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ABSTRACT

The study is devoted to the design and synthesis of new 2,5-disubstituted 1,3,4-thiadiazoles 3a-k as a prom-
ising multi-targeted pharmacological scaffold. Heterocyclization of acylated thiosemicarbazides 1a-i with
carbon disulfide lead to the intermediate 5-R-carbonylamino-1,3,4-thiadiazol-2-thioles 2a-i. Further S-al-
kylation of compounds 2a-i with chloroacetic acid amides and ethyl ester allowed to obtain the target 5-R-
carbonylamino-1,3,4-thiadiazol-2-yl-sulfanylacetic acid derivatives 3a-k. The developed method could be
used for producing of molecular diversity of disubstituted 5-amino-1,3,4-thiadiazol-2-thiols via variation
of substituents on both functional groups. Synthesized compounds are discussed as prospective anticonvul-
sants and antiproliferative agents.
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INTRODUCTION

Synthesis of small nitrogen containing hetero-
cycles are of a special interest nowadays because they
constitute an important class of natural and non-nat-

At the moment 1,3,4-thiadiazoles are the most
studied class among the other thiadiazole isomers
and their 2,5-disubstituted derivatives have been
widely discussed in terms of the interesting biologi-

ural products, many of which exhibit useful biologi-
cal activities. Thiadiazoles has attracted wide-spread
attention of medicinal chemists due to their chemi-
cal potential and high pharmacological efficacy and
low side effects.
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cal activities (1-6). In particular, such class as 5-ami-
no-1,3,4-thiadiazole-2-thiol derivatives are known as
antimicrobial (7), anticonvulsant (8-10), anti-depres-
sant (11), anti-anxiety ('?, anti-diabetic (13) agents.
The therapeutic importance of 1,3,4-thiadiazole ring
prompted us to design new molecules in which sub-
stituents could be arranged in a pharmacophore pat-
tern to display higher pharmacological activities.
That is why the purpose of the work was to obtain
new series of derivatives via combination of 1,3,4-thi-
adiazole, well-known heterocyclic pharmacophore,
with hydrophobic (hetero)aromatic rings and hydro-
gen bonding groups such as amide groups. In new
compounds the introduction of the secondary phar-
macophores such as halogens (Cl, Br, CF,), sulfon-
amide group, as well as another heterocycle (oxazole,
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furan, thiophene) may also contribute to the biologi-
cal activity via synergistic effects.

MATERIAL AND METHODS

Melting points were determined on a Kofler
bench. Elemental analysis has been done using
Carlo Erba elemental analyzer. '"H NMR spectra
were recorded on Bruker DRX-500 spectrometer at
500 MHz using DMSO-d, as solvent and TMS as an
internal standard. Infrared spectra were recorded
for all compounds using a Nicolet (Thermo Fisher)
Model 380 FTIR with an attenuated total reflectance
(ATR) sampling device Smart Performer with a
ZnSe crystal. The purity of synthesized compounds
was confirmed by TLC using the plates Sorbfil and
toluene—acetone—ethanol-ammonia (45:45:7:3) as
the eluent.

General procedure for the synthesis of 5-R-
carbonylamino-1,3,4-thiadiazol-2-thioles (2a-i).

60 ml of mother liquor (in which the reaction
had been carried out already five times) and 0.1 mole
of the corresponding acylated thiosemicarbazide
la-i were placed in apparatus equipped with stirrer,
dropper, reflux condenser and an escape for gas. 6.0
ml (0.1 mole) of carbon disulfide was dropped in
from a dropping container at 40°C during 4 hours.
Then reaction mixture was heated at vigorous reflux
for 1 hour (until vigorous gas development subsided).
The process was monitored by TLC until exhaustion
of the initial compounds. Reaction mixture is cooled
down and solid product is filtered off with suction.
All products 2a-i were used in the further synthetic
step without additional purification.

General procedure for the synthesis of
5-R-carbonylamino-1,3,4-thiadiazol-2-yl-
sulfanylacetic acid derivatives (3a-k).

0.01 Mole of 5-R-carbonylamino-1,3,4-
thiadiazol-2-thiole (2a-i), 0.01 mole of the
corresponding chloroacetic acid amide (or ethyl
ester), 0.84 g (0.015 mole) of potassium hydroxide in
50 ml of ethanol boil under the reflux for 1 hour. The
process was monitored by TLC until exhaustion of
the initial compounds. Reaction mixture is cooled
down and the solid product s filtered off with suction.
The product was purified by recrystallization from
ethanol.

