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Experimental Section 

 

NMR spectra were recorded using Bruker spectrometers (
1
H NMR 400 MHz; 

13
C NMR 101 

MHz) in DMSO-d6 with chemical shift in δ from internal TMS.  
 

Synthesis of 4-(arylsulfonamido)-acetophenone thiosemicarbazones 2a-f 

 

A mixture of equimolar amounts (0.01 mole) of N-(4-acetylphenyl)methane-(or benzene)-

sulfonamide (1a,b) and the selected thiosemicarbazides (thiosemicarbazide, N-methyl-

thiosemicarbazide and N-phenyl- thiosemicarbazide) was heated under reflux in a mixture of 1 

mL AcOH and 50 mL ethyl alcohol for 0.5 hour. The resultant solid crystals were collected 

recrystallized from THF. 

 

2-(1-(4-(Methylsulfonamido)phenyl)ethylidene)hydrazinecarbothioamide (2a): Yield 90 %; 

m.p. 239-241 °C; IR (KBr): ν/cm-1
: 3369, 3353, 3318 (NH, NH2); 

 1
H NMR: 2.28 (s, 3H, CH3-

C=N), 3.01 (s, 3H, CH3-SO2), 7.21 (d, 2H, J = 8.6 Hz, Ar-H, AB), 7.91 (m, 3H, 2Ar-H & 1H of 

NH2), 8.23 (s, 1H, 1H of NH2), 10.09 (br, 1H, SO2-NH); MS, m/z (%): 286 (M
+
; 27.8); Anal. 

Calcd. for C10H14N4O2S2 (286.37): C, 41.94; H, 4.93; N, 19.56; Found: C, 42.02; H, 4.91; N, 

19.53%. 

 

 N-Methyl-2-(1-(4-(methylsulfonamido)phenyl)ethylidene)hydrazinecarbothioamide (2b): 

Yield 85 %; m.p. 246-244 °C;
 IR (KBr): ν/cm-1

: 3355, 3321 (NH); 
1
H NMR:  2.28 (s, 3H, CH3-

C=N), 3.02 (s, 3H, CH3-SO2), 3.05 (d, 3H, J = 4.3 Hz, NHCH3), 7.24 (d, 2H, J = 8.5 Hz, Ar-H, 

AB), 7.92 (d, 2H, J = 8.7 Hz, Ar-H, AB), 8.41 (d, 1H, J = 4.3 Hz, NHCH3), 9.92 (s, 1H, SO2-

NH), 10.17 (s, 1H, N-NH-CS); 13C NMR: 14.27 (CH3-C=N), 31.53 (NHCH3), 39.53 (CH3-SO2) 

119.17 (2CH), 128.18 (2CH), 133.43 (C), 139.77 (C), 147.50 (C), 179.04 (C=S); MS, m/z (%): 

300 (M
+
; 38.9); Anal. Calcd. for C11H16N4O2S2 (300.40): C, 43.98; H, 5.37; N, 18.65; Found: C, 

43.94; H, 5.34; N, 18.62% 

 

2-(1-(4-(Methylsulfonamido)phenyl)ethylidene)-N-phenylhydrazinecarbothioamide (2c): 

Yield 90 %; m.p. 225-226 °C;
 IR (KBr): ν/cm-1

: 3344, 3332 (NH); 
1
H NMR: 2.37 (s, 3H, CH3-

C=N), 3.03 (s, 3H, CH3-SO2), 7.22 (m, 3H, Ar-H), 7.37 (t, 2H, J = 7.6 Hz, Ar-H), 7.58 (d, 2H, J 

= 7.7 Hz, Ar-H), 7.99 (d, 2H, J = 8.5 Hz, Ar-H), 9.95 (s, 1H, NHPh), 9.99 (s, 1H, SO2-NH), 

10.54 (s, 1H, N-NH-CS); MS, m/z (%): 362 (M
+
; 57.1); Anal. Calcd. for C16H18N4O2S2 (362.47): 

C, 53.02; H, 5.01; N, 15.46; Found: C, 52.98; H, 4.99; N, 15.37% 

 

