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Experimental 

Materials and methods  

       Melting points were determined in open glass capillaries with a Gallenkamp apparatus. 

Elemental analyses were carried out at the Microanalytical Center of Cairo University, Giza, 

Egypt. The infrared spectra were recorded as potassium bromide disks on a Pye Unicam SP 

3-300 and Shimaduz FTIR 8101 PC infrared spectrophotometer. NMR spectra were recorded 

with a Varian Mercury VXR-300 NMR spectrometer operating at 300 MHz (1H NMR) and 75 

MHz (13C NMR), a Varian VXR spectrometer operating at 400 MHz (1H NMR) and 101 MHz 

(13C NMR) and a Varian VXR spectrometer operating at 500 MHz (1H NMR) and 126 MHz (13C 

NMR). Mass spectra (EI) were obtained at 70 eV with a type Shimadzu GCMQP 1000 EX 

spectrometer. Analytical thin-layer chromatography was performed using pre-coated silica gel 

60,778 plates (Fluka), and the spots were visualized with UV light at 254 nm. Acetyl derivatives 

1a,b,[71] bromoacetyl derivatives 2a,b,[71] bis(acetophenones) 9a-c,[54]  bis(α-bromoketones) 

10a-c,[54]  bis(thiosemicarbazones) 12a-c,[63] 4-amino-3-mercapto-1,2,4-triazole 14a,b[80,81] and 

bis(4-amino-5-mercapto-1,2,4-triazoles) 16a-d[82] were prepared according literature 

procedures.  
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Synthesis of 2-(2-(2-(1-(benzo[d]thiazol-2-yl)ethylidene)hydrazinyl)thiazol-4-

yl)benzo[d]thiazole (5) 

     A mixture of 1-(benzo[d]thiazol-2-yl)-2-bromoethanone (2a) (1 mmol) and 2-(1-

(benzo[d]thiazol-2-yl)ethylidene)hydrazinecarbothioamide (4a) (1 mmol) was dissolved in 

ethanol (20 mL) containing TEA (1 mL). The reaction mixture was heated at reflux for 3 h. The 

solid obtained upon cooling was filtered off and recrystallized from DMF/EtOH to afford the title 

compounds 5 as green powder (76% yield), mp. 268-270 °C; IR: (potassium bromide) 3525 

(NH), 1566 (C=N) cm-1 ; 1H-NMR (300 MHz, DMSO) δ 2.48 (s, 3H, CH3), 7.43–7.55 (m, 4H, 

ArH), 7.91 (s, 1H, thiazole-5-H), 8.00–8.13 (m, 4H, ArH), 12.26 (s, 1H, NH); 13C-NMR (101 

MHz, DMSO) δ 13.85, 111.57, 122.62, 122.79, 123.06, 123.50, 125.70, 126.49, 126.77, 

127.00, 135.00, 135.35, 143.73, 145.48, 153.56, 154.00, 162.83, 168.03, 169.53; ms: m/z (%) 

407 (M+). Anal. Calcd. for C19H13N5S3: C, 56.00; H, 3.22; N, 17.18; S, 23.60. Found: C, 55.76; 

H, 3.14; N, 17.09; S, 23.70%. 

Synthesis of 4-(benzofuran-2-yl)-2-(2-(1-(benzofuran-2-yl)ethylidene)-hydrazinyl)thiazole 

(6) 

     A mixture of 1-(benzofuran-2-yl)-2-bromoethanone (2b) (1 mmol) and 2-(1-(benzofuran-2-

yl)ethylidene)hydrazinecarbothioamide (4b) (1 mmol) was dissolved in ethanol (20 mL) 

containing TEA (1 mL). The reaction mixture was heated at reflux for 3 h. The obtained solid 

product was filtered off and recrystallized from DMF/EtOH to afford the title compounds 6 as 

brown powder (71% yield), mp. 249-251 °C; IR: (potassium bromide) 3325 (NH), 1543 (C=N) 

cm-1 ; 1H-NMR (300 MHz, DMSO)  δ 2.34 (s, 3H, CH3), 7.07 (s, 2H, benzofuran-3-H), 7.26 (s, 

1H, thiazole-5-H), 7.43–7.49 (m, 4H, ArH), 7.57–7.88 (m, 4H, ArH),11.70 (s, 1H, NH); 13C-

NMR (126 MHz, DMSO) δ 14.21, 102.22, 105.80, 108.62, 113.44, 113.72, 115.96, 116.01, 

124.22, 124.28, 127.57, 128.33, 130.88, 131.27, 153.37, 153.77, 155.33, 170.22; ms: m/z (%) 

373 (M+). Anal. Calcd. for C21H15N3O2S: C, 67.54; H, 4.05; N, 11.25; S, 8.59. Found: C, 67.27; 

H, 3.89; N, 11.06; S, 8.33%. 