The IUPAC names of the synthesized
compounds 3a-k together with the interpretation
of their IR and '"H NMR spectra, elemental analysis
data, the melting points and the individual yields
are presented below; the chemical structures are
presented in Fig. 2.

3-(2-Chlorophenyl)-N-[5-({2-[(4-fluorophenyl)
amino]-2-oxoethyl}sulfanyl)-1,3,4-thiadiazol-2-yl]-
5-methyl-1,2-oxazole-4-carboxamide (3a). The yield
is 76%. M.p. 182-184°C. R=0.31. C, H CIFN.O S,
Found, %: N 13.98, S 12.76. Calculated, N 13.90, S
12.73% . IR (neat), v, cm™: 3228 (N-H), 3076 (C-H
ar), 2928 (C-H alk), 1672 (I amide), 1535, 1507, 1406,
1315, 1212, 1058, 834. 'H NMR, §, ppm: 2.71 (s, 3H,
CH,), 4.21 (s, 2H, CH), 7.16 (t, J=8.82 Hz, 2H, H_),
7.48-7.63 (m, 6H, H_), 10.39 (s, 1H, NH), 12.93 (s, 1H,
NH).

3-(2-Chlorophenyl)-N-[5-({2-[(5-ethyl-1,3,4-
thiadiazol-2-yl)amino]-2-oxoethyl}sulfanyl)-1,3,4-
thiadiazol-2-yl]-5-methyl-1,2-oxazole-4-carboxamide
(3b). The yield is 80%. M.p. 250-252°C. R= 0.16.
C,H,CINOS, Found, %: N 1883, S 1845.
Calculated, N 18.78, S 18.43% . IR (neat), v, cm™: 3165
(N-H), 3030 (CH ar), 2907 (C-H alk), 1688 (I amide),
1564, 1324, 1061, 874, 758. 'H NMR, §, ppm: 115 (t,
J=7.38 Hz, 3H, CH,CH.), 2.70 (s, 3H, CH,), 3.84 (q,
J=7.38 Hz, 2H, CH,CH,), 4.24 (s, 2H, CH,), 7.17 (t,
J=8.80 Hz, 2H, H_), 7.53-7.61 (m, 2H, H_), 10.39 s,
1H, NH), 12.81 (s, 1H, NH).

2,5-Dichloro-N-[5-({2-[(5-ethyl-1,3,4-thiadiazol-
2-yl)amino]-2-oxoethyl}sulfanyl)-1,3,4-thiadiazol-2-
ylJbenzamide (3¢). The yield is 75%. M.p. 288-290°C.
R=0.30.C H, CLNO,S.. Found, %: N 17.75, § 20.19.
Calculated, N 17.68, S 20.23% . IR (neat), v, cm™: 3167
(N-H), 3028 (C-H ar), 2925 (C-H_,), 1682 (I amide),
1592, 1548, 1345, 1306, 1234, 1107, 966, 821. 'H
NMR, 6, ppm: 1.16 (t, ]=7.37 Hz, 3H, CH,CH,), 3.84
(g, J=7.36 Hz, 2H, CH,CH,), 4.25 (s, 2H, CH,), 7.62
(d,J=8.08 Hz, 1H, H_ ), 7.77 (dd, ]=8.08, 1.81 Hz, 1H,
H ), 8.10 (d, J=1.80 Hz, 1H, H_), 10.21 (s, 1H, NH),
13.02 (s, 1H, NH).

N-[5-({2-[(5-ethyl-1,3,4-thiadiazol-2-yl)amino]-
2-oxoethyl}sulfanyl)-1,3,4-thiadiazol-2-yl]-2-methyl-
3-nitrobenzamide (3d). The yield is 79%. M.p. 250°C
(with decomposition). R =0.46.C, H \N.O,S,. Found,
%: N 21.14, S 20.76. Calculated, N 21.06, S 20.66% . IR
(neat), v, cm™: 3252 (N-H), 3086 (C-H ar), 2914 (C-H
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alk), 1683 (I amide), 1555, 1526, 1311, 1184, 727. 'H
NMR, §, ppm: 1.15 (t, J=7.38 Hz, 3H, CHZCﬂ3), 2.43
(s, 3H, CH,), 3.84 (q, J=7.38 Hz, 2H, CH CH,), 4.25 (s,
2H, CH,), 760 (t, J=7.78 Hz, 1H, H_), 790 (d, ]=7.78
Hz, 1H, H_ ), 8.05 (d, J=7.78 Hz, 1H, H_), 10.75 (s, 1H,
NH), 13.05 (s, 1H, NH).

