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Objective: A convenient and effective method for the obtaining of a 4-thiazolidinone ring is the 
[2+3]-cyclocondensation reaction of S,N-binucleophiles with different equivalents of the 
dielectrophilic synthon [C2]2+. For this purpose, we achieved the synthesis of intermediate N1-
methylidenethiosemicarbazones 3a-b starting from 2-amino/allylsulfanyl-5-ethyl-1,3,4-
thiadiazoles 1-b via Vilsmeier-Haak formylation reaction following by condensation with 
thiosemicarbazide in acetic acid medium. 

Methods: Organic Synthesis, NMR Spectroscopy, Elemental analysis, Pharmacological screening. 

Results: The interaction of intermediate N1-methylidenethiosemicarbazones 3a-b with α-
halocarboxylic (monochloroacetic, 2-bromopropionic, 2-bromobutanoic) acids or α-bromo-γ-
butyrolactone in acetic acid at the presence of sodium acetate was performed. As results, a series 
of targeted 2-hydrazino-4-thiazolidinones containing 6-phenylimidazo[2,1-b] [1,3,4] thiadiazole 
moiety 4a-b and their 5-alkyl substituted derivatives 5a-d and 6a-b were obtained. The structure 
of the synthesized compounds was confirmed by elemental analysis and NMR spectroscopy. The 
synthesized compounds 3a-b, 4a-b, 5a-d, and 6a-b were evaluated for their in 
vitro antitrypanosomal activity against Trypanosoma brucei gambiense (Feo strain). 

Conclusion: The results of in vitro screening of antitrypanosomal activity against Trypanosoma 
brucei gambiense (TBG) allowed us to identify three highly active compounds 4b, 5b and 5c, which 
exhibited significant trypanocidal activity with a range of IC50 values of 3.7-4.4 µM and were 
comparable to the reference drug nifurtimox (IC50 = 4.4 µM). 
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Introduction 
Neglected tropical diseases (NTDs) are a group of 

approximately 20 diseases that affect part of the 

population in Sub- and Tropical countries [1, 2]. In 

the past, pharmaceutical industries and 

governmental agencies have invested in the 

control, elimination and eradication of such 

diseases. Among these diseases, Chagas disease 

(CD) [3] and Human African trypanosomiasis 

(HAT) [4] are a public health problem, mainly in 

the countries from the American continent and 

sub-Saharan African. In humans, HAT is caused by 

two sub-species of the parasite known as T. brucei 

gambiense in central and western Africa and T. 

brucei rhodesiense in eastern and southern Africa 

[5, 6]. T. brucei gambiense accounts for more than 

95% of reported cases [7]. In this context, the 

search for new therapeutic alternatives against 

such diseases has been growing in recent years, 

presenting cysteine proteases as the main strategy 

to discover new anti-trypanosomal drugs. 

One of the promising directions in the field of 

chemistry and pharmacology of 4-thiazolidinones 

is the search for potential antiparasitic [8, 9], in 

particular antitrypanosomal [10-12] agents. The 

results demonstrated that the trypanocidal effect 

of substituted 4-thiazolidinones may be associated 

with the inhibition of several biological targets, 

including cysteine protease cruzain [13], cruzipain 

protease [14], and dolicholphosphate mannose 

synthase [15]. At the same time, highly active 4-

thiazolidinone hydrazones are considered as 

bioisosteres of arylidentiosemicarbazones, which 

belong to a well-known class of antiprotozoal 

agents [16, 17]. 

On the other hand, of great interest for the 

bioorganic and medicinal chemistry is the bicyclic 

system formed by a thiadiazole ring fused with an 

imidazole ring – imidazo[2,1-b] [1,3,4] thiadiazole 

[18, 19]. Thus, imidazo[2,1-b] [1,3,4] thiadiazole 

derivatives possess a wide spectrum of biological 

activity, in particular antitumor [20, 21], 

antituberculosis [22, 23], antimicrobial [24, 25], 

antifungal [26], antioxidant [27, 28] and anti-

inflammatory [28]. Therefore, a directed search for 

new antitrypanosomal agents among heterocyclic 

systems containing 2-hydrazono-4-thiazolidinone 

and pharmacologically attractive 6-

arylimidazo[2,1-b] [1,3,4] thiadiazole moiety is 

promising and justified. 

Experimental Part 

Materials and methods 
All reagents and solvents were of analytical grade, 

commercially available, and used without further 

purification or drying. The starting materials, 6-

phenylimidazo[2,1-b] [1,3,4] thiadiazoles, were 

prepared according to previously reported 

procedures [29, 30].  

Melting points were determined using a NAGEMA-

K8 polarization microscope equipped with 

a Boetius heating stage and a digital thermometer 

(Ama-digit ad 14 th). Reported values are 

uncorrected. 

The ¹H NMR spectra were recorded on a Varian 

Gemini 400 MHz spectrometer in DMSO-d6, 

with tetramethylsilane (TMS) as the internal 

standard. Chemical shifts are expressed in ppm on 

the δ scale. 

Elemental analyses (C, H, N) were carried out on 

an Elementar Vario L cube instrument. The 

obtained values were within ±0.4% of the 

theoretical calculations. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

bp
.m

ed
ila

m
.a

c.
ir

 o
n 

20
25

-1
2-

08
 ]

 

                             2 / 13

https://pbp.medilam.ac.ir/search.php?sid=1&slc_lang=en&author=Nazarbaghi
https://pbp.medilam.ac.ir/search.php?sid=1&slc_lang=en&author=Nazarbaghi
https://pbp.medilam.ac.ir/article-1-356-en.html


 

2 | Plant Biotechnology Persa Volume 8, Issue 1, 2026 

Synthesis and In Vitro Antitrypanosomal Evaluation of 2-Hydrazino-4-Thiazolidinones 

 

Chemistry 
General procedure for the synthesis of 2-

ethyl/allylsulfanyl substituted 6-

phenylimidazo[2,1-b]thiadiazoles 1a-b. A mixture 

of equimolar amounts of 2-ethyl- or 2-allylsulfanyl- 

1,3,4-thiadiazole-5-amine and α-

bromoacetophenone (0.02 mol each) is refluxed in 

100 ml of ethanol for 8 h. The excess solvent is 

distilled off under reduced pressure, and the 

corresponding hydrobromide precipitate is 

filtered off, suspended in water, and an aqueous 

solution of sodium bicarbonate is added until the 

free base is isolated. The resulting precipitate of the 

reaction product is filtered off, washed three times 

with water, dried, and recrystallized from ethanol 

or acetonitrile. 

