
 Abstract.The chemical features of 1,3,4-thiadiazoles were described in a numer-
ous reviews focusing on the main approaches to the synthesis and modification. Simulta-
neously, thiadiazole scaffold was identified as the main structural component of approved 
drugs and biological agents with antimicrobial, antiviral, antitubercular, anti-inflammato-
ry, anticonvulsant and analgetic activity. The significant biological activity of thiadiazole 
derivates promotes the scientists to further investigation of this heterocycle as a building 
block for medicinal chemistry. In this review, we discuss the efforts to identify new 
promising compounds based on aryl/heteryl substituted non-condensed thiadiazoles 
highliting the main approaches for the conjugation (hybridization) of heterocycles, deri-
vatization and their pharmacological profile.
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Introduction
 1,3,4-Thiadiazole is one of the most 
promising building blocks in heterocyclic chem-
istry, which is an integral construction motif of 
many biological compounds and therapeutic 
agents. Thiadiazole core plays vital roles in 
many drug structures. Thus, thiadiazole-contain-
ing antibiotics Cefazedone and Cefazolin sodium 
belong to the first generation semi-synthetic 

cephalosporins [1]. The thiadiazole substituted 
sulfonamides Lucosir and Globucid are 
approved as antimicrobial drugs [1]. Two thiadi-
azole based diuretics Acetazolamide and Metha-
zolamide acting through inhibition of carbonic 
anhydrase [2]. 2-Amino-1,3,4-thiadiazole deri-
vate with 5-nitroimidazole fragment Megazol 
was used as antimicrobial and trypanocidal agent 
[3]. (Fig. 1).

 1,3,4-Thiadiazoles have been reported to 
display broad spectrum of versatile biological 
and pharmacological properties. Among thiadi-
azole derivatives some hit compounds with 
antidiabetic [4], antioxidant [5], antidepressant 
[6] and anticonvulsant [7] activity were identi-
fied. The group of benzothiazol substituted 
thiadiazoles was discovered as potential human 
protoporphyrinogen oxidase inhibitors [8]. An 
affinity of imidazo[1,2-a]pyrimidines with oxa- 

and thiadiazole fragments to the benzodiazepine 
receptors was investigated [9]. The thiadiazole 
derivates are known as potent and selective 
human adenosine A3 receptor antagonists [10], 
inhibitors of telomerase [11] and HDAC (histone 
deacetylase) [12] as potentinal antitumor agents, 
and inhibitors of cAMP-specific phosphodiester-
ase PDE7 [13], urease [14], α-glucosidase [15] 
and biosystem COX-2/5-LOX [16], etc.

Figure 1. The pharmacological potential of 1,3,4-thiadiazole derivatives.
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Synthesis and transformation of non-con-
densed heterocyclic systems based on 
1,3,4-thiadiazole scaffold.
 The classic approach for synthesis of 
5-substituted 2-amino-1,3,4-thiadiazoles 1 was 
realized by an oxidative cyclization of 5-nitro-
heteryl carboxaldehydes thiosemicarbazones 
(Scheme 1). 2-Amino-1,3,4-thiadiazoles 1 under 
the action of sodium nitrite in the presence of 
copper powder yielded 2-chloro-1,3,4-thiadi-
azoles 2, which were transformed to 2-mer-
caproderivates 3 by interacting with thiourea in 

ethanol medium. Compounds 3 were modificat-
ed via S-alkylation reaction with the formation 
of esters of 3-(1,3,4-thiadiazole-2-ylsulfanyl)-
propionic acids 4 [17]. Synthesized compounds 
were screened for antituberculosis activity 
against Mycobacterium tuberculosis H37Rv 
using BACTEC 460 radiometric system. The 
results of pharmacological investigation allowed 
to identify a hit compound ‒ propyl 3-[5-(5-ni-
trothiophen-2-yl)-1,3,4-thiadiazol-2-ylthio]pro-
pionate with a 1.56 μg/ml MIC value.