2-(1-(4-(Phenylsulfonamido)phenyl)ethylidene)hydrazinecarbothioamide (2d): Yield 90 %; 

m.p. 249-251 °C;
 IR (KBr): ν/cm-1

: 3370, 3348, 3322 (NH, NH2); 
 1

H NMR:  2.20 (s, 3H, CH3-

C=N), 7.09 (d, 2H, 8.8 Hz, Ar-H), 7.53-7.59 (m, 3H, Ar-H), 7.77-7.83 (m, 4H, Ar-H), 7.85 (s, 

1H, 1H of NH2), 8.20 (s, 1H, 1H of NH2), 10.12 (s, 1H, N-NH-CS), 10.45 (br, 1H, SO2-NH); 
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MS, m/z (%): 286 (M
+
; 27.8); MS, m/z (%): 348 (M

+
; 64.3); Anal. Calcd. for C15H16N4O2S2 

(348.44): C, 51.70; H, 4.63; N, 16.08; Found: C, 51.74; H, 4.61; N, 16.11% 

  

 N-Methyl-2-(1-(4-(phenylsulfonamido)phenyl)ethylidene)hydrazinecarbothioamide (2e): 

Yield 85 %; m.p. 260-262 °C; 
 IR (KBr): ν/cm-1

: 3338, 3298 (NH); 
1
H NMR: 2.21 (s, 3H, CH3-

C=N), 3.02 (d, 3H, J = 4.5 Hz, NCH3), 7.12 (d, 2H, J = 8.7 Hz, Ar-H), 7.54-7.64 (m, 3H, Ar-H), 

7.78-7.82 (m, 4H, Ar-H), 8.38 (d, 1H, J = 4.4 Hz, NHCH3), 10.16 (s, 1H, N-NH-CS), 10.50 (br, 

1H, SO2-NH); MS, m/z (%): 362 (M
+
; 72.8); Anal. Calcd. for C16H18N4O2S2 (362.47): C, 53.02; 

H, 5.01; N, 15.46; Found: C, 53.99; H, 5.02; N, 15.38% 

 

N-Phenyl-2-(1-(4-(phenylsulfonamido)phenyl)ethylidene)hydrazinecarbothioamide (2f): 

Yield 90 %; m.p. 203-204 °C;
  IR (KBr): ν/cm-1

: 3363, 3321 (NH); 
1
H NMR: 2.46 (s, 3H, CH3-

C=N), 7.12  (d, 2H, J = 8.8 Hz, Ar-H), 7.20 (t, 1H, J = 7.3 Hz, Ar-H), 7.36 (t, 2H, J = 7.8 Hz,  

Ar-H), 7.54-7.65 (m, 5H, Ar-H), 7.78 (d, 2H, J = 8.7 Hz,  Ar-H), 7.88 (d, 2H, J = 8.8 Hz, Ar-H), 

9.95 (s, 1H, NHPh), 10.50 (s, 2H, 2NH); MS, m/z (%): 424 (M
+
; 74.4); Anal. Calcd. for 

C21H20N4O2S2 (424.54): C, 59.41; H, 4.75; N, 13.20; Found: C, 59.38; H, 4.74; N, 13.17% 

 

Synthesis the derivatives of thiazolidin-4-one 3a-f 

 

A mixture of 0.001 mole of the thiosemicarbazones 2a-f, 0.001 mole of ethyl chloroacetate and 

0.002 mole of fused CH3COONa was dissolved 40 mL THF (in case of 2d excess solvent was 

used). The solution of the reaction mixture was heated under reflux condition for 3 hours. After 

cooling, the obtained crude products were collected and recrystallized from THF. 