2-Ethyl-6-phenylimidazo[2,1-b][1,3,4]thiadiazole 

(1a). Yield 75%; m.p. = 143–144○C. 1H NMR (400 

MHz, DMSO-d6): δH = 8.62 (s, 1H, 5-H), 7.87 (d, 2H, 

J = 7.2 Hz, arom), 7.41 (t, 2H, J = 7.3 Hz, arom), 7.28 

(t, 1H, J = 7.3 Hz, arom), 3.07 (q, 2H, J = 7.5 Hz, 

CH2CH3), 1.37 (t, 3H, J = 7.5 Hz, CH2CH3). Calcd 

for С12H11N3S: C, 62.86; H, 4.84; N, 18.32. Found: 

C, 63.04; H, 4.96; N, 18.48. 

2-Allylsulfanyl-6-phenylimidazo[2,1-

b][1,3,4]thiadiazole (1b). Yield 73%; m.p. = 111–

112○C. 1H NMR (400 MHz, DMSO-d6): δH = 8.68 

(s, 1H, 5-H), 7.87 (d, 2H, J = 7.5 Hz, arom), 7.42 (t, 

2H, J = 7.4 Hz, arom), 7.28 (t, 1H, J = 7.4 Hz, arom), 

6.06-5.92 (m, 1H, –CH=), 5.37 (d, 1H, J = 16.9 Hz, 

=CH2), 5.23 (d, 1H, J = 10.0 Hz, =CH2), 3.98 (d, 2H, 

J = 6.8 Hz, SCH2–). Calcd for С13H11N3S2: C, 

57.12; H, 4.06; N, 15.37. Found: C, 57.31; H, 4.22; N, 

15.53. 

General procedure for the synthesis of 2-

ethyl/allylsulfanyl-6-phenylimidazo[2,1-

b]thiadiazole-5-carbaldehydes 2a-b. The 

Vilsmeier-Haack reagent is prepared by adding 

phosphorus oxochloride (3 ml) to absolute 

dimethylformamide (20 ml) at 0°C and stirring for 

5-10 min. Then, 0.01 mol of the corresponding 2-

substituted 6-phenylimidazolo[2,1-

b][1,3,4]thiadiazole 1a or 1b is added to the 

prepared reagent and stirred first at 0°C for 30 min, 

then for 2 h at room temperature and the next 2 h 

at 60°C. After that, a solution of sodium bicarbonate 

is added to the reaction mixture, heated to 90°C 

and stirred for another 2 h, then cooled and poured 

into water. The reaction product is extracted with 

chloroform (three times 30 ml), the resulting 

extracts are combined, washed with water and 

dried over anhydrous sodium sulfate. The solvent 

is distilled off under vacuum, and the resulting dry 

residue is recrystallized from a mixture of toluene 

and petroleum ether (1:2). 

2-Ethyl-6-phenylimidazo[2,1-b][1,3,4]thiadiazole-

5-carbaldehyde (2a). Yield 92%; m.p. = 100–

101○C. 1H NMR (400 MHz, DMSO-d6): δH = 9.96 

(s, 1H, CHO), 7.96-7.93 (m, 2H, arom), 7.53-7.51 

(m, 3H, arom), 3.16 (q, 2H, J = 7.5 Hz, CH2CH3), 

1.37 (t, 3H, J = 7.5 Hz, CH2CH3). Calcd for 

С13H11N3OS: C, 60.68; H, 4.31; N, 16.33. Found: C, 

60.85; H, 4.46; N, 16.57. 

2-Allylsulfanyl-6-phenylimidazo[2,1-

b][1,3,4]thiadiazole-5-carbaldehyde (2b). Yield 

89%; m.p. = 77–78○C. 1H NMR (400 MHz, DMSO-

d6): δH = 9.97 (s, 1H, CHO), 7.96-7.93 (m, 2H, 

arom), 7.53-7.51 (m, 3H, arom), 6.07-5.94 (m, 1H, 

–CH=), 5.44 (d, 1H, J = 17.0 Hz, =CH2), 5.25 (d, 1H, 

J = 10.0 Hz, =CH2), 4.03 (d, 2H, J = 6.9 Hz, SCH2–). 

Calcd for С14H11N3OS2: C, 55.79; H, 3.68; N, 13.94. 

Found: C, 55.96; H, 3.81; N, 14.14. 

General procedure for the synthesis of N1-[(6-

phenylimidazo[2,1-b]thiadiazol-5-
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yl)methylidene)-thiosemicarbazones 3a-b. A 

mixture of equimolar amounts (0.01 mol each) of 

thiosemicarbazide and the corresponding 6-

phenylimidazo[2,1-b][1,3,4]thiadiazole-5-

carbaldehyde 2a or 2b in acetic acid (15 ml) heated 

under reflux for 45 min. After complete cooling of 

the reaction mixture, the formed precipitate is 

filtered off, washed sequentially with acetic acid, 

water and ethanol and recrystallized from acetic 

acid. 

N1-[(2-Ethyl-6-phenylimidazo[2,1-

b][1,3,4]thiadiazol-5-

yl)methylidene]thiosemicarbazone (2a). Yield 

83%; m.p. = 239–240○C. 1H NMR (400 MHz, 

DMSO-d6): δH = 11.57 (s, 1Н, NH), 8.46 (s, 1H, 5-

CH=, imidaz), 8.40 (brs, 1Н, NH2), 7.71 (d, 2Н, J = 

7.4 Hz, arom), 7.49 (t, 2Н, J = 7.2 Hz, arom), 7.42 (t, 

1Н, J = 7.2 Hz, arom), 7.18 (brs, 1Н, NH2), 3.13 (q, 

2H, J = 7.5 Hz, CH2CH3), 1.35 (t, 3H, J = 7.5 Hz, 

CH2CH3). Calcd for С14H14N6S2: C, 50.89; H, 4.27; 

N, 25.43. Found: C, 51.12; H, 4.46; N, 25.68. 