Synthesis of 2-(2-(2-(1-(benzofuran-2-yl)ethylidene)hydrazinyl)thiazol-4-

yl)benzo[d]thiazole (7) 

     A mixture of 1-(benzo[d]thiazol-2-yl)-2-bromoethanone (2a) (1 mmol) and 2-(1-(benzofuran-

2-yl)ethylidene)hydrazinecarbothioamide (4b) (1 mmol) was dissolved in ethanol (20 mL) 
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containing TEA (1 mL). The reaction mixture was heated at refluxed for 3 h. The solid product 

which formed was filtered off and recrystallized from DMF/EtOH to afford the title compounds 7 

as dark Green powder (73% yield), mp. 228-230 °C; IR: (potassium bromide) 3433 (NH), 1558 

(C=N) cm-1 ; 1H-NMR (300 MHz, DMSO)  δ 2.36 (s, 3H, CH3), 7.27 (s, 1H, thiazole-5-H), 7.45–

7.62 (m, 5H, ArH & benzofuran-3-H), 7.84 (d, 2H, ArH, J = 7.5), 8.01 (d, 1H, ArH, J = 8.1), 8.10 

(d, 1H, ArH, J = 7.8), 11.79 (s, 1H, NH); 13C-NMR (101 MHz, DMSO) δ 14.30, 105.96, 110.92, 

113.73, 116.03, 122.77, 123.03, 124.30, 125.65, 126.97, 128.38, 130.85, 135.00, 139.15, 

145.32, 153.79, 154.02, 155.24, 163.00, 170.06; ms: m/z (%) 390 (M+). Anal. Calcd. for 

C20H14N4OS2: C, 61.52; H, 3.61; N, 14.35; S, 16.42. Found: C, 61.25; H, 3.53; N, 13.76; S, 

16.30%. 

Synthesis of 2-(1-(2-(4-(benzofuran-2-yl)thiazol-2-yl)hydrazono)ethyl)benzo[d]-thiazole 

(8) 

     A mixture of 1-(benzofuran-2-yl)-2-bromoethanone (2b) (1 mmol) and 2-(1-(benzo[d]thiazol-

2-yl)ethylidene)hydrazinecarbothioamide (4a) (1 mmol) was dissolved in ethanol (20 mL), 

containing TEA (1 mL).  The reaction mixture was heated at reflux for 3 h. The solid product 

which formed was filtered off and recrystallized from DMF/EtOH to afford the title compounds 8 

as brown powder (70% yield), mp. 248-250 °C; IR: (potassium bromide) 3425 (NH), 1558 

(C=N) cm-1 ; 1H-NMR (300 MHz, DMSO) δ 2.45 (s, 3H, CH3), 7.10 (s, 1H, benzofuran-3-H), 

7.45–7.61 (m, 5H, ArH & thiazole-5-H), 7.89–8.09 (m, 4H, ArH), 12.20 (s, 1H, NH); ms: m/z 

(%) 390 (M+). Anal. Calcd. for C20H14N4OS2: C, 61.52; H, 3.61; N, 14.35; S, 16.42. Found: C, 

60.98; H, 3.41; N, 14.29; S, 16.33%. 

Synthesis of bis(benzofuran-2-ylethylidenehydrazinylthiazoles) and bis(benzo[d]thiazol-

2-ylethylidene-hydrazinylthiazoles)  11a-f 

     To a solution of the appropriate bis(α-bromoketones) 10a-c  (1 mmol) in ethanol (25 mL) 

containing TEA (2 mL), 2-(1-(benzo[d]thiazol-2-yl)ethylidene)hydrazinecarbothio-amide (4a) (2 

mmol)  or 2-(1-(benzofuran-2-yl)ethylidene)hydrazinecarbothioamide (4b) (2 mmol) was 

added. The reaction mixture was heated at reflux for 3-5 h. The obtained solid products upon 

cooling were filtered off then recrystallized from DMF/EtOH to afford compounds 11a-f. 