 2-Amino-5-mercapto-1,3,4-thiadiazole 5 
was prepared as result of reaction between 
thiosemicarbazide and carbon disulfide in alka-
line medium. Compound 5 was converted to the 
carbamate derivative 6 by interaction with ethyl-
chloroformate in pyridine. The synthesis of 
4-substituted semicarbaside 7 was achieved by 
stirring the carbamate derivative 6 with a large 
excess of hydrazine hydrate (80%) for 48 h at 

room temperature. Compounds 7 were used as 
key intermediates in reaction with the isatin 
derivatives for synthesis of isatinylidensemicar-
bazones 8 according to the Scheme 2. Among 
the obtained compounds 4-(5-mercap-
to-1,3,4-thidiazole-2-yl)- was identified as first 
non-sulfonamide type inhibitor of the tumor-as-
sociated hCA (human carbonic anhydrase) IX 
with KI value of 1.25 μM [18].

Scheme 1. Synthesis of 5-substituted 2-amino-1,3,4-thiadiazoles by an oxidative cyclization of 5-ni-
troheteryl carboxaldehydes thiosemicarbazones and their futher modification.

Scheme 2. Synthesis of 1,3,4-thiadiazole substituted 1-(2-oxoindolin-3-ylidene)semicarbazides.
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 In order to discover the potential antimy-
cobacterial agents K. Gobis et al. synthesized a 
small library of 2-pyrazine(pyridine) substituted 
5-methylsulfanyl-1,3,4-thiadiazoles 9 by reflux-
ing N-hydroxyimidoyl chlorides with two equiv-
alents of methyl dithiocarbazinate in ethanol 
medium. Subsequent oxidation of sulfides 9 with 
excess of 30% hydrogen peroxide and glacial 
acetic acid yielded the sulfoxides 10. In addition, 
the synthesis of 2-heteryl substituted 5-(piperaz-

in-1-yl)-1,3,4-thiadiazoles 11 was carried out by 
interaction of starting N-hydroxyimidoyl chlo-
rides and 4-(piperazin-1-yl)thiocarbonylhydra-
zides in refluxing DMF (Scheme 3). The synthe-
sized compounds were examined for their tuber-
culostatic activity towards the Mycobacterium 
tuberculosis H37Rv strain and exhibited low 
antituberculosis activity [19] (MIC = 50-100 
µg/ml).

 The interaction between N-hydroxyimi-
doyl chloride and methyldithiocarbazinate can 
be proceed by different mechanisms. Com-

pounds 9, were formed by the thermal 1,3-dipo-
lar cycloaddition, as typical mechanism for 
hydroxamoyl chlorides [19] (Scheme 4).

Scheme 3. Synthesis of 2-pyrazine(pyridine)amino substituted 1,3,4-thiadiazoles by interaction of 
appropriate N-hydroxyimidoyl chlorides with methyl dithiocarbazinate or 4-(piperazin-1-yl)thiocar-
bonylhydrazides.

Scheme 4. Mechanism of interaction between methyl dithiocarbazinate and N-hydroxyimidoyl chlo-
rides follow the thermal 1,3-dipolar cycloaddition type.
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 However, according to other literature 
sources [20], 2-heteryl-5-methylsulfa-
nyl-1,3,4-thiadiazoles 12 may be formed as a 

second product, which is a result of a simple 
substitution reaction followed by hydroxylamine 
elimination (Scheme 5).

 Based on the cyclization of N2-meth-
yl-N3-acetyl(benzoyl)dithiocarbazates 13 with 
acetic anhydride and perchloric acid and in ether 
at 0oC, P. Molina et al. [21] synthesized 2-meth-
yl(benzyl)sulfanyl-3-methyl-1,3,4-thiadiazoli-
um perchlorates 14. In addition, compounds 13 

undergo base-catalyzed cyclization yielding 
5-substituted 2-thioxo-3-methyl-2,3-dihydro 
-1,3,4 - oxadiazoles 15. Further modification of 
15 with trimethyloxonium tetrafluoroborate 
resulted in 3- methyl- 2- methylsulfanyl -1,3,4- 
oxadiazolium cations 16 (Scheme 6).