N-[5-({2-[(2,5-dimethylphenyl)amino]-2-
oxoethyljsulfanyl)-1,3,4-thiadiazol-2-yl]-2-methyl-
3-nitrobenzamide (3e). The yield is 76%. M.p. 190-
192°C. C,H N.O,S,. R=0.40. Found, %: N 15.39,
S 14.04. Calculated, N 15.31, S 14.02% . IR (neat), v,
cm™: 3365 (N-H), 3070 (C-H ar), 2923 (C-H alk),
1686 (I amide), 1559, 1530, 1323, 1180, 762. 'H NMR,
8, ppm: 2.17 (s, 3H, CH,), 2.25 (s, 3H, CH,), 2.43 (s,
3H, CH,), 4.25 (s, 2H, CH)), 6.92 (d, J=7.27 Hz, 1H,
H ), 7.10 (d, J=7.27 Hz, 1H, H_), 7.26 (s, 1H, H_ ), 7.59
(t, J=7.79 Hz, 1H, H_), 790 (d, ]=7.79 Hz, 1H, H_),
8.06 (d, J=7.79 Hz, 1H, Har), 9.66 (s, 1H, NH), 13.34
(br. s, 1H, NH).

Ethyl  ({5-[(5-bromo-2-chlorobenzoyl)amino]-
1,3,4-thiadiazol-2-yl}sulfanyl)acetate (3f). The yield
is 74%. M.p. 158-160°C. R =0.44. C_H, BrCIN,OS,.
Found, %: N 9.70, S 14.74. Calculated, N 9.62, S
14.68% . IR (neat), v, cm™: 3153 (N-H), 3060 (C-H
ar), 2928 (C-H alk), 2782, 1731 (C=0 ester), 1686 (I
amide), 1561, 1332, 1300, 1174, 1030, 815. 'H NMR, 6,
ppm: 1.21 (t, J=7.01 Hz, 3H, CH, CH.), 4.16 (q, J=6.92
Hz, 2H, CHZCH3), 4.21 (s, 2H, CHZ), 7.57 (d, J=8.40
Hz, 1H, H_), 7.78 (dd, J=8.40, 2.18 Hz, 1H, H_), 7.98
(d, J=2.18 Hz, 1H, H_), 13.32 (br. s, 1H, NH).

Ethyl 4-[2-({5-[4-(dimethylsulfamoyl)
benzamido]-1,3,4-thiadiazol-2-yl}sulfanyl)acetamido]
benzoate (3g). The yield is 77%. M.p. 260-262°C.
R=0.25. C_ H,N.O,S,. Found, %: N 12.80, S 17.56.
Calculated, N 12.74, S 17.50% . IR (neat), v, cm™: 3385
(N-H), 3036 (C-H ar), 2974 (C-H alk), 2919, 1702
(C=0 ester), 1691 (I amide), 1526, 1332, 1310, 1294,
1275, 1163, 1105, 700. 'H NMR, §, ppm: 1.32 (t, /]=7.05
Hz, 3H, CH,CH,), 2.60 - 2.74 (m, 6H, 2*CH,), 4.26
- 4.35 (m, 4H, 2*CH,), 7.74 (d, J=8.82 Hz, 2H, H ),
7.89-7.97 (m, 4H, H_), 8.32 (d, J=8.30 Hz, 2H, H ),
10.72 (s, 1H, NH), 13.41 (br. s, 1H, NH).

Ethyl 4-[2-({5-[2-(4-chlorophenoxy)acetamido]-
1,3,4-thiadiazol-2-yl}sulfanyl)acetamido]benzoate
(3h). The yield is 78%. M.p. 188-190°C. R=0.36.
C,H,CIN,OS,. Found, %: N 1112, S 12.69.
Calculated, N 11.05, S 12.65% . IR (neat), v, cm™:

3378 (N-H), 3085 (C-H ar), 2930 (C-H alk), 1705
(C=0 ester), 1692 (I amide), 1556, 1331, 1300, 1261,
1140, 1123, 814. '"H NMR, 9§, ppm: 1.31 (t, ]=7.04 Hz,
3H, CH,CH,), 4.21 (s, 2H, CH,), 4.25 - 4.34 (m, 4H,
2*CH,), 7.75 (d, J=8.78 Hz, 2H, H_), 7.79 (d, ]=7.50
Hz, 2H, H_),7.90-7.97 (m, 2H, H_ ), 8.28 (d, J=8.30
Hz,2H, H ), 10.34 (s, IH, NH), 13.40 (br. s, IH, NH).