N1-[(2-Allylsulfanyl-6-phenylimidazo[2,1-

b][1,3,4]thiadiazol-5 

yl)methylidene]thiosemicarbazone (2b). Yield 

79%; m.p. = 159–160○C. 1H NMR (400 MHz, 

DMSO-d6): δH = 11.58 (s, 1Н, NH), 8.46 (s, 1H, 5-

CH=, imidaz), 8.44 (brs, 1Н, NH2), 7.71 (d, 2Н, J = 

7.5 Hz, arom), 7.49 (t, 2Н, J = 7.3 Hz, arom), 7.42 (t, 

1Н, J = 7.3 Hz, arom), 7.16 (brs, 1Н, NH2), 6.06-

5.95 (m, 1H, –CH=), 5.38 (d, 1H, J = 16.9 Hz, 

=CH2), 5.23 (d, 1H, J = 10.0 Hz, =CH2), 4.00 (d, 2H, 

J = 6.7 Hz, SCH2–). Calcd for С15H14N6S3: C, 

48.11; H, 3.77; N, 22.44. Found: C, 48.34; H, 3.96; N, 

22.65. 

General procedure for the synthesis of 2-[(6-

phenylimidazo[2,1-b]thiadiazol-5-

yl)methylidene]-hydrazono-4-thiazolidinones 4a-

b and their 5-methyl/ethyl substituted derivatives 

5a-d. In a round-bottom flask, 0.001 mol of the 

corresponding N1-methylidenthiosemicarbazone 

3a or 3b, 0.0011 mol of monochloroacetic, 2-

bromopropionic or 2-bromobutanoic acid, and 

0.001 mol of anhydrous sodium acetate are placed, 

10 ml of acetic acid was added and the mixture was 

refluxed for 2.5 h. The precipitate formed after 

cooling the reaction mixture was filtered off, 

washed successively with acetic acid, water and 

ethanol and recrystallized from a mixture of DMF – 

acetic acid (1:2) 

2-[(2-Ethyl-6-phenylimidazo[2,1-

b][1,3,4]thiadiazol-5-

ylmethylidene)hydrazono]thiazolidine-4-one (4a). 

Yield 77%; m.p. = 257–258○C. 1H NMR (400 MHz, 

DMSO-d6): δH = 12.03 (s, 1H, NH, thiaz), 8.60 (s, 

1H, 5-CH=, imidaz), 7.98 (d, 2H, J = 7.3 Hz, arom), 

7.49 (t, 2H, J = 7.4 Hz, arom), 7.41 (t, 1H, J = 7.3 Hz, 

arom), 3.91 (s, 2H, 5-CH2, thiaz), 3.14 (q, 2H, J = 7.4 

Hz, CH2CH3), 1.39 (t, 3H, J = 7.4 Hz, CH2CH3). 

Calcd for С16H14N6OS2: C, 51.88; H, 3.81; N, 22.69. 

Found: C, 52.09; H, 3.96; N, 22.93. 

2-[(2-Allylsulfanyl-6-phenylimidazo[2,1-

b][1,3,4]thiadiazol-5-ylmethylidene)hydrazono]-

thiazolidine-4-one (4b). Yield 71%; m.p. = 229–

230○C. 1H NMR (400 MHz, DMSO-d6): δH = 12.00 

(s, 1H, NH, thiaz), 8.56 (s, 1H, 5-CH=, imidaz), 7.93 

(d, 2H, J = 7.3 Hz, arom), 7.50 (t, 2H, J = 7.0 Hz, 

arom), 7.42 (t, 1H, J = 7.1 Hz, arom), 6.11-5.98 (m, 

1H, –CH=), 5.43 (d, 1H, J = 17.3 Hz, =CH2), 5.23 (d, 

1H, J = 9.9 Hz, =CH2), 4.07 (d, 2H, J = 6.9 Hz, SCH2–

), 3.93 (s, 2H, 5-CH2, thiaz). Calcd for 

С17H14N6OS3: C, 49.26; H, 3.40; N, 20.27. Found: 

C, 49.48; H, 3.56; N, 20.48. 

2-[(2-Ethyl-6-phenylimidazo[2,1-

b][1,3,4]thiadiazol-5-ylmethylidene)hydrazono]-
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5-methyl-thiazolidine-4-one (5a). Yield 75%; m.p. 

= 272–273○C. 1H NMR (400 MHz, DMSO-d6): δH 

= 11.94 (s, 1H, NH, thiaz), 8.61 (s, 1H, 5-CH=, 

imidaz), 7.98 (d, 2H, J = 7.5 Hz, arom), 7.50 (t, 2H, 

J = 7.7 Hz, arom), 7.42 (t, 1H, J = 7.4 Hz, arom), 4.32 

(q, 1H, 5-H, thiaz), 3.14 (q, 2H, J = 7.4 Hz, CH2CH3), 

1.53 (d, 3H, J = 7.2 Hz, 5-CH3, thiaz), 1.40 (t, 3H, J 

= 7.4 Hz, CH2CH3). Calcd for С17H16N6OS2: C, 

53.11; H, 4.19; N, 21.86. Found: C, 53.34; H, 4.35; N, 

22.08. 

