effec-
tive dose by the anti-inflammatory activity — 8.0 mg/kg of
the animal body weight. The compounds were ad-
ministered in the dose of approximately 1/7 of the average
lethal dose of the compound — 50 mg/kg of the rat body

weight. An effective dose of ibuprofen to reduce the
inflammatory response is 50 mg/kg. Therefore, ibuprofen
was chosen as another reference drug (by the dose load).
The route of administration of the compounds synthe-
sized, ibuprofen and diclofenac are intraperitoneal with
the preliminary emulsification of the compounds studied
in the form of a suspension in one drop of Tween-80™
and preparation of solutions of the appropriate con-
centrations using water for injection.

The volume of the affected (hind) paw was
measured using an electronic volumeter immediately
before administration of the test compounds (initial
values) and 4 hours after the inflammation induction. The
antiexudative activity (AEA) was determined by the
indicator of the paw edema reduction in rats, calculated by
the following equation and expressed as a percentage:

control

Vex eriment
- -100 %
AV

control

AEA,% =

where AVontrol a0d AVexperiment are the average values of
the difference in the volume of the hind paw for animals
of the control and experimental groups, respectively.
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The analgesic activity (AA) of the compounds
synthesized was studied on the model of visceral pain in
white mice induced by intraperitoneal administration of
0.75 % acetic acid solution, which could cause activation
of the kallikrein-kinin system, prostaglandins, biogenic
amines, which were endogenous mediators of inflam-
mation and contributed to the development of abdominal
muscle writhings.”

Immediately before administration to animals
0.75 % solution of glacial acetic acid (c.p.; 99.8 %) was
prepared. Acetic acid was administered intraperitoneally
in the volume of 0.1 mL per 10 g of the mouse weight.

The animals were kept on a standard diet with free
access to water under the appropriate laboratory con-
ditions. The day before the start of the experiment, the
animals were weighed and randomized into groups of
7 mice each (4 females and 3 males). The first group
included animals without a test sample, but they were
injected intraperitoneally with acetic acid (control). In the
following two groups, there were mice injected with the
test compounds and ketorolac in 1 % starch suspension
intragastrically through a special metal probe in the doses
of 50 mg/kg and 3 mg/kg of the animal body weight (the
therapeutic dose calculated with reference to animals),
respectively, 60 minutes before the induction of a pain
response. Ketorolac was chosen as the reference drug with
the proven significant analgesic effect. The selected dose
of ketorolac was the average effective dose by the
analgesic effect. After the introduction of acetic acid, the
animals were placed on a paper mat located on a
laboratory table and covered with a special glass cap with
a hole for free air access. There were no more than 2 mice

EtOH, t°C, 1h

oo
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under one cap. One researcher observed no more than two
animals at the same time.

The animals were monitored for 30 minutes after
the introduction of the pathogenic agent, and the number
of writhings was recorded from 5 to 15 minutes
inclusively. An indicator of the analgesic effect was a
decrease in the number of writhings in animals injected
with the test compound or the reference drug. The
analgesic activity was expressed as a percentage and
calculated as the ratio of the difference in the number of
writhings in animals of the control and experimental
groups to the number of writhings in mice of the control

group.

3. Results and Discussion

4-Aryl-3-(morpholin-4-yl)-2-arylimino-2,3-dihyd-
rothiazole derivatives 1.1-1.16 were obtained using the
Hantzsch reaction by condensation of N-(morpholin-4-yl)-
N'-arylthioureas with the corresponding o-bromoace-
tophenones in ethanol (Schemel). Hydrobromides 1.1-1.8
synthesized were formed as crystalline precipitates when
the reaction mixture was boiled for 3 hours. Bases 1.9-
1.16 were obtained by neutralizing the corresponding
hydrobromides with 10 % NH4OH solution according to
Scheme 1.

Compounds 1.1-1.16 synthesized are white and
light-yellow crystalline substances, soluble in methanol,
ethanol, propanol-2, DMF and DMSO, sparingly soluble
in heptane, insoluble in chloroform. Hydrobromides 1.1-
1.8 obtained are soluble in water.