 

N-(4-(1-((4-oxothiazolidin-2-ylidene)hydrazono)ethyl)phenyl)methanesulfonamide (3a): 

Yield 70 %; m.p. 231-232 °C;
 IR (KBr): ν/cm-1

: 3440, 3370, 3335 (NH); 
1
H NMR: 2.33 (s, 3H, 

CH3-C=N), 3.03 (s, 3H, CH3-SO2), 3.84 (s, 2H, CH2-thiazole), 7.25 (d, 2H, J = 8.5 Hz, Ar-H, 

AB), 7.80 (d, 2H, J = 8.5 Hz, Ar-H, AB), 10.08-11.10 (br, 2H, NH); MS, m/z (%): 326 (M
+
; 

32.1); Anal. Calcd. for C12H14N4O3S2 (326.39): C, 44.16; H, 4.32; N, 17.17; Found: C, 44.14; H, 

4.31; N, 17.15%. 

 

N-(4-(1-((3-methyl-4-oxothiazolidin-2-

ylidene)hydrazono)ethyl)phenyl)methanesulfonamide (3b): Yield 70 %; m.p. 250-251 °C;
 
IR 

(KBr): ν/cm-1
: 3429, 3363, 3328 (NH);

 1
H NMR: 2.40 (s, 3H, CH3-C=N), 3.04 (s, 3H, CH3-SO2), 

3.20 (s, 3H, NCH3), 3.93 (s, 2H, CH2-thiazole), 7.27 (d, 2H, J = 8.5 Hz, Ar-H, AB),7.84 (d, 2H, 

J = 8.5 Hz, Ar-H, AB), 10.08 (br, 1H, SO2-NH); 
13

C NMR: 14.87 (CH3), 29.88 (CH3), 32.55 

(CH2), 40.60 (CH3), 119.18 (2CH), 128.06 (2CH), 133.26, 140.56, 161.34 (C=N),  163.50 

(C=N),  172.67 (C=O); MS, m/z (%): 340 (M
+
; 65.8); Anal. Calcd. for C13H16N4O3S2 (340.42): 

C, 45.87; H, 4.74; N, 16.46; Found: C, 45.85; H, 4.72; N, 16.47%. 

 



- 4 - 

 

N-(4-(1-((4-oxo-3-phenylthiazolidin-2-ylidene)hydrazono)ethyl)phenyl)methanesulfonamide 

(3c): Yield 80 %; m.p. 258-260 °C;
 IR (KBr): ν/cm-1

: 3388, 3348 (NH);
 1

H NMR: 2.13 (s, 3H, 

CH3-C=N), 3.04 (s, 3H, CH3-SO2), 4.09 (s, 2H, CH2-thiazole), 7.25 (d, 2H, J = 8.6 Hz, Ar-H), 

7.37-7.50 (m, 3H, Ar-H), 7.53 (t, 2H, J = 7.5 Hz, Ar-H), 7.80 (d, 2H, J = 8.7 Hz, Ar-H), 10.12 

(br, 1H, SO2-NH); MS, m/z (%):402 (M
+
; 36.2); Anal. Calcd. for C18H18N4O3S2 (402.49): C, 

53.71; H, 4.51; N, 13.92; Found: C, 53.68; H, 4.50; N, 13.89%. 

 

N-(4-(1-(-(4-oxothiazolidin-2-ylidene)hydrazono)ethyl)phenyl)benzenesulfonamide (3d): 

Yield 75 %; m.p. 257-258 °C;
  IR (KBr): ν/cm-1

: 3444, 3373, 3332 (NH); 
1
H NMR: 2.20 (s, 3H, 

CH3-C=N), 3.85 (s, 2H, CH2-thiazole), 7.09-7.82 (m, 9H, Ar-H), 10.12 (s, 1H, NH-thiazole), 

10.64 (br, 1H, SO2-NH); MS, m/z (%):388 (M
+
; 65.2); Anal. Calcd. for C17H16N4O3S2 (388.46):  

C, 52.56; H, 4.15; N, 14.42; Found: C, 52.54; H, 4.14; N, 14.39%. 