 The cyclization of 1,4-dicarbonyl com-
pounds with sulfurizing agents is a common 
method for the preparation of five-membered 
sulfur-containing heterocycles. However, 
2-(4-bromophenyl)-5-tridecyl-1,3,4-thiadiazole 

18 was obtained using this procedure in high 
yield under microwave irradiation conditions 
starting from N-tetradecanoylhydrazide of 
4-bromobenzoic acid 17 and Lawesson's reagent 
[22] as it is depicted on Scheme 7.

Scheme 5. Alternative pathway of interaction between methyl dithiocarbazinate and N-hydroxyimi-
doyl chlorides with formation of 2-heteryl-5-methylsulfanyl-1,3,4-thiadiazoles followed by hydroxyl-
amine elimination.

Scheme 6. Synthesis of 2-methyl(benzyl)sulfanyl-3-methyl-1,3,4-thiadiazolium salts by cyclization of 
N2-methyl-N3-acetyl(benzoyl)dithiocarbazates.
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 A group of novel 2,5-dithiophen substi-
tuted 1,3,4-thiadiazoles 20 (Scheme 8) as poten-
tial photo-activated insecticides was obtained by 

cyclization of symmetric dihydrazides 19 with 
phosphorus pentasulphide in pyridine medium 
[23].

 A series of 5-(3-indolyl)-2-substituted 
1,3,4-thiadiazoles 22 were synthesized and their 
cytotoxicity was studied on six lines of human 
cancer cells [24]. The interaction of 
indole-3-carboxylic acid with aryl or heteryl 
hydrazides yielded N,N′-diacylhydrazines 21, as 

precursors for synthesis of indolyl-1,3,4-thiadi-
azoles 22 according to the Scheme 9. The antitu-
mor hit compound with 4-benzyloxy-3-me-
thoxyphenyl and 5-bromo indolyl was identified 
(IC50 = 1.5 μM, PaCa2).

Scheme 7. Synthesis of 2-(4-bromophenyl)-5-tridecyl-1,3,4-thiadiazole based on cyclization of 
4-bromobenzoic acid N-tetradecanoylhydrazide under the action of Lawesson's reagent.

Scheme 8. Synthesis of 2,5-dithiophen substituted 1,3,4-thiadiazoles by cyclization of symmetric 
dihydrazides under the action of phosphorus pentasulphide.

Scheme 9. Synthesis of 5-(3-indolyl)-2-substituted 1,3,4-thiadiazoles following the cyclization of 
appropriate N,N′-diacylhydrazines upon treatment with Lawesson's reagent.
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 A group of 2-alkyl/arylamino-5-(2′,4′-di-
f l u o r o - 4 - h y d r o x y b i p h e -
nyl-5-yl)-1,3,4-thiadiazoles 24 was obtained by 
the cyclization of N1-acylated thiosemicar-
basides 23 with concentrated sulfuric acid 
(Scheme 10). According to the results of phar-
macological screenings, one of the synthesized 
compounds showed a significant antibacterial 

activity against Escherichia coli A1 and Strepto-
coccus pyogenes ATCC-176 at a concentration 
of 31.25 μg/ml, whereas cefepime, the drug used 
as standard, has been found less active against 
the bacteria mentioned above. The highest 
antiviral activity was found for the 1,3,4-thiadi-
azole derivative with a methyl group at 2nd posi-
tion against Sindbis virus at 9.6 μg/ml [25].

 Substituted hydrazides of 2-(2-arylben-
zimidazole-1-yl)acetic acids have been utilized 
in analogous transformations with methyliso-
thiocyanate in absolute ethanol yielding N1-acy-
lated 4-methylthiosemicarbazides 25. The 
cyclization of 25 with sulfuric acid resulted in 
the formation of 2-methylamino-5-(2-arylben-
zimidazole-3-methyl)-1,3,4-thiadiazoles 26 as it 
is depicted on Scheme 11. Moreover, 4-meth-

yl-1,2,4-triazole-3-thiol derivatives with 2-aryl-
benzimidazole fragment 27 were formed by 
alkaline cyclization through dehydration of com-
pounds 25 using aqueous solution of sodium 
hydroxide. The most active compound was iden-
tified among thiadiazole derivative with inhibi-
tory effect on lipid peroxidation (28%) at 10-3 M 
concentration [26].