N-{5-[(2-{[2-chloro-5-(trifluoromethyl)phenyl]
aminoj-2-oxoethyl)sulfanyl]-1,3,4-thiadiazol-2-yl}-
2-phenylacetamide (3i). The yield is 76%. M.p. 220-
222°C. R=0.75. C H CIFN,0,S. Found, %: N
11.54, S 13.22. Calculated, N 11.51, S 13.17. IR (neat),
v, cm™: 3248 (N-H), 3036 (C-H ar), 2928 (C-H alk),
1673 (I amide), 1694 (I amide), 1673, 1557, 1530, 1331,
1135, 1120, 1081, 823. '"H NMR, §, ppm: 4.35 (s, 2H,
CH,), 447 (s, 2H, CH,), 7.35-7.50 (m, 5H, H_), 7.58 (d,
J=7.80 Hz, 1H, H_), 7.78 (d, ]=7.80 Hz, 1H, H_ ), 8.23
(s, 1H, H_), 10.19 (s, 1H, NH), 13.12 (s, 1H, NH).

5-Bromo-N-{5-[(2-{[2-chloro-5-(trifluoromethyl)
phenyllamino}-2-oxoethyl)sulfanyl]-1,3,4-thiadiazol-
2-yl}furan-2-carboxamide (3j). The yield is 77%. M.p.
248-250°C. R=0.31. C HBrCIF,N,O,S,. Found,
%: N 10.41, S 11.90. Calculated, N 10.34, S 11.84. IR
(neat), v, cm™: 3252 (N-H), 3035 (C-H ar), 2928 (C-H
alk), 1699 (I amide), 1670 (I amide), 1524, 1334, 1306,
1124, 765. '"H NMR, 8, ppm: 4.35 (s, 2H, CH.), 7.57
(d, J=7.80 Hz, 1H, H), 7.72 (d, J=1.00 Hz, 1H, H_),
7.78 (d, J=7.80 Hz, 1H, H_), 8.06 (d, /=1.00 Hz, 1H,
H ), 8.23 (s, 1H, H,), 10.17 (s, 1H, NH), 13.13 (br. s.,
1H, NH).

N-{5-[(2-{[2-chloro-5-(trifluoromethyl)phenyl]
amino}-2-oxoethyl)sulfanyl]-1,3,4-thiadiazol-2-yl}
thiophene-2-carboxamide (3k). The yield is 79%.
M.p. 220-222°C. R=0.35. C H CIF\N,O,S.. Found,
%: N 11.75, § 20.13. Calculated, N 11.70, § 20.09% . IR
(neat), v, cm™: 3265 (N-H), 3204 (N-H), 3042 (C-H
ar), 2922 (C-H alk), 1671 (I amide), 1648 (I amide),
1530, 1332, 1304, 1263, 1173, 1113, 853, 719. 'H NMR,
8, ppm: 4.36 (s, 2H, CH.,), 7.29 (t, J=4.15 Hz, 1H, H_),
7.58 (d, J=8.30 Hz, 1H, H_), 7.78 (d, J=8.30 Hz, 1H,
H ), 8.03 (d, J=3.63 Hz, 1H, H.), 8.23 (s, 1H, H ),
8.30 (d, J=3.63 Hz, 1H, H_ ), 10.20 (s, 1H, NH), 13.25
(br. s., 1H, NH).

RESULTS AND DISCUSSION

A series of 5-R-carbonylamino-1,3,4-
thiadiazol-2-thioles (2a-i) has been obtained by
reaction of thiosemicarbazides la-i with carbon
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disulfide in aqueous solution that contains 1570%
of an ammonium salt of the corresponding bis-
2,5-dimercapto-1,3,4-thiadiazole (mother liquor of
previous reactions) (Fig. 1). Reaction was carried out
under reflux for 5 hours, and, as a result, the semi-
products 2a-i were obtained in high yields (80-85%).

of thiadiazole ring. The singlet of amide group
introduces at the last step appeared from 12.81 ppm
to 13.43 ppm. Signal of proton of mercapto group
around 13.2 ppm is not shown in the products 3ak,
that proves S-alkylation. The methylene group
chemical shifts range from 4.21 ppm to 4.35 ppm.