 

N-(4-(1-((3-methyl-4-oxothiazolidin-2-ylidene)hydrazono)ethyl)phenyl)benzenesulfonamide 

(3e): Yield 75 %; m.p. 236-238 °C; IR (KBr): ν/cm-1
: 3444, 3373, 3332 (NH);

 1
H NMR: 2.33 (s, 

3H, CH3-C=N), 3.17 (s, 3H, NCH3), 3.91 (s, 2H, CH2-thiazole), 7.20 (d, 2H, Ph-H), 7.57 (m, 3H, 

Ph-H), 7.73 (d, 2H, J = 8.4 Hz, Ar-H, AB), 7.84 (d, 2H, J = 8.3 Hz, Ar-H, AB), 10.76 (br, 1H, 

SO2-NH); MS, m/z (%):402 (M
+
; 34.4); Anal. Calcd. for C18H18N4O3S2 (402.49): C, 53.71; H, 

4.51; N, 13.92; Found: C, 53.69; H, 4.52; N, 13.89%. 

 

N-(4-(1-((4-oxo-3-phenylthiazolidin-2-ylidene)hydrazono)ethyl)phenyl)benzenesulfonamide 

(3f): Yield 80 %; m.p. 249-250 °C;
 IR (KBr): ν/cm-1

: 3400, 3384, 3318 (NH);
 1

H NMR: 2.10 (s, 

3H, CH3-C=N), 4.07 (s, 2H, CH2- thiazole), 7.15 (d, 2H, 7.8 Hz, Ar-H), 7.39-7.49 (m, 3H, Ar-

H), 7.50-7.62 (m, 5H,  Ar-H), 7.70 (d, 2H, J = 7.7 Hz, Ar-H), 7.82 (d, 2H, J = 6.8 Hz, Ar-H), 

10.58 (br, 1H, SO2-NH); MS, m/z (%):464 (M
+
; 27.8); Anal. Calcd. for C23H20N4O3S2 (464.56): 

C, 59.46; H, 4.34; N, 12.06; Found: C, 59.39; H, 4.32; N, 12.08%. 

 

Synthesis the derivatives of 4-phenyl-2,3-dihydrothiazole 4a-f: 

 

The mixture of 0.001 mole of the thiosemicarbazones 2a-f, 0.01 mole of choloroacetone and 

0.002 mole of fused CH3COONa was gently heated in 40 mL THF (in case of 2d excess solvent 

was used). The solution of the reaction mixture was heated under reflux condition for 6 hours. 

Then, it was concentrated. After cooling, the obtained crude products were collected and 

recrystallized from ethyl alcohol to give 4-phenyl-2,3-dihydrothiazole derivatives 4a-f. 

 

N-(4-(1-((4-Methylthiazol-2(3H)-

ylidene)hydrazineylidene)ethyl)phenyl)methanesulfonamide (4a): Yield 60 %; m.p. 209-210 

°C;
 IR (KBr): ν/cm-1

: 3267 (NH); 
1
H NMR:   2.17 (s, 3H, CH3-thiazole),  2.25 (s, 3H, CH3-C=N), 

3.02 (s, 3H, CH3-SO2),  6.32 (s, 1H, thiazole-H), 7.23 (d, 2H, J = 8.8 Hz, Ar-H, AB), 7.72 (d, 

2H, J = 8.8 Hz, Ar-H, AB), 9.87 (br, 1H, NH-thiazole), 10.97 (br, 1H, SO2-NH); MS, m/z (%): 
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324 (M
+
; 63.0); Anal. Calcd. for C13H16N4O2S2 (324.42): C, 48.13; H, 4.97; N, 17.27; Found: C, 

48.09; H, 4.98; N, 17.31%. 

 

N-(4-(1-((3,4-Dimethylthiazol-2(3H)-

ylidene)hydrazineylidene)ethyl)phenyl)methanesulfonamide (4b): Yield 65 %; m.p. 258-259 

°C;
 IR (KBr): ν/cm-1

: 3254 (NH); 
1
H NMR: 2.17 (s, 3H, CH3-thiazole),  2.25 (s, 3H, CH3-C=N), 

3.02 (s, 3H, CH3-SO2),  3.20 (s, 3H, NCH3),6.30 (s, 1H, thiazole-H), 7.21 (d, 2H, J = 8.8 Hz, Ar-

H, AB), 7.70 (d, 2H, J = 8.8 Hz, Ar-H, AB), 10.97 (br, 1H, SO2-NH); MS, m/z (%): 338 (M
+
; 

65.2); Anal. Calcd. for C14H18N4O2S2 (338.44): C, 49.68; H, 5.36; N, 16.55; Found: C, 49.69; H, 

5.37; N, 16.49%. 