1,2-Bis(4-(2-(2-(1-(benzo[d]thiazol-2-yl)ethylidene)hydrazinyl)thiazol-4-yl)-

phenoxy)ethane (11a).    Brown powder (72% yield), mp. 259-261 °C; IR: (potassium 
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bromide) 3425 (NH), 1558 (C=N) cm-1 ; 1H-NMR (500 MHz, DMSO) δ 2.48 (s, 6H, CH3), 4.36 

(s, 4H, CH2O), 7.03 (d, 4H, ArH, J = 9.0), 7.24 (s, 2H, thiazole-5-H), 7.44–7.48 (m, 4H, ArH), 

7.81 (d, 4H, ArH, J = 8.5), 7.97 (d, 2H, ArH, J = 8.0), 8.04 (d, 2H, ArH, J = 7.5), 11.99 (s, 2H, 

NH); 13C-NMR (126 MHz, DMSO)  δ 13.72, 66.86, 103.46, 115.11, 122.58, 123.09, 123.38, 

126.33, 126.70, 127.40, 135.31, 153.63, 158.44, 168.46; ms: m/z (%) 758 (M+). Anal. Calcd. 

for C38H30N8O2S4: C, 60.14; H, 3.98; N, 14.76; S, 16.90. Found: C, 59.84; H, 3.77; N, 14.53; S, 

16.75%. 

1,2-Bis(4-(2-(2-(1-(benzofuran-2-yl)ethylidene)hydrazinyl)thiazol-4-yl)-phenoxy)ethane 

(11b).    Brown powder (77% yield), mp. 247-249 °C; IR: (potassium bromide) 3332 (NH), 1550 

(C=N) cm-1 ; 1H-NMR (500 MHz, DMSO) δ 2.30 (s, 6H, CH3), 4.33 (s, 4H, CH2O), 7.00 (d, 4H, 

ArH, J = 8.5), 7.15 (s, 2H, benzofuran-3-H), 7.21 (s, 2H, thiazole-5-H), 7.43–7.44 (m, 4H, ArH), 

7.57 (d, 2H, ArH, J = 9.0), 7.78-7.84 (m, 6H, ArH), 10.95 (s, 2H, NH); 13C-NMR (126 MHz, 

DMSO)  δ 14.12, 66.84, 102.95, 105.49, 113.66, 115.05, 115.97, 124.20, 126.40, 127.38, 

128.06, 128.22, 130.94, 138.21, 153.72, 155.52, 158.33, 169.35; ms: m/z (%) 724 (M+). Anal. 

Calcd. for C40H32N6O4S2: C, 66.28; H, 4.45; N, 11.59; S, 8.85. Found: C, 66.13; H, 4.29; N, 

11.41; S, 8.76%. 

1,3-Bis(4-(2-(2-(1-(benzo[d]thiazol-2-yl)ethylidene)hydrazinyl)thiazol-4-yl)phenoxy)-

propane (11c).    Brown powder (79% yield), mp. 208-210 °C; IR: (potassium bromide) 3417 

(NH), 1558 (C=N) cm-1 ; 1H-NMR (400 MHz, DMSO) δ 2.21 (Quintet, 2H, CH2, J = 6.0), 2.51 

(s, 6H, CH3), 4.20 (t, 4H, CH2O, J = 6.0), 7.02 (d, 4H, ArH, J = 8.8), 7.26 (s, 2H, thiazole-5-H), 

7.42–7.52 (m, 4H, ArH), 7.82 (d, 4H, ArH, J = 8.8), 8.00 (d, 2H, ArH, J = 7.6), 8.07 (d, 2H, ArH, 

J = 8.0), 11.98 (s, 2H, NH); 13C-NMR (101 MHz, DMSO)  δ 13.71, 29.13, 64.75, 103.37, 

115.05, 122.56, 123.38, 123.64, 126.32, 126.69, 126.83, 127.38, 135.31, 153.63, 158.61, 

168.47; ms: m/z (%) 772 (M+). Anal. Calcd. for C39H32N8O2S4: C, 60.60; H, 4.17; N, 14.50; S, 

16.59. Found: C, 60.47; H, 3.98; N, 14.33; S, 16.42%. 

1,3-Bis(4-(2-(2-(1-(benzofuran-2-yl)ethylidene)hydrazinyl)thiazol-4-yl)phenoxy)propane 

(11d).    Brown powder (84% yield), mp. 197-199 °C; IR: (potassium bromide) 3433 (NH), 1553 

(C=N) cm-1 ; 1H-NMR (300 MHz, DMSO) δ 2.21 (m, 2H, CH2), 2.34 (s, 6H, CH3), 4.19 (m, 4H, 

CH2O), 7.01 (d, 4H, ArH, J = 9.0), 7.17 (s, 2H, benzofuran-3-H), 7.27 (s, 2H, thiazole-5-H), 

7.19–7.37 (m, 4H, ArH), 7.60-7.73 (m, 4H, ArH), 7.80 (d, 4H, ArH, J = 8.7), 11.99 (s, 2H, NH); 
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ms: m/z (%) 738 (M+). Anal. Calcd. for C41H34N6O4S2: C, 66.65; H, 4.64; N, 11.37; S, 8.68. 