H H
NONLO L
H,N \n/ \f Cs,
S R
la-i

=N
g
Cl
CH,

B ¢ g)
USRS

) d)
CH,
cl

h)

N—N
" ANt
HS q NH—{
R

2a-i
Br )] o o0

S\I;I,CH3
CH,

1)

s

3

Fig. 1. General scheme of synthesis of 5-R-carbonylamino-1,3,4-thiadiazol-2-thioles 2a-i.

It is known that alkylation of mercapto group
of 1,3,4-thiadiazoles with various reagents is carried
out in DMF/K CO, [14], EtOH/KOH [15,16], EtOH/
CH,COONa, THF/NaOH (1), DMF/KOH (17), DMF/
NaH (18), EtOH/Et,N [19]. In our case the reaction of
5-R-amino-2-mercapto-1,3,4-thiadiazoles (2a-i) with
ethyl ester and different amides of chloroacetic acid
was successfully performed in ethanol solution in the
presence of potassium hydroxide (Fig. 2).

The synthesized compounds 3a-k are white
crystalline substances that are soluble in ethanol,
DMEF and insoluble in water. The structure
assignment of these compounds was established by
elemental analysis, '"H NMR and IR spectroscopy
data.

In 'H NMR spectra of the target compounds
peaks between 10.17 ppm to 10.75 ppm correspond
to the protons of amide group on C-2 position

Signals of (hetero)aromatic and aliphatic substituents
(R, and R)) are in accordance with the structures of
the obtained compounds.

In IR spectra of the products 3a-k weak N-H
band in the 3385-3135 cm, alkyl CH stretching band
in the 2928-2921 cm™, aromatic C-H stretching band
in the 3060-3035 cm™ are observed. The strong band
recorded at 1698-1648 cm™ belongs to the carbonyl
in the amide moiety of the side chain (amide I). The
spectra of the compounds 3f, 3g, 3h contain the
strong band in the 1731-1702 cm™ which proves the
CO double bond of their ester groups. In spectra
of the compounds 3i-k the strong N-H bands are
presented that might be due to the Hbond formation
between chlorine atom and NH group.

To predict spectrum of biological activities for
new compounds the computer program PASS was
used (20). The biological activities with probability
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Fig. 2. General scheme of synthesis of 5-R-carbonylamino-1,3,4-thiadiazol-2-yl-sulfanylacetic acid derivatives 3a-k.

Table 1. Data of PASS prediction for compounds 3a-k.

‘ Activity predicted ‘
Trfznscrip - Trg nscrip- Cytidine de- Transcrip- ; Cl—trqns—
Compound tion fac- tion fac- aminase MCH, tion factor ,Cal.p(,lm porting
tor STAT3 tor STAT ey antagonist i inhibitor ATPase
inhibitor inhibitor ey oy inhibitor
3a 0.862 0.889 - - 0.632 - -
3b 0.603 0.598 - - - - -
3c 0.791 0.754 0.511 0.745 0.547 - 0.586
3d 0.785 0.740 0.581 0.788 0.574 0.555 -
3e 0.837 0.815 0.720 0.695 0.599 0.583 -
3f 0.707 0.657 - - - - 0.541
3g 0.888 0.894 0.716 - 0.690 0.577 -
3h 0.576 0.555 - 0.606 - - 0.575
3i 0.715 0.730 - - 0.639 - -
3j - - 0.546 - 0.635 - 0.521
3k 0.877 0.898 0.586 0.573 0.789 - -
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valuesare enlisted in Table 1. It could be seen that most
of the predicted inhibitory properties are associated
with antiproliferative activity (*»??. For example,
signal transducers and activators of transcription
(STAT) inhibitors are widely discussed as important
agents for cancer therapy (23). Abnormal activation
of STAT signaling pathways is also implicated in
inflammation, neurodegenerative diseases and auto-
immunity (>4, *. These data give us the reason to
plan our further pharmacological investigation of the
synthesized compounds 3a-k as anti-cancer agents.