Scheme 10. Synthesis of 2-alkyl/arylamino-5-(2′,4′-difluoro-4-hydroxybiphenyl-5-yl) -1,3,4- thiadi-
azoles by the cyclization of N1-acylated thiosemicarbasides based on diflunisal hydrazide.

Scheme 11. Synthesis of 2-methylamino-1,3,4-thiadiazoles and 4-methyl-1,2,4-triazole-3-thiols with 
2-arylbenzimidazole fragment followed by cyclization of corresponding N1-acylated 4-methylth-
iosemicarbazides under the action of sulfuric acid.
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 Based on the condensation reaction of 
3-chlorobenzo[b]thiophene-2-carboxylic acid 
with thiosemicarbazide in the phosphorus 
oxochloride medium 2-amino-1,3,4-thiadiazole 
28 with benzothiophene fragment was obtained. 
Reaction of 28 with phenyl isocyanate or phenyl 

isothiocyanate afforded the N-thiadiazole substi-
tuted thiourea 29 or urea 30 derivatives, respec-
tively, which were cyclized with malonic acid in 
acetyl chloride to form thiadiazole substituted 
barbituric 31 and thiobarbituric 32 acids [27] 
(Scheme 12).

 The reaction of 2-amino-5-(3-chloroben-
zo[b]thiophen-2-yl)-1,3,4-thiadiazole 28 with 
carbon disulfide and methyl iodide in DMF 
resulted in formation of 1,3,4-thiadiazole-2-dith-
iocarbamidate 33. Compound 33 underwent the 

modification with binucleophilic reagents, 
ethylenediamine or o-phenylenediamine, 
producing 1,3,4-thiadiazole derivatives with 
imidazoline 34 and benzimidazole 35 fragments 
in molecules [27] according to the Scheme 13.

 In addition, the condensation of 
benzo[b]thiophene substituted aminothiadiazole 
Schiff bases 36 with thioglycolic acid in ethanol 

medium yielded a group of 5-unsubstituted 2-ar-
ylthiazolidine-4-ones 37 (Scheme 14). The 
antimicrobial activities of the synthesized 

Scheme 12. Synthesis of thiadiazole substituted barbituric and thiobarbituric acids derivatives based 
on interaction of N-thiadiazole substituted thioureas or ureas with malonic acid in acetyl chloride.

Scheme 13. Synthesis of imidazoline and benzimidazole substituted 1,3,4-thiadiazole derivatives 
under the cyclization of 1,3,4-thiadiazole-2-dithiocarbamidate with binucleophilic reagents.
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compounds were determined in vitro using hole 
plate and filter paper disc method against Bacil-
lus cereus, Escherichia coli, Aspergillus niger 

and Penicillium notatum. Tested compounds 
exhibited moderate properties with a MIC values 
of 125-250 μg/ml [27].

 The synthesis of new peptidomimetics 
40 (Scheme 15) as potential inhibitors of 
APN/CD13 (aminopeptidase N) was carried out 
by conjugation of 2-amino-5-aryl-1,3,4-thiadi-
azoles 38 with N-cinnamoyl-D-alanine deriva-

tives 39 in the presence of DCC (N,N-dicyclo-
hexylcarbodiimide) and N-hydroxysuccinimide 
in dioxane medium at room temperature with 
stirring overnight [28].

 Based on the cyclization of thiosemicar-
bazide with formic acid 5-nonsubstituted 2-ami-
no-1,3,4-thiadiazole 41 was obtained and 
converted to indazole substituted piperazi-
no-thiadiazole 44 through three-stage conver-

sion with bromine, mono-BOC piperazine (mo-
no-butyloxycarbonyl piperazine) and 1-meth-
yl-1H-indazole-3-carboxylic acid. Compound 
44 was modified via hydrolysis and acylation 
reactions forming the polycyclic derivatives 

Scheme 14. Synthesis of 5-unsubstituted 2-arylthiazolidine-4-ones based on condensation of 
benzo[b]thiophene containing Schiff bases with thioglycolic acid in ethanol medium.