2-[(2-Ethyl-6-phenylimidazo[2,1-

b][1,3,4]thiadiazol-5-ylmethylidene)hydrazono]-

5-ethyl-thiazolidine-4-one (5b). Yield 78%; m.p. = 

256–257○C. 1H NMR (400 MHz, DMSO-d6): δH = 

11.95 (br.s, 1H, NH, thiaz), 8.61 (s, 1H, 5-CH=, 

imidaz), 7.98 (d, 2H, J = 7.1 Hz, arom), 7.49 (t, 2H, 

J = 7.6 Hz, arom), 7.42 (t, 1H, J = 7.3 Hz, arom), 4.25 

(dd, 1H, J = 3.5 Hz, 4.4 Hz, 5-H, thiaz), 3.14 (q, 2H, J 

= 7.5 Hz, CH2CH3), 2.05-1.96, 1.87-1.77 (2*m, 2H, 

5-СН2СН3, thiaz), 1.40 (t, 3H, J = 7.5 Hz, CH2CH3), 

0.98 (t, 3H, J = 7.3 Hz, 5-CH2CH3, thiaz). Calcd for 

С18H18N6OS2: C, 54.25; H, 4.55; N, 21.09. Found: 

C, 54.43; H, 4.72; N, 21.32. 

2-[(2-Allylsulfanyl-6-phenylimidazo[2,1-

b][1,3,4]thiadiazol-5-ylmethylidene)hydrazono]-

5-methyl-thiazolidine-4-one (5c). Yield 74%; m.p. 

= 224–225○C. 1H NMR (400 MHz, DMSO-d6): δH 

= 11.99 (s, 1H, NH, thiaz), 8.58 (s, 1H, 5-CH=, 

imidaz), 7.93 (d, 2H, J = 7.1 Hz, arom), 7.51 (t, 2H, 

J = 7.2 Hz, arom), 7.42 (t, 1H, J = 7.1 Hz, arom), 

6.13-5.99 (m, 1H, –CH=), 5.43 (d, 1H, J = 17.4 Hz, 

=CH2), 5.23 (d, 1H, J = 9.8 Hz, =CH2), 4.24 (q, 1H, 

J = 7.1 Hz, 5-H, thiaz), 4.08 (d, 2H, J = 6.9 Hz, SCH2–

), 1.51 (d, 3H, J = 7.2 Hz, 5-CH3, thiaz). Calcd for 

С18H16N6OS3: C, 50.45; H, 3.76; N, 19.61. Found: 

C, 50.68; H, 3.92; N, 19.87. 

2-[(2-Allylsulfanyl-6-phenylimidazo[2,1-

b][1,3,4]thiadiazol-5-ylmethylidene)hydrazono]-

5-ethyl-thiazolidine-4-one (5d). Yield 76%; m.p. = 

225–226○C. 1H NMR (400 MHz, DMSO-d6): δH = 

11.98 (s, 1H, NH, thiaz), 8.57 (s, 1H, 5-CH=, 

imidaz), 7.90 (d, 2H, J = 7.5 Hz, arom), 7.48 (t, 2H, 

J = 7.3 Hz, arom), 7.42 (t, 1H, J = 7.2 Hz, arom), 

6.12-6.01 (m, 1H, –CH=), 5.44 (d, 1H, J = 16.9 Hz, 

=CH2), 5.22 (d, 1H, J = 10.0 Hz, =CH2), 4.24 (dd, 

1H, J = 3.7 Hz, 4.1 Hz, 5-H, thiaz), 4.09 (d, 2H, J = 

6.4 Hz, SCH2–), 2.03-1.96, 1.82-1.76 (2*m, 2Н, 5-

СН2СН3, thiaz), 0.96 (t, 3Н, J = 7.2 Hz, 5-СН2СН3, 

thiaz). Calcd for С19H18N6OS3: C, 51.56; H, 4.10; 

N, 18.99. Found: C, 51.78; H, 4.18; N, 19.21. 

General procedure for the synthesis of 5-(β-

acetoxyethylene)-2-[(6-phenylimidazo[2,1-

b]thiadiazol-5-yl)methylidene]hydrazono-4-

thiazolidinones 6a-b. In a round-bottom flask, 

0.001 mol of the corresponding N1-

methylidenthiosemicarbazone 3a or 3b, 0.0011 

mol of α-bromo-γ-butyrolactone, and 0.001 mol of 

anhydrous sodium acetate are placed, 10 ml of 

acetic acid was added and the mixture was refluxed 

for 2.5 h. The precipitate formed after cooling the 

reaction mixture was filtered off, washed 

successively with acetic acid, water and ethanol 

and recrystallized from a mixture of DMF – acetic 

acid (1:2) 

2-[(2-Ethyl-6-phenylimidazo[2,1-

b][1,3,4]thiadiazol-5-ylmethylidene)hydrazono]-

5-(β-acetoxyethylene)thiazolidine-4-one (6a). 

Yield 76%; m.p. = 186–187○C. 1H NMR (400 MHz, 

DMSO-d6): δH = 12.06 (br.s, 1H, NH, thiaz), 8.60 (s, 

1H, 5-CH=, imidaz), 7.99 (d, 2H, J = 7.7 Hz, arom), 

7.50 (t, 2H, J = 7.6 Hz, arom), 7.41 (t, 1H, J = 7.4 Hz, 

arom), 4.30 (dd, 1H, J = 3.2 Hz, 4.6 Hz, 5-H, thiaz), 

4.25-4.21, 4.17-4.11 (2*m, 2H, 5-AcOCH2CH2, 
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thiaz), 3.14 (q, 2H, J = 7.4 Hz, CH2CH3), 2.36-2.31, 

2.16-2.10 (2*m, 2H, 5-AcOCH2CH2, thiaz), 2.01 (s, 

3H, CH3CO), 1.39 (t, 3H, J = 7.4 Hz, CH2CH3). Calcd 

for С20H20N6O3S2: C, 52.62; H, 4.42; N, 18.41. 

Found: C, 52.86; H, 4.61; N, 18.67. 

2-[(2-Allylsulfanyl-6-phenylimidazo[2,1-

b][1,3,4]thiadiazol-5-ylmethylidene)hydrazono]-

5-(β-acetoxyethylene)thiazolidine-4-one (6b). 