Resent investigations proved that
1,3,4-thiadiazoles possessed potent anticonvulsant
activity in wide range preclinical in vitro and in vivo
models (*%. Thus, the reviewed literature data about
2-amino-5-mercapto-1,3,4-thiadiazole derivatives as
anticonvulsant agents as well as results of our previous
studies (*” allow us to anticipate their anticonvulsant
properties that are tested at the moment.

CONCLUSION

New scaffold which represented by 2-amino-
5-mercapto-1,3,4-thiadiazole basic structure
bearing various substituents on both amino and
mercapto groups has been proposed for perspective
biologically active compounds. The effective
method of their obtaining was developed via two-
steps procedure that includes heterocyclization of
acylated thiosemicarbazides with carbon disulfide
and further alkylation of the intermediate 5-R-
amino-1,3,4-thiadiazole-2-thioles. It opens the way
to libraries of such derivatives through variation
of alkylating reagents. The structures of the
synthesized compounds were proved by elemental
analysis, 'H NMR and IR spectroscopy; their purity
was determined by TLC. New 5-R-carbonylamino-
1,3,4-thiadiazol-2-yl-sulfanylacetic acid derivatives
are proposed as promising anticonvulsant and anti-
cancer agents.

REFERENCES

1. HuY, Li CY, Wang XM, Yang YH, Zhu HL.
1,3,4-Thiadiazole: synthesis, reactions, and
applications in medicinal, agricultural, and
materials chemistry. Chem Rev. 2014;114(10):
5572-610.

2. Dogan HN, Duran A, Rollas S, Sener G, Uysal
MK, Giilen D. Synthesis of new 2,5-disubstituted-
1,3,4-thiadiazoles and preliminary evaluation of

10.

11.

12.

anticonvulsant and antimicrobial activities. Bioorg
Med Chem. 2002;10(9):2893-8.

Rajak H, Behera CK., Pawar RS, Singour PK.,
Kharya MD. A novel series of 2,5-disubstituted
1,3,4-thiadiazoles as potential anticonvulsant
agent. Chinese Chem Lett. 2010;21(10):1149-52.

Masi HH, Gajjar AK, Savjani JK, Masi IA.
Synthesis and anticonvulsant activity of novel
2,5-disubstituted 1,3,4-thiadiazole derivatives. Int |
PharmTech Res. 2011; 3(4):2017-24.

Wei MX, Feng L, Li XQ, Zhou XZ, Shao ZH.
Synthesis of new chiral 2,5-disubstituted
1,3,4-thiadiazoles possessing y-butenolide moiety
and preliminary evaluation of in vitro anticancer
activity. Eur ] Med Chem. 2009;44(8):3340—4.

Barbuceanu SF, Saramet G, Almajan GL,

Draghici C, Barbuceanu F, Bancescu G. New
heterocyclic compounds from 1,2,4-triazole and
1,3,4-thiadiazole class bearing diphenylsulfone
moieties. Synthesis, characterization and
antimicrobial activity evaluation. Eur ] Med Chem.
2012;49:417-23.

Ameen HA, Qasir AJ. Synthesis and preliminary
antimicrobial study of 2-amino-5-mercapto-
1,3,4-thiadiazole derivatives. Iraqi ] Pharm Sci.
2012;21(1):98-104.

Sharma R, Misra GP, Sainy J, Chaturvedi SC.
Synthesis and biological evaluation of 2-amino-
5-sulfanyl-1,3,4-thiadiazole derivatives as
antidepressant, anxiolytics and anticonvulsant
agents. Med Chem Res. 2011;20(2):245-53.

Yusuf M, Khan RA, Khan M, Ahmed B. An
interactive human carbonic anhydrase-II (hCA-

II) receptor--pharmacophore molecular model

& anti-convulsant activity of the designed and
synthesized 5-amino-1,3,4-thiadiazole-2-thiol
conjugated imine derivatives. Chem Biol Drug Des.
2013;81(5):666-73.

Harish KP, Mohana KN, Mallesha L. Synthesis of
new 2,5-disubstituted-1,3,4-thiadiazole derivatives
and theirs in vivo anticonvulsant activity. Bioorg
Khim. 2014;40(1):108-16.

Yusuf M, Khan RA, Ahmed B. Syntheses and anti-
depressant activity of 5-amino-1,3,4-thiadiazole-

2-thiol imines and thiobenzyl derivatives. Bioorg
Med Chem. 2008;17:8029-34.