Scheme 15. Synthesis of 2-amino-5-aryl-1,3,4-thiadiazole derivatives with N-cinnamoyl-D-alanine 
moiety as potential aminopeptidase N inhibitors.
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46 with 1,3,4-thiadiazole, indazole and pipera-
zine fragments as it is depicted on Scheme 16. 
The anticonvulsant activity of the obtained com-
pounds was evaluated by MES (maximal elec-
troshock Seizure) model at the dose of 100 

mg/kg on Wistar male rats. The received results 
allowed to identify two high-active compounds 
with significant protective effect, which was 
comparable to that of standard (phenytoin) [29].

 Non-condensed 1,3,4-thiadiazole deriva-
tives with 2-iminopyrrole-5-thione 48 and 
2,3-dihydropyrazole-5-one 49 fragments were 
synthesized by reaction between 2-cyanometh-
yl-5-benzoylamino-1,3,4-thiadiazole 47 and 
cyanothioformanilide or 5-nitrosoantipyrine in 
ethanol medium and the presence of piperidine 
(Scheme 17). Based on the results of the biologi-

cal activity evaluation, compound 49 showed a 
significant antimicrobial activity against 
gram-positive bacteria Bacillus Cereus and an 
antifungal effect on Aspergillus Flavus and 
Aspergillus Niger and had no effect on the 
growth of gram-negative bacteria Escherichia 
coli [30].

Scheme 16. Synthesis of indazole substituted piperazino-thiadiazoles through three-stage conversion 
of 2-amino-1,3,4-thiadiazole with bromine, mono-BOC piperazine and 1-methyl-1H-indazole-3-car-
boxylic acid in the presence of TBTU and TEA.

Scheme 17. Synthesis of non-condensed 1,3,4-thiadiazole derivatives with 2-iminopyrrole-5-thione 
and 2,3-dihydropyrazole-5-one fragments by reacting 2-cyanomethyl-5-benzoylamino-1,3,4-thiadi-
azole with cyanothioformanilide or 5-nitrosoantipyrine at the presence of piperidine.
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 Synthesis of thiadiazol-thiazolinone 
conjugate 50 was proposed by A.A. Elagamey et 
al. via reaction of 2-cyanomethyl-5-benzoylami-
no-1,3,4-thiadiazole 47 with thioglycolic acid in 
pyridine medium. An interaction of compound 
50 with arylidenemalononitriles by refluxing in 
dry pyridine yielded 1,3,4-thiadiazole substitut-
ed 5-amino-7H-pyrano[2,3-d]thiazoles 51. The 
heterocyclization of 50 with ethyl esters 2-cya-

no-3-arylacrylic acids resulted in formation of 
5H-pyrano[2,3-d]thiazole-5-one derivatives 52 
in contrast to expected 5-amino derivatives 
(Scheme 18). Some of the synthesized com-
pounds have been shown an inhibitory effect on 
the growth of Aspergillus Flavus and Aspergillus 
Niger (51, Ar = 4-OH-C6H4) and gram-positive 
microorganisms Bacillus Cereus (51, Ar = 
4-Br-C6H4; 52, Ar = 4-OH-C6H4) [30].

 The synthesis of bicyclic non-condensed 
derivatives with 1,3,4-thiadiazole and 2-amino-
pyridine moieties in molecules 53 was 
performed via three-component reaction 
between 2-cyanomethyl-5-benzoylamino-1,3,4- 
thiadiazole 47, 2-amino-1,1,3-tricyanopropene 
or diethyl ester 2-amino-1-cyanopropene-1,3-di-
carboxylic acid and formaldehyde [30]. An 

interaction between compound 47 and isatin in 
the presence of a catalytic amount of piperidine 
yielded the intermediate 54a. Compound 54a 
underwent the spontaneous heterocyclylization 
to form 5-benzoylamino-1,3,4-thiadiazole 54 
with 2-iminofuro[2,3-b]indole substituent in 
2-position according to the Scheme 19.