1.1 R'=R’=H

1.2 R'=H,R?>=4-Br

1.3 R!'=H,R?=3-NO,

1.4 R!'=H,R?=4-Cl

1.5 R!'=4-OC,H,, R?2=4-Cl

1.6 R!'=2-OCH,, R?>=4-Cl
1.7 R'=2-CH,, R*=4-Cl
1.8 R!'=4-CH,, R*=4-Cl

1.1-1.8

Br

EtOH, t°C

Br R’ < > R
OH-
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o 1.9 R'=H, R*=34-1m-OCH,
(__) 1.10 R!'=H, R>=4-OCH,
N 111 R'=H, R>=4-CH,
/ 112 R'=H, R*>=3-CH,
113 R!'=23-1u-CH,, R?=4-Cl

1.14 R'=R?=4-Cl
115 R!'=3-CH,,R?=4-Cl
1.16 R'=4-OCH,, R?=4-Cl

N
[y

1.9-1.16

Scheme 1
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For compounds 1.1-1.16 synthesized, proton signals
of the thiazole cycle are interpreted in the region of
6.04-7.04 ppm as singlets. The morpholine fragment is
characterized by signals in the region of & = 2.59-2.92 ppm
as multiplets or wide singlets of the —CH,-N-CH,— group,
and signals in the region of 6 = 3.54-3.78 ppm as
multiplets or wide singlets for the —CH,-O-CH,—
fragment. The fixation of aromatic proton shift signals
in the region of 6 = 6.60-8.17 ppm as doublets or
multiplets is characteristic. For compounds 1.1, 1.3, 1.5, and
1.8, the shift signals of aromatic protons and the thiazole
cycle are superimposed and displayed as multiplets in the
region of 6 = 7.14-8.17 ppm. Compounds 1.5-1.8 with
ethoxyl or methyl substituents in position 4 of the phenyl ring
are characterized by the overlap of aromatic and thiazole
proton signals in the region of 6 = 7.04—7.55 ppm as a
multiplet or doublet-doublet. For salts (compounds 1.1-1.8)
in a weak field in the region of 6 = 10.70-11.90 ppm signals
of protons of the NH group are characteristic as singlets.
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can be two isomers A and B (Scheme 2). To determine the
true structure of the substances obtained, data from such
modern physicochemical methods of analysis as chro-
matography-mass spectrometry, 'H, " C-NMR-spectro-
scopy and correlation 2D NMR-spectroscopy (NOEZY,
ROEZY) were used. Individually each of these methods
did not allow identifying the reaction product. Thus,
chromatography-mass spectroscopy for compounds 1.6,
1.7 confirmed the course of the reaction in one direction
(determination of molecular weights and one high
chromatographic peak). 'H, *C-NMR-spectroscopy data
provided information about the presence of only one set of
signals (Hydrogen and Carbon atoms, respectively). 2D
NMR-spectroscopy (Nuclear Overhauser effect) and
ROEZY (Rotating Overhauser effect) examined the
spatial structure of the reaction product. In the complex,
the data of these physicochemical methods were used for
the example of identification of compound 1.14 — a
product of the interaction of N-morpholin-4-yl-N'-(4-chlo-

Taking into account the fact that substituted rophenyl)thiourea and a-bromo-4-chloroacetophenone
thiourea are tautomeric compounds the reaction products  (Scheme 2).
H H H H
N\ N N N\
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—~ B —
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On the “C NMR spectrum of compound 1.14
(Fig. 1), 13 signals are interpreted: a signal at 101.6 ppm
corresponding to the C-4 carbon of the thiazole cycle; two
signals of the morpholine fragment carbons in the
aliphatic region; four double-intensity signals indicate the
presence of carbons in the ortho- and meta-positions of
aromatic cycles; six signals are in weak fields. The 'H
NMR spectrum (Fig. 2) the test substance 1.14 has two
extended singlets of the morpholine fragment in the region
of 6 =2.59 and 3.64 ppm, a singlet of the methine proton
of the thiazoline cycle at 6 = 6.49 ppm, as well as four
two-proton doublets characteristic of two para-substituted

a o
.
[ D=y
s

Cl
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aromatic nuclei in the region of & = 7.12 ppm and
7.30 ppm for one and 6 = 7.19 ppm and 7.38 ppm for the
other (assignment of aromatic core signals is made on the
basis of data of the NOESY experiment) (Fig. 3). The
presence of cross-peaks between the signal & = 2.59 ppm
of morpholine protons and ortho-protons of both aromatic
nuclei (signals at & = 7.12 ppm and 7.19 ppm) (based on
data of the NOESY experiment) (Fig. 4) indicates the
location of the morpholine fragment between these two
nuclei. Thus, the structure studied is 4-(4'-chlorophenyl)-
3-(morpholin-4-yl)-2-(4'-chlorophenylamino)-2,3-
dihydrothiazole 1.14.