Yield 79%; m.p. = 193–194○C. 1H NMR (400 MHz, 

DMSO-d6): δH = 12.05 (s, 1H, NH, thiaz), 8.58 (s, 

1H, 5-CH=, imidaz), 7.92 (d, 2H, J = 6.2 Hz, arom), 

7.49 (t, 2H, J = 6.7 Hz, arom), 7.43 (t, 1H, J = 6.6 Hz, 

arom), 6.08-6.03 (m, 1H, –CH=), 5.43 (d, 1H, J = 

17.0 Hz, =CH2), 5.22 (d, 1H, J = 9.8 Hz, =CH2), 4.32 

(t, 1H, J = 5.7 Hz, 5-H, thiaz), 4.25-4.20, 4.15-4.12 

(2*m, 2H, 5-AcOCH2CH2, thiaz), 4.08 (d, 2H, J = 5.9 

Hz, SCH2–), 2.34-2.29, 2.16-2.11 (2*m, 2H, 5-

AcOCH2CH2, thiaz), 2.01 (s, 3H, CH3CO). Calcd for 

С21H20N6O3S3: C, 50.38; H, 4.03; N, 16.79. Found: 

C, 50.61; H, 4.17; N, 16.97. 

 

Anti-trypanosomal Activity Assay 
Bloodstream forms of T. brucei gambiense (Feo 

strain) were maintained in HMI-9 medium 

supplemented with 10% fetal calf serum (FCS) at 

37°C in a 5% CO2 atmosphere [31]. Parasites in the 

logarithmic growth phase were harvested by 

centrifugation at 3000 x gand immediately used for 

assays. Drug sensitivity was assessed using the 

resazurin-based assay, which measures the 

conversion of the redox-sensitive dye resazurin to 

a fluorescent product by metabolically active cells, 

as previously described [32]. Stock solutions of the 

test compounds were prepared in pure DMSO. 

Parasites (1 x 104 cells/well) were cultured in 96-

well plates in the presence or absence of serial 

dilutions of the test inhibitors in a final volume of 

200 µl. After a 72-h incubation, resazurin solution 

was added in each well at the final concentration of 

45 μM and fluorescence was measured at 530 nm 

and 590 nm wavelengths after a further 4-h 

incubation. The percentage of growth inhibition 

was calculated by comparing the fluorescence 

intensity of drug-treated parasites with that of 

untreated controls, with DMSO serving as vehicle 

control. The IC50 values were derived from dose–

response curves over a concentration range of 10–

0.625 µg/ml and expressed in micromolar units. 

Results represent the mean ± SD of three 

independent experiments. 

 

Results 

Chemistry 
Following the reaction of the starting 2-

amino/allylsulfanyl-5-ethyl-1,3,4-thiadiazoles 

with α-bromoacetophenone the corresponding 2-

ethyl/allylsulfanyl 6-arylimidazo[2,1-

b][1,3,4]thiadiazoles 1a-b were obtained in a good 

yields. The formylation of compounds 1a-b under 

Vilsmeier-Haak reaction conditions afforded the 

respective 6-phenylmidazo[2,1-

b][1,3,4]thiadiazole-5-carbaldehydes 2a-b. Further 

condensation of carbaldehydes 2a-b with 

thiosemicarbazide in acetic acid medium under the 

reflux leads to the formation of N1-(6-

phenylimidazo[2,1-b][1,3,4]thiadiazol-5-

ylmethylidene)thiosemicarbazones 3a-b as 

intermediate reagents for further synthetic studies. 

Thus, further interaction of thiosemicarbazones 

3a-b with monochloroacetic acid in refluxing acetic 

acid at the presence of sodium acetate (Scheme 1) 

afforded the target 2-methylidenehydrazino-4-

thiazolidinones containing imidazo[2,1-

b][1,3,4]thiadiazole moiety 4a-b. 
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Scheme 1. Synthesis of N1-(6-Phenylimidazo[2,1-b][1,3,4]thiadiazol-5-ylmethylidene)-thiosemicarbazones 
and Their Modification into Imidazo[2,1-b][1,3,4]thiadiazole Containing 2-Hydrazino-4-thiazolidinones 

 

In addition, modification of N1-

methylidenthiosemicarbazones 3a-b via 

interaction with 2-bromopropionic or 2-

bromobutanoic acids at the presence of sodium 

acetate in refluxing acetic acid (Scheme 2) allowed 

to obtain a series of 5-methyl/ethyl substituted 2-

methylidenehydrazino-4-thiazolidinones 5a-d 

containing a 6-phenylimidazo[2,1-

b][1,3,4]thiadiazole moiety. Instead, the 

interaction of compounds 3a-b with α-bromo-γ-

butyrolactone under similar conditions leads to the 

formation of 5-(β-acetoxyethyl)-2-(6-

phenylimidazo[2,1-b][1,3,4]thiadiazol-5-

ylmethylidene)hydrazono-4-thiazolidinones 6a-b: 
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Scheme 2. Synthesis of 5-Methyl/ethyl/ β-acetoxyethyl Substituted 2-Methylidenehydrazino-4-
thiazolidinones Containing a 6-Phenylimidazo[2,1-b][1,3,4]thiadiazole Moiety 
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In vitro Evaluation of Antitrypanosomal 

Activity 
Ten synthesized compounds (3a-b, 4a-b, 5a-d, and 

6a-b) were initially screened at fixed 

concentrations of 50, 10, and 1 µg/ml. Growth 

inhibition was quantified by Alamar Blue 

fluorescence relative to untreated controls. 

Compounds demonstrating >40–50% inhibition at 

10 µg/ml were selected for IC50 determination 

(Table 1). Nifurtimox, clinically used in 

combination with eflornithine for the treatment of 

gambiense human African trypanosomiasis [33], 

was included as a reference drug. 

Table 1. Antitrypanosomal Activity of Synthesized 6-Phenylimidazo[2,1-b][1,3,4]thiadiazole Substituted 2-
Methylidenehydrazino-4-thiazolidinones and Their 5-Alkyl Derivatives. 