Scheme 18. Synthesis of 2-(1,3,4-thiadiazol-2-yl)methylenethiazoline-4-one and its conversion into 
1,3,4-thiadiazole substituted 5(7)H-pyrano[2,3-d]thiazole-5-one derivatives.

Scheme 19. Synthesis of non-condensed 5-benzoylamino-1,3,4-thiadiazole derivatives with 2-amino-
pyridine and 2-iminofuro[2,3-b]indole moieties.
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 Synthesis of 2-(3-amino-2,3-dihydropyr-
idazine-4-yl) substituted 1,3,4-thiadiazoles 55 
and 56 was achieved based on the reaction of 
compound 47 with arylhydrazone derivatives of 
malononitrile and acetylacetone, respectively 
[30]. Structural analogs 1-aryl-6-imino-1,6-di-

hydropyridazines 58 were obtained by an alter-
native two-step method involving the interaction 
of 47 with aryldiazonium salts and further 
heterocyclicization of arylhydrazones 57 with 
malononitrile as it is depicted on Scheme 20.

 An one-pot three-component reaction of 
2-amino-1,3,4-thiadiazoles, aromatic aldehydes 
and thioglycolic acid in refluxing toluene yield-
ed the noncondensed 3-thiadiazolyl 4-thiazolidi-
nones 59 (Scheme 21). The study of antiviral 
activity against the human immunodeficiency 

virus (strain IIIB) on MT-cell lines showed high 
efficacy of hit-compound with an effective 
concentration of EC50 = 0.26 μM and selectivity 
index SI = 131 superior to standart thiazoben-
zimidazole (EC50 = 0.35 μM, SI = 54.5) [31].

Biological activity of heterocyclic systems 
based on functionally substituted 1,3,4-thiadi-
azoles
 The analysis of the antimicrobial activity 
of 2-arylamino-1,3,4-thiadiazole derivatives 
with diphenylsulfone fragment Ia-b (Fig. 2) 

allowed to establish the high efficiency of these 
compounds for gram-positive bacteria of the 
Bacillus cereus strain (MIC = 16 μg/ml) and 
moderate antifungal effect against C. albicans 
and C. parapsilosis (MIC = 64 μg/ml) [32]. The 
conjugates of 1,3,4 - thiadiazoles with

Scheme 20. Synthesis of 1,3,4-thiadiazole substituted 3-amino-2,3-dihydropyridazine and 
1-aryl-6-imino-1,6-dihydropyridazine derivatives.

Scheme 21. Synthesis of 1,3,4-thiadiazole substituted 2-aryl-4-thiazolidinones by a one-pot 
three-component reaction of 2-amino-1,3,4-thiadiazoles, aromatic aldehydes and thioglycolic acid.
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1,2,4-triazolo[1,5-a]pyrimidine moiety IIa-d 
possessed a significant fungicidal effect against 
C. beticola (IIb, percentage of inhibition = 
78±4%), P. piricola (percentages of inhibition = 
78±4% (IIa), 73±3% (IIc) and 86±2% (IId)) and 
R. solani (percentages of inhibition = 80±3% 
(IIa), 89±2% (IIb), 83±4% (IIc) and 79±5% 
(IId) at concentration of 50 ppm (part per 
million = mg/l). Compounds IIa-d demonstrated 
promising antimicrobial activity against 

gram-negative microorganisms E. coli (IId, 
MIC = 3.13 μg/ml) and P. fluorescence (IIa, 
MIC = 1.56 μg/ml) with equal potency to kana-
mycin [33]. 5-(2,5- Dimethoxyphenyl) 
-1,3,4-thiadiazoles were tested for their antimy-
cobacterial activity on Mycobacterium smegma-
tis MC-155 strain. Two active compounds were 
identified with effective concentrations of MIC 
= 65.74 μM (compound III) and 40.86 μM 
(compound IV) [34].