Fig. 1. °C NMR spectrum of product of the interaction of
N-morpholin-4-yl-N'-(4-chlorophenyl)thiourea and a-bromo-4-chloroacetophenone (compound 1.14)
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Fig. 2. "H NMR spectrum of product of the interaction of N-morpholin-4-yl-N'-(4-chlorophenyl)thiourea
and o-bromo-4-chloroacetophenone (compound 1.14)
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Fig. 3. NOESY- spectrum of product of the interaction
of N-morpholin-4-yl-N'-(4-chlorophenyl)thiourea and a-bromo-4-chloroacetophenone
(compound 1.14)

Fig. 4. ROESY-spectrum of product of the interaction
of N-morpholin-4-yl-N'-(4-chlorophenyl)thiourea and a-bromo-4-chloroacetophenone
(compound 1.14)
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3.1. Anti-inflammatory activity

An increase in the foot volume by 130.6 % in white
rats with the induction of the inflammatory process was
observed 4 hours after the subplantar introduction of
carrageenan (Table 3). All test samples had antiexudative
activity. Reference drug diclofenac had the most pronounced
anti-inflammatory activity at the level of 42.5 %, as expected.
At the same time, a fairly significant anti-inflammatory
effect, which, in fact, was identical to the action of ibuprofen,
was inherent to 4-(4-methoxyphenyl)-3-(morpholin-4-yl)-2-
phenylimino-2,3-dihydrothiazole ~(compound 1.10), as
evidenced by its AEA —35.2 %.

Iryna Drapak et al.

The obtained results allow to state the presence of
anti-edematous activity in the studied compounds, and the
most promising for development as a compound with anti-
inflammatory action is compound 1.10.

3.2. Analgesic activity

The studies of the analgesic effect in the dose of
50.0 mg/kg of the compounds synthesized 1.2, 1.6, 1.8,
1.19, 1.10, 1.15 on the model of visceral pain showed the
analgesic activity — 18.7-42 %, as evidenced by a de-
crease in the number of writhings compared to the group
of untreated animals (Table 4).

Table 3. The antiexudative activity of compounds on the model of carrageenan-induced inflammation in white rats (the

data is presented as M+m, n=7 in each group)

. The foot volume, CU, 4
Groups The 1n1t1a11 ValueCo[thhe foot hours after the inflammation AEA, %
Vorme, induction
Intact animals 0.99+0.12 0.99+0.12 —
Carrageenan, 1 % (control) 0.98+0.13 2.26+0.21 —
Diclofenac 1.0+0.12 1.3+0.16* 42.5
Ibuprofen 0.99+0.13 1.4540.14* 35.8
1.1 1.0£0.11 1.82+0.14* 19.1
1.2 1.0+0.10 1.5440.14* 31.6
1.3 0.99+0.13 1.88+0.14* 17.1
14 0.99+0.13 1.89+0.12* 16.5
1.5 0.98+0.15 1.79+0.12* 21.2
1.6 1.0£0.12 1.62+0.14* 28.1
1.7 0.9940.11 1.84+0.14* 18.3
1.8 0.99+0.10 1.51+0.12* 32.8
1.9 0.99+0.13 1.64+0.14* 273
1.10 0.98+0.14 1.46+0.12* 35.2
1.11 0.99+0.19 1.89+0.12* 16.5
1.12 0.98+0.11 1.82+0.14* 19.4
1.13 1.0£0.12 1.86+0.14* 17.6
1.14 0.99+0.13 1.76+0.14* 21.4
1.15 0.99+0.12 1.60+0.12* 27.6
1.16 1.0£0.12 1.74+0.14* 22.8

* p<0.05 relative to the control.

Table 4. The analgesic activity of compounds on the model of “acetic writhings” in white mice (the data is presented as

M=m, n=7 in each group)

Groups of animals Number of writhings within 20 min Analgesic activity
Model pathology (control) 14.7£2.2 —
Ketorolac 4.540.3* 68.9
1.2 6.920.7* 42.0
1.6 12.2+0.7* 18.7
1.8 11.8+0.7* 19.7
1.9 10.8+0.6* 24.3
1.10 9.6+0.5* 32.1
1.15 9.940.7* 29.6

* p <0.05 relative to the control group.
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All test compounds showed analgesic activity
compared to the reference drug ketorolac (68.9 %). A
fairly significant analgesic effect was inherent to 4-(4-bro-
mophenyl)-3-(morpholin-4-yl)-2-phenylimino-2,3-dihyd-
rothiazole hydrobromide 1.2 (42%), 4-(4-metho-
xyphenyl)-3-(morpholin-4-yl)-2-phenylimino-2,3-dihyd-
rothiazole 1.10 (32.1 %) and 4-(4-chlorophenyl)-3-
(morpholin-4-yl)-2-(2-methylphenyl)imino-2,3-dihydro-
thiazole 1.15 (29.6 %). Compounds with an analgesic
activity of 30 % or more can be considered as potential
analgesics. Particular attention should be paid to the fact
that compound 1.10 exhibits not only a fairly high
analgesic but also anti-inflammatory effect.