 

Compound R1 R2 IC50 IC50 

µg/ml SD µM SD 

3a C2H5 – 6.9 0.2 20.9 0.6 

3b SCH2CH=CH2 – 2.3 0.1 6.1 0.3 

4a C2H5 – 6.7 0.8 18.0 2.3 

4b SCH2CH=CH2 – 1.6 0.3 3.9 0.7 

5a C2H5 CH3 >10 - >26 - 

5b C2H5 C2H5 1.5 0.1 3.7 0.1 

5c SCH2CH=CH2 CH3 1.9 0.3 4.4 0,7 

5d SCH2CH=CH2 C2H5 9.1 2.1 20.6 4.7 

6a C2H5 CH3COCH2CH2 5.4 0.9 11.8 2.0 

6b SCH2CH=CH2 CH3COCH2CH2 2.9 0.3 5.7 0.6 

Nifurtimox – – – – 4.4 0.7 

 
 

Discussion 
The structures of the synthesized compounds were 

confirmed by ¹H NMR spectroscopy and elemental 

analysis. Spectroscopic data obtained for all new 

derivatives were consistent with the proposed 

structures. In particular, the proton in position 5 of 

6-phenylimidazo[2,1-b][1,3,4]thiadiazoles 1a-b 

appears as a singlet at δ ~ 8.68-8.62 ppm, which 

together with the absence of signals from the NH2 

group of the starting amino derivatives reliably 

confirms the course of the cyclization and the 

formation of the target compounds. A feature of the 

spectral pattern for 5-formyl derivatives 2a-b, 

which allows to reliably interpret the successful 

completion of the formylation reaction, is the 

absence of the C5-H proton signal and the presence 

of a singlet at 9.97-9.96 ppm, which corresponds to 

the aldehyde group –CHO.  

The protons of the methylene group at position 5 of 

the thiazolidine ring in the NMR spectra of the 5-

unsubstituted derivatives 4a-b forms a singlet at δ 

~ 3.93-3.91 ppm. The methyl group in the NMR 

spectra of 5-methyl-2-hydrazonothiazolidin-4-

ones 5a and 5c forms a three-proton doublet in the 
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range of δ ~ 1.53-1.51 ppm. Instead, the ethyl 

group in position 5 of the thiazolidine ring in the 

NMR spectra of compounds 5b and 5d corresponds 

to a three-proton triplet at δ ~ 0.98-0.96 ppm and 

two multiplets in the range of δ ~ 2.05-1.76 ppm. 

The β-acetoxyethyl fragment in the NMR spectra of 

compounds 6a and 6b resonates as a three-proton 

singlet at δ ~ 2.01 ppm, formed by the protons of 

the acetyl group CH3CO, and four multiplets with 

an integrated intensity of one proton for each in the 

range of δ ~ 4.25-4.11 ppm (OCH2CH2) and δ ~ 

2.36-2.10 ppm (OCH2CH2). 

Among the tested compounds, the thiazolidinone-

imidazo[2,1-b]thiadiazole hybrids 4b, 5b, and 5c 

exhibited the most potent trypanocidal activity, 

with IC50 values ranging from 3.7 to 4.4 µM, which 

was comparable or better than that of the reference 

drug nifurtimox (IC50 = 4.4 µM). Compound 5a did 

not show an inhibitory effect on the growth of 

parasites in the tested conditions. Considering that 

the best activity was shown by both the 5-

unsubstituted derivative 4b and compounds with 

various substituents (5b, R2 = C2H5; 5c, R2 = 

CH3), it can be assumed that the nature of the 

substituent at position 5 of the thiazolidine ring 

does not play a critical role in the manifestation of 

antitrypanosomal activity. Structure-activity 

analysis revealed that the presence of an S-allyl 

substituent at position 2 of the imidazo[2,1-

b][1,3,4]thiadiazole core was more favorable for 

trypanocidal activity compared with the 

corresponding ethyl group. 

 

Conclusion 
A series of 2-hydrazino-4-thiazolidinones 

incorporated 6-phenylimidazo[2,1-

b][1,3,4]thiadiazole moiety and their 5-alkyl 

substituted derivatives were synthesized by 

reaction of N1-(6-phenylimidazo[2,1-

b][1,3,4]thiadiazol-5-ylmethylidene)-

thiosemicarbazones with (monochloroacetic, 2-

bromopropionic, 2-bromobutanoic) acids or α-

bromo-γ-butyrolactone in acetic acid at the 

presence of sodium acetate. The synthesized 

compounds were evaluated for their 

antitrypanosomal activity against T. brucei 

gambience (Feo strain). Trypanocidal activity 

assay of the synthesized compounds has allowed us 

to identify thiazolidinone- imidazo[2,1-

b]thiadiazole hybrids 4b, 5b and 5c, which were 

found to be the most active derivatives, with a 

range of IC50 values of 3.7-4.4 µM. It was 

established that the presence of S-allyl group in 

position 2 of the imidazo[2,1-b][1,3,4]thiadiazole 

core is more optimal in terms of the manifestation 

of the trypanocidal effect than the ethyl one. 

 

Funding 
This research received no external funding. 

 

Acknowledgements 
Gratitude is extended to the Armed Forces of 

Ukraine for enabling the conduct of the research 

and to the editorial board of the journal for 

providing the opportunity to publish the results 

 

Conflicts of Interest 
The authors declare no conflict of interest. 

 

References 

1. Pastrana NA, Beran D,  Somerville C, Heller O, 
Correia JC, Suggs LS. The process of building  
the priority of neglected tropical diseases: A 
global policy analysis. PLoS Negl Trop Dis. 
2020;14(8);e0008498. 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

bp
.m

ed
ila

m
.a

c.
ir

 o
n 

20
25

-1
2-

08
 ]

 

                            11 / 13

https://pbp.medilam.ac.ir/article-1-356-en.html


 

43 | Plant Biotechnology Persa Volume 8, Issue 1, 2026 

 Maryan Lelyukh et al.  

https://doi.org/10.1371/journal.pntd.000849
8 

2. Hudu SA, Jimoh AO, Adeshina KA, Otalike EG, 
Tahir A, Hegazy AA. An insight into the success, 
challenges, and future perspectives of 
eliminating Neglected tropical disease. Sci Afr. 
2024;24:e02165. 
https://doi.org/10.1016/j.sciaf.2024.e02165 