 

N-(4-(1-((4-Methyl-3-phenylthiazol-2(3H)-

ylidene)hydrazineylidene)ethyl)phenyl)methanesulfonamide (4c): Yield 60 %; m.p. 245-255 

°C;
   1

H NMR: 2.17 (s, 3H, CH3-thiazole),  2.25 (s, 3H, CH3-C=N), 3.02 (s, 3H, CH3-SO2), 6.30 

(s, 1H, thiazole-H), 7.20-7.70 (m, 9H, Ar-H), 10.97 (br, 1H, SO2-NH);  MS, m/z (%): 400 (M
+
; 

46.2); Anal. Calcd. for C19H20N4O2S2 (400.52): C, 56.98; H, 5.03; N, 13.99; Found: C, 57.01; H, 

5.01; N, 14.01%. 

 

N-(4-(1-((4-Methylthiazol-2(3H)-

ylidene)hydrazineylidene)ethyl)phenyl)benzenesulfonamide (4d): Yield 65 %; m.p. 254-255 

°C; IR (KBr): ν/cm-1
: 3284, 3267 (NH); 

 1
H NMR:  

1
H NMR:  2.12 (s, 3H, CH3-thiazole),  2.27 

(s, 3H, CH3-C=N),  5.98 (s, 1H, thiazole-H), 7.08-7.80 (m, 9H, Ar-H), 9.90 (br, 1H, NH-

thiazole), 10.98 (br, 1H, SO2-NH); MS, m/z (%): 386 (M
+
; 45.1); Anal. Calcd. for C18H18N4O2S2 

(386.49): C, 55.94; H, 4.69; N, 14.50; Found: C, 55.91; H, 4.67; N, 14.48%. 

 

N-(4-(1-((3,4-Dimethylthiazol-2(3H)-

ylidene)hydrazineylidene)ethyl)phenyl)benzenesulfonamide (4e): Yield 70 %; m.p. 207-208 

°C; IR (KBr): ν/cm-1
: 3367.24 (NH);  

1
H NMR:  2.12 (s, 3H, CH3-thiazole),  2.27 (s, 3H, CH3-

C=N), 3.38 (s, 3H, NCH3), 5.98 (s, 1H, thiazole-H), 7.11 (d, 2H, Ph-H), 7.56 (m, 3H, Ph-H), 

7.67 (d, 2H, Ar-H, AB), 7.82 (d, 2H, Ar-H, AB), 10.42 (br, 1H, SO2-NH); MS, m/z (%): 400 

(M
+
; 27.8); Anal. Calcd. for C19H20N4O2S2 (400.52): C, 56.98; H, 5.03; N, 13.99; Found: C, 

57.01; H, 5.01; N, 13.97%. 

 

N-(4-(1-((4-Methyl-3-phenylthiazol-2(3H)-

ylidene)hydrazineylidene)ethyl)phenyl)benzenesulfonamide (4f): Yield 65 %; m.p. 213-215 

°C; IR (KBr): ν/cm-1
: 3277 (NH); 

 1
H NMR: 1.84 (s, 3H, CH3-thiazole),  2.00 (s, 3H, CH3-C=N), 

6.17 (s, 1H, thiazole-H), 7.10 (d, 2H, J = 8.6 Hz, Ph-H), 7.39-7.46 (m, 3H, Ar-H), 7.50-7.63 (m, 

7H, Ar-H), 7.80 (d, 2H, J = 7.2 Hz,  Ar-H), 10.43 (br, 1H, SO2-NH); MS, m/z (%): 462 (M
+
; 

34.1); Anal. Calcd. for C24H22N4O2S2 (462.59): C, 62.32; H, 4.79; N, 12.11; Found: C, 62.29; H, 

4.80; N, 12.08%. 
















