Thus, the studies conducted indicate the presence
of the anti-inflammatory and analgesic activity of the
compounds synthesized on the models of carrageenan-
induced edema and visceral pain, respectively, in the
experiments in vivo.

4. Conclusions

A promising series of new biologically active
compounds 3-morpholyl -substituted 4-aryl-2-arylimino-
2.3-dihydrothiazole derivatives were synthesized by the
condensation reaction of N-(morpholin-4-yl)-N'-arylthi-
ourea with the corresponding o-bromoacetophenones in
ethanol during boiling of the reaction mixture in the form
of hydrobromides 1.1-1.8. The bases of 4-aryl-3-
(morpholin-4-yl)-2-arylimino-2.3-dihydrothiazole deriva-
tives 1.9-1.16 were obtained by neutralization of the
synthesized hydrobromides with 10% ammonium
hydroxide solution. It was found the formation of only one
of the two possible isomeric structures (1.14 and III) —
isomer 1.14 4-(4'-chlorophenyl)-3-(morpholin-4-yl)-2-4'-
chlorophenylamino)-2.3-dihydrothiazole in the Hantzsch
reaction. According to the results of pharmacological
screening, the synthesized compounds have analgesic and
anti-inflammatory effects. Compounds 1.2, 1.6, 1.8, 1.19,
1.10, and 1.15 have an analgesic effect, as evidenced by
the value of analgesic activity of 18.7-42 %. The anti-
exudative activity of compounds 1.1-1.16 is 16.5-35.2 %.
Compounds 4-(4-bromophenyl)-3-(morpholin-4-yl)-2-phe-
nylimino-2,3-dihydrothiazole 1.2 and 4-(4-methoxyphenyl)-
3-(morpholin-4-yl)-2-phenylimino-2,3-dihydrothiazole 1.10
showed the highest degree of analgesia and compound
1.10 also demonstrated the significant anti-inflammatory
activity.
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CHUHTE3 HOBHX 3-MOP®OJILI3AMIIIEHNX
MOXIJTHUX 4-APWJI-2-APHJIIMIHO-2,3-
JTUTTAPOTIA30JTY TA iXHS TPOTU3ANAJILHA
TA AHAJIBTETUYHA AKTUBHICTD

Anomauin. Hoei noxioui 4-apun-3-(mopgonin-4-in)-2-apu-
nimino-2,3-ouciopomiazony 1.1-1.16 6ynu cunmesosani 3a peaxyicio
Tanya uepes konoencayito N-(mopgponin-4-in)-N -apunmiocewosunu 3
8I0nogioHumMU  a-6pomayemocgheronamu 6 cnupmax. Cunme3o6ami
2iopobpomiou 1.1-1.8 ymeopunuce y ghopmi kpucmanivnux ocaoie npu
Kun aminti peaxyivinoi cymiwi. Ocnosu 1.9-1.16 ompumanu Hetim-
panizayieio 6i0nosionux 2iopodpomioie pozuunom NH,OH. 3anpo-
NOHOBAHO MOJNCTIUGULL MEXAHIZM PeaKyii Ha OCHOBI GugHeHHsl 6y008U
cunmesosanux cnonyk. Cmpykmypu CUHMe308aHux CHOTNYK Oyau
niomeepoxceni 'H SIMP-cnekmpockonicio, a makoxc memooamu
NOESY ma ROESY. Ilokazano ymeopenns izomepy 4-(4 -xnopghenin)-
3-(mopghonin-4-in)-2-(4 -xnopgheninamino)-2.3-ouciopomiazony  Ha
ocrosi cnonyku 1.14. @apmaxonoziunuii CKpUMiHe CUHME308aHUX NO-
XiOHux 4-apun-2-apunimino-2,3-0uciopomiazony euseus ixXwio aHaib-
cemuuHy Oil0 Ha MoOeni 8iCYepanbHo20 600, CHPUYUHEHO2O0
68e0eHHsIM oymogoi kuciomu 6inum muwiam. [Ipomusananehy Oiio
CUHME308AHUX CROLYK OYIHIOBA [N VIVO HA MOOEI Kapa2eHiH08020
HaOpsKy Kinyieku wypie. Takum yuHoM, CUHME308aHI CHOLYKU Npo-
AGAIONb AHATLLEMUYHY MA NPOMUZANATLHY OlFO.

Knrouoei cnosa: noxiowni 2,3-ouciopomiazony, peaxyis
Tanva; mopgonin; npomusananbHa aKMUSHICMb, AHATbZEMUYHA
AKMUGHICMb.