3. Pérez-Molina JA, Molina I. Chagas disease. 
Lancet. 2018;391(10115):82-94. 
http://dx.doi.org/10.1016/S0140-
6736(17)31612-4 

4. Franco JR, Cecchi G, Priotto G, Paone M, Ebeja 
AK, Simarro PP, Diarra A, Sankara D, Zhao W, 
Dagne DA. Human African trypanosomiasis 
cases diagnosed in non-endemic countries 
(2011–2020). PLoS Negl Trop Dis. 
2022;16(11):e0010885. 
https://doi.org/10.1371/journal.pntd.001088
5 

5. Brun R, Blum J, Chappuis F, Burri C. Human 
African trypanosomiasis. Lancet, 
2010;375(9709):148-159. 
http://dx.doi.org/10.1016/S0140-
6736(09)60829-1 

6. Scarim CB, Jornada DH, Machado MGM, 
Ferreira CMR, dos Santos JL, Chung MC. 
Thiazole, thioand semicarbazone derivatives 
against  tropical  infective diseases: Chagas 
disease, human African trypanosomiasis 
(HAT), leishmaniasis, and malaria. Eur J Med 
Chem. 2019;162:378-395. 
http://dx.doi.org/10.1016/j.ejmech.2018.11.
013 

7. Kryshchyshyn A, Kaminskyy D, Grellier P, 
Lesyk R. Trends in research of 
antitrypanosomal agents among synthetic 
heterocycles. Eur J Med Chem. 2014;85:51-64. 
http://dx.doi.org/10.1016/j.ejmech.2014.07.
092 

8. Mech D, Kurowska A, Trotsko N. The 
bioactivity of thiazolidine-4-ones: A short 
review of the most recent studies. Int J Mol Sci. 
2021;22(21):11533. 
https://doi.org/10.3390/ijms222111533 

9. Szostek T, Otto-Ślusarczyk D, Roszkowski P, 
Struga M, Szulczyk D. Exploring tne bioactive 
potential of (2-imino-4-oxo-1,3-thiazolidine-
5-yl)acetic acid derivatives: A comprehensive 
review. Results Chem. 2024;11:101828. 
https://doi.org/10.1016/j.rechem.2024.1018
28 

10. de Oliveira Filho GB, de Oliveira Cardoso MV, 
Espíndola JWP, Rebello Ferreira LFG, de 
Simone CA, Ferreira RS, Coelho PL et al.. 
Structural design, synthesis and 

pharmacological evaluation of 4-
thiazolidinones against Trypanosoma cruzi. 
Bioorg Med Chem. 2015;23(23):7478-7486. 
https://doi.org/10.1016/j.bmc.2015.10.048 

11. Yang B, Si H, Zhai H. QSAR studies on the IC50 
of a class of thiazolidinone/thiazolide based 
hybrids as antitrypanosomal agents. Lett Drug 
Des Discov. 2021;18(4):406-415. 
https://doi.org/10.2174/157018081799920
1102200015 

12. Abbasi Shiran J, Ghanbari M, Mohammadnejadi 
E, Razzaghi-Asl N. Structural insight into 
privileged heterocycles as anti-Trypanosoma 
cruzi and brucei agents. Curr Top Med Chem. 
2023;23(9):736-752. 
https://doi.org/10.2174/156802662366623
0201103843 

13. Prates JLB, Lopes JR, Chin CM, Ferreira EI, dos 
Santos JL, Scarim CB. Discovery of novel 
inhibitors of cruzain cysteine protease of 
Trypanosoma cruzi. Curr Med Chem. 
2024;31(16):2285-2308. 
https://doi.org/10.2174/010929867325486
4230921090519 

14. Pizzo C, Saiz C, Talevi A, Gavernet L, Palestro P, 
Bellera C, Blanch LB, Benitez D, Cazzulo JJ, 
Chidichimo A, Wipf P, Mahler SG. Synthesis of 
2-hydrazolyl-4-thiazolidinones based on 
multicomponent reactions and biological 
evaluation against Trypanosoma cruzi. Chem 
Biol Drug Des. 2011;77(3):166-172. 
https://doi.org/10.1111/j.1747-
0285.2010.01071.x 

15. Smith TK, Young BL, Denton H, Hughes DL, 
Wagner GK. First small molecular inhibitors of 
T. brucei dolicholphosphate mannose synthase 
(DPMS), a validated drug target in African 
sleeping sickness. Bioorg Med Chem Lett. 
2009;19(6):1749-1752. 
https://doi.org/10.1016/j.bmcl.2009.01.083 

16. Rabelo RAN, de Asis DRR, Oliveira AA, Barbosa 
CLN, das Dores Pereira R, de Almeida Vitor RW, 
Regis WCB et al. Potent anti-Toxoplasma 
gondii activity of 4-chlorophenylthioacetone-
derived thiosemicarbazones: Involvement of 
CCR2 and CCR5 receptors and 5-lipoxygenase 
in the mode of action. Med Drug Discov. 
2023;18:100157. 
https://doi.org/10.1016/j.medidd.2023.1001
57 

17. da Cunha PST, Gini ALR, Chin CM, dos Santos JL. 
Scarim CB. Recent progress in thiazole, 
thiosemicarbazone, and semicarbazone 
derivatives as antiparasitic agents against 
Trypanosomatids and Plasmodium spp. 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

bp
.m

ed
ila

m
.a

c.
ir

 o
n 

20
25

-1
2-

08
 ]

 

                            12 / 13

https://pbp.medilam.ac.ir/search.php?sid=1&slc_lang=en&author=Nazarbaghi
https://pbp.medilam.ac.ir/search.php?sid=1&slc_lang=en&author=Nazarbaghi
https://pbp.medilam.ac.ir/article-1-356-en.html


 

44 | Plant Biotechnology Persa Volume 8, Issue 1, 2026 

Synthesis and In Vitro Antitrypanosomal Evaluation of 2-Hydrazino-4-Thiazolidinones 

 