 1,3,4-Thiadiazole-pyrimidine hybrid 
(compound V) was tested for its in vivo antiviral 
activity against tobacco mosaic virus (TMV) 
(Fig. 3). The EC50 values for compound V 
(266.21 μg/ml) was lower than for antiviral drug 
Ningnanmycin (EC50 = 301.83 μg/ml) [35, 36]. A 
new series of 1,3,4-thiadiazole derivatives 
containing 4-oxo-4H-pyrido[1,2-a]pyrimidine 

fragment were synthesized and evaluated for 
their in vitro anti-HIV-1 activity. Most of the 
tested compounds displayed moderate inhibitory 
properties against HIV-1 virus (NL4-3) in Hela 
cell cultures. Two compounds namely VIa and 
VIb exhibited the highest activity with 48% and 
51% inhibition at 100 μM concentration, respec-
tively [37].

Figure 2. 1,3,4-Thiadiazole derivatives as potential antimicrobial agents.

Figure 3. Heteryl substituted 1,3,4-thiadiazoles with significant antiviral potential.
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 One of the most effective directions for 
the search of new potentially active compounds 
is the optimization of the pharmacological 
profile of known molecules. Thus, the modifica-
tion of colchicine by introduction of 1,3,4-thiadi-
azole scaffold (VIIa-b) (Fig. 4) allowed to 
achieve a cytotoxic effect on the cell lines of 
ovarian cancer A2780, lung cancer A549, hepa-
toma BELT7402 and breast cancer MCF7 with 
an IC50 range of 0.009-0.0224 μM [38]. The 
study of the antiproliferative activity of 
1,3-selenazole-thiadiazole series demonstrated 
their effectiveness on the MCF-7 breast cancer 
line (six compounds possessed antitumor activi-
ty with IC50 lower than 15.0 μM) and moderate 
antineoplastic effect on the L1210 (mouse 
lymphocyte leukemia) cell line (IC50 = 38.7-62.2 
μM). Hit compound, 2-[(4-chloroben-
z y l i d e n e ) a m i n o ] - 5 - [ ( 2 - p h e -

nyl-1,3-selenazol-2-yl)methylsulfanyl]-1,3,4-thi
adiazole VIII, showed cytostatic effect at 
concentrations 4.02 μM (MCF-7) and 50.01 μM 
(L1210) [39]. 
 The antitumor effect of 1,3,4-thiadi-
azole-thieno[2,3-d] pyrimidine-4-ones IXa-b 
and their tricyclic analogs Xa-b (Fig. 4) have 
been observed against cancer cell lines HT-29, 
MDA-MB-231, HepG2 and HeLa. The tricyclic 
derivatives Xa-b with annelated cyclohexene 
ring in positions 5 and 6 of thieno[2,3-d]pyrimi-
dine core were effective against all cell lines 
(range IC50 = 0.037-3.8 μM). While the transi-
tion to bicyclic structural analogues was accom-
panied by an increasing of cytotoxicity against 
MDA-MB-231 (IXa, IC50 = 0.0012 μM), HT-29 
(IXa-b) and HepG2 (IXa) cell lines, and signifi-
cant effect at single micromolar concentration 
against HeLa cells (IC50 = 2.3 and 3.31 μM) [40].

Conclusions
 In the present Review we summarized 
the literature data about the synthesis and modi-
fication of non-condenced heterocyclic systems 
based on 1,3,4-thiadiazole ring as promising 
objects for modern bioorganic and medicinal 
chemistry. Tiadiazole scaffold is structural com-
ponent of approved drugs. Thiadiazole deriva-
tives also have been reported to display a diverse 
range of biological and pharmacological proper-

ties. Thus, the variety of synthetic approaches 
and chemical modifications of aryl/heteryl 
substituted 1,3,4-thiadiazoles are the main key 
for diversification of biologicaly active hybrids. 
The promising pharmacological activity, includ-
ing anticancer, antibacterial, antiviral properties, 
can be an impulse for further in-depth studies of 
thiadiazole-based conjugates with possible 
application in medicine.

Figure 4. 1,3,4-Thiadiazole containing compounds with promising antitumor activity.
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