Can OD, Altintop MD, Ozkay UD, Ucel UI,
Dogruer B, Kaplancikli ZA. Synthesis of
thiadiazole derivatives bearing hydrazone moieties

52

Scripta Scientifica Pharmaceutica, vol. 2, No. 2, 2015, pp.
Copyright © Medical University of Varna



Igor Sych, Lina Perekhoda, Tetiana Tsapko

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24,

and evaluation of their pharmacological effects on
anxiety, depression, and nociception parameters in
mice. Arch Pharm Res. 2012;35(4):659-69.

Datar PA, Deokule TA. Development of thiadiazole
as an antidiabetic agent — a review. Mini Rev Med
Chem. 2014;14(2):136-53.

Rezki N, Al-Yahyawi AM, Bardaweel SK, Al-
Blewi FF, Aouad MR. Synthesis of novel
2,5-disubstituted-1,3,4-thiadiazoles clubbed
1,2,4-triazole, 1,3,4-thiadiazole, 1,3,4-oxadiazole
and/or schiff base as potential antimicrobial
and antiproliferative agents. Molecules.
2015;20(9):16048-67.

Alwan SM. Synthesis and preliminary
antimicrobial activities of new arylideneamino-
1,3,4-thiadiazole-(thio/dithio)-acetamido
cephalosporanic acids. Molecules.
2012;17(1):1025-38.

Mistry JK, Dawes R, Choudhury A, Van De Mark
MR. 5-Mercapto-1,3,4-thiadiazole-2(3H)-thione:
synthesis and structure of alkylated derivatives. |
Heterocyclic Chem. 2014;51(3):747-54.

Shaker R.M. The chemistry of mercapto- and
thione-substituted 1,2,4-triazoles and their utility
in heterocyclic synthesis. Arkivoc. 2006;9:59-112.

Semenov VE, Krylova ES, Galyametdinova IV,
Chernova AV, Kharlamov SV, Latypov SK, et al.
Synthesis and reactivity of acyclic and macrocyclic
uracils bridged with five-membered heterocycles.
Tetrahedron. 2011;67(38):7370-8.

Cho NS, Hong SI, Suh IH, Kang SK. Crystal
structures of macrocyclic compounds containing
two 5-mercapto-3H-1,3,4-thiadiazolin-2-one

groups. Bull Korean Chem Soc. 2009;30(10):2425-8.

Available from: www.pharmaexpert.ru/passonline.

Carragher NO. Calpain inhibition: a therapeutic
strategy targeting multiple disease states. Curr
Pharm Des. 2006;12(5):615-38.

Rebhandl S, Huemer M, Greil R, Geisberger
R. AID/APOBEC deaminases and cancer.
Oncoscience. 2015;2(4):320-33.

Yue P, Turkson J. Targeting STAT3 in cancer: how
successful are we? Expert Opin Investig Drugs.
2009;18(1):45-56.

Yu H, Pardoll D, Jove R. STATs in cancer
inflammation and immunity: a leading role for
STAT?3. Nat Rev Cancer. 2009;9(11):798-809.

25.

26.

27.

Ebner FH, Mariotto S, Darra E, Suzuki H, Cavalieri
E. Use of STAT1 inhibitors in the treatment of
brain I/R injury and neurodegenerative diseases.
Cent Nerv Syst Agents Med Chem. 2011;11(1):2-7.

Raj V, Rai A, Singh M, Kumar A, Kumar V, Sharma
SK. Recent update on 1,3,4-thiadiazole derivatives:
as anticonvulsant agents. EC Pharmaceutical
Science. 2015;2(1):202-29.

Perekhoda LO, Georgiyants VA, Taran AV.
Synthesis and anticonvulsive properties of anilides
5-R-phenylamino-1,3,4-thiadiazol-2-yl-thioacetic
acid. ] Org Pharm Chem. 2012;10(4):50-53. [IIe-
pexopa JIO, Teoprisinn BA, Tapan AB. Cunres Ta
IPOTUCYOMHI BIACTUBOCTI aHinmifiB 5-R-deHina-
MiHO-1,3,4-Tiagmia3051-2-i-TioaleTaTHOI KMCIOTI.
JKO®X. 2012;10(4):50-53]. Ukrainian.

Scripta Scientifica Pharmaceutica, vol. 2, No. 2, 2015, pp.
Copyright © Medical University of Varna

53