Molesules. 2025;30(8);1788. 
https://doi.org/10.3390/molecules30081788 

18. Khazi IAM, Gadad AK, Lamani RS, Bhongade 
BA. Chemistry of imidazo[2,1-
b][1,3,4]thiadiazoles. Tetrahedron. 
2011;67(19):3289-3316. 
https://doi.org/10.1016/j.tet.2011.03.027 

19. Fascio ML, Errea MI, D’Accorso NB. 
Imidazothiazole and related heterocyclic 
systems. Synthesis, chemical and biological 
properties. Eur J Med Chem. 2015;90:666-683. 
https://doi.org/10.1016/j.ejmech.2014.12.01
2 

20. Sridhar G, Palle S, Vantikommu J, Gangarapu K. 
Design, synthesis, and biological evaluation of 
amide derivatives of imidazo[2,1-
b][1,3,4]thiadiazole as anticancer agents. 
Synth Commun. 2020;50(21):3221-3233. 
https://doi.org/10.1080/00397911.2020.179
7814 

21. Avarru SP, Noolvi MN, More UA, Chakraborty S, 
Dash A, Aminabhavi TM, Narayan KP, Sutariya 
V. Synthesis and anticancer activity of 
thiadiazole containing thiourea, benzothiazole 
and imidazo[2,1-b][1,3,4]thiadiazole scaffolds. 
Med Chem. 2021;17(7):750-755. 
https://doi.org/10.2174/157340641666620
0519085626 

22. Patel HM, Noolvi MN, Sethi NS, Gadad AK, 
Cameotra SS. Synthesis and antitubercular 
evaluation of imidazo[2,1-b][1,3,4]thiadiazole 
derivatives. Arab J Chem. 2017;10(1):S996-
S1002. 
https://doi.org/10.1016/j.arabjc.2013.01.001 

23. Chandurwala S, Balachandran H, Gowramma 
B, Yokkesh M, Pranav V, Vinethmartin J, Jangra 
A, Arun S, Kaviarasan L. A recent progress in 
biological activities of 1,3,4-thiadiazole and its 
derivatives: A review. Curr Top Med Chem. 
2025. 
https://doi.org/10.2174/011568026634458
8241127031534 

24. Dagli M, Er M, Karakurt T, Onanan A, Alici H, 
Tahtaci H. Synthesis, characterization, 
antimicrobial evaluation, and computational 
investigation of substituted imidazo[2,1-
b][1,3,4]thiadiazole derivatives. 
ChemistrySelect. 2020;5(38):11753-11763. 
https://doi.org/10.1002/slct.202002821 

25. Dwarakanath D, Nayak YN, Kulal A, Pandey S, 
Ranganath Pai KS, Gaonkar SL. In vitro and in 
silico insights into antimicrobial and 
anticancer activities of novel imidazo[2,1-
b][1,3,4]thiadiazoles. Sci Rep. 2024;14:31994. 
https://doi.org/10.1038/s41598-024-83498-
x 

26. Guo FY, Zheng CJ, Wang M, Ai J, Han LY, Yang L, 
Lu YF, Yang YX, Piao MG, Piao H-R, Jin C-M, Jin 
CH. Synthesis and antimicrobial activity 
evaluation of imidazole-fused imidazo[2,1-
b][1,3,4]thiadiazole analogues. 
ChemMedChem. 2021;16(15):2354-2365. 
https://doi.org/10.1002/cmdc.202100122 

27. Taflan Ebru, Bayrak H, Er M, Karaoğlu ŞA, 
Bozdeveci A. Novel imidazo[2,1-
b][1,3,4]thiadiazole (ITD) hybrid compounds: 
Design, synthesis, efficient antibacterial 
activity and antioxidant effects. Bioorg Chem. 
2019;89:102998. 
https://doi.org/10.1016/j.bioorg.2019.10299
8 

28. Raut DG, Bhosale RB, Lawand AS, Hublikar MG, 
Kadu VD, Patil SB. A novel method for the 
syntheses of imidazo-thiadiazoles as potential 
antioxidants and anti-inflammatory agents. 
Recent Adv Inflamm Allergy Drug Discov. 
2022;16(1):19-25. 
https://doi.org/10.2174/277227081666622
0410130059 

29. Hegde VS, Kolavi GD, Lamani RS, Khazi IAM. 
Mannich bases and novel benzothiazole 
derivatives of imidazo[2,1-
b][1,3,4]thiadiazoles and their biological 
evaluation. J Sulfur Chem. 2006;27(6):553-
569. 
https://doi.org/10.1080/174159906009879
57 

30. Noolvi MN, Patel HM, Kamboj S, Kaur A, Mann 
V. 2,6-Disubstituted imidazo[2,1-
b][1,3,4]thiadiazoles: Search for anticancer 
agents. Eur J Med Chem. 2012;56:56-69. 
https://doi.org/10.1016/j.ejmech.2012.08.01
2 

31. Bastos IMD, Motta FN, Charneau S, Santana JM, 
Dubost L, Augustynus K, Grellier P. Prolyl 
oligopeptidase of Trypanosoma brucei 
hydrolyzes native collagen, peptide hormones 
and is active in the plasma of infected mice. 
Microb Infect. 2010;12(6):457-466. 
https://doi.org/10.1016/j.micinf.2010.02.007 

32. Lethu S, Bosc D, Mouray E, Grellier P, Dubois J. 
New protein farnesyltransferase inhibitors in 
the 3-arylthiophene 2-carboxylic acid series: 
Diversification of the aryl moiety by solid-
phase synthesis. J Enzyme Inhib Med Chem. 
2013;28(1):163-171. 
https://doi.org/10.3109/14756366.2011.643
302 

33. Lutje V, Seixas J, Kennedy A. Chemotherapy for 
second-stage human African trypanosomiasis. 
Cochrane Database Syst Rev. 2013; 6 
CD006201. 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

bp
.m

ed
ila

m
.a

c.
ir

 o
n 

20
25

-1
2-

08
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

https://pbp.medilam.ac.ir/article-1-356-en.html
http://www.tcpdf.org