Found: C, 66.49; H, 4.53; N, 11.15; S, 8.46 %. 

1,4-bis(4-(2-(2-(1-(benzo[d]thiazol-2-yl)ethylidene)hydrazinyl)thiazol-4-yl)phenoxy)-

butane (11e).    Brown powder (81% yield), mp. 239-241 °C; IR: (potassium bromide) 3410 

(NH), 1558 (C=N) cm-1 ; 1H-NMR (400 MHz, DMSO) δ 1.91 (br. s, 4H, CH2), 2.51 (s, 6H, CH3), 

4.09 (br. s, 4H, CH2O), 7.00 (d, 4H, ArH, J = 8.8), 7.25 (s, 2H, thiazole-5-H), 7.43–7.52 (m, 4H, 

ArH), 7.81 (d, 4H, ArH, J = 8.8), 8.00 (d, 2H, ArH, J = 8.0), 8.07 (d, 2H, ArH, J = 7.6), 11.96 (s, 

2H, NH); 13C-NMR (101 MHz, DMSO)  δ 13.72, 25.88, 67.65, 103.36, 115.03, 122.58, 123.38, 

126.34, 126.71, 127.35, 127.49, 135.31, 153.64, 158.76, 168.55; ms: m/z (%) 786 (M+). Anal. 

Calcd. for C40H34N8O2S4: C, 61.04; H, 4.35; N, 14.24; S, 16.30. Found: C, 60.89; H, 4.23; N, 

14.17; S, 16.22%. 

1,4-Bis(4-(2-(2-(1-(benzofuran-2-yl)ethylidene)hydrazinyl)thiazol-4-yl)phenoxy)butane 

(11f).    Brown powder (86% yield), mp. 242-244 °C; IR: (potassium bromide) 3317 (NH), 1559 

(C=N) cm-1 ; 1H-NMR (500 MHz, DMSO) δ 1.88 (br. s, 4H, CH2), 2.33 (s, 6H, CH3), 4.05 (br. s, 

4H, CH2O), 6.96 (d, 4H, ArH, J = 9.0), 7.14 (s, 2H, benzofuran-3-H), 7.25 (s, 2H, thiazole-5-H), 

7.23–7.34 (m, 4H, ArH), 7.60 (d, 2H, ArH, J = 8.0), 7.64 (d, 2H, ArH, J = 7.5), 7.78 (d, 4H, ArH, 

J = 8.5), 10.92 (s, 2H, NH); 13C-NMR (126 MHz, DMSO)  δ 14.22, 25.90, 67.63, 102.65, 

106.25, 111.64, 114.69, 114.98, 121.89, 123.69, 125.76, 127.32, 128.64, 130.90, 138.63, 

154.23, 154.93, 158.64, 169.46; ms: m/z (%) 752 (M+). Anal. Calcd. for C42H36N6O4S2: C, 

67.00; H, 4.82; N, 11.16; S, 8.52. Found: C, 66.76; H, 4.65; N, 11.13; S, 8.44%. 

Synthesis of bis(4-(2-(4-(benzo[d]thiazol-2-yl)thiazol-2-yl)hydrazono)-

ethyl)phenoxy)alkanes and bis(4-(2-(4-(benzofuran-2-yl)thiazol-2-yl)hydrazono)-

ethyl)phenoxy)alkanes 13a-f 

     A mixture of 1-(benzo[d]thiazol-2-yl)-2-bromoethanone (2a) (2 mmol) or 1-(benzofuran-2-

yl)-2-bromoethanone (2b) (2 mmol) with the appropriate bis(thiosemicarbazones) 12a-c (1 

mmol) was dissolved in ethanol (25 mL), TEA (2 mL) was added and the reaction mixture was 

refluxed for 3-5 h. The reaction mixture then left to cool, the solid product was filtered off 

recrystallized from DMF/EtOH to afford compounds 13a-f. 
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1,2-Bis(4-(1-(2-(4-(benzo[d]thiazol-2-yl)thiazol-2-yl)hydrazono)ethyl)phenoxy)ethane 

(13a).    Green powder (79% yield), mp. 264-266 °C; IR: (potassium bromide) 3425 (NH), 1558 

(C=N) cm-1 ; 1H-NMR (400 MHz, DMSO) δ 2.34 (s, 6H, CH3), 4.40 (s, 4H, CH2O), 7.07 (d, 4H, 

ArH, J = 8.8), 7.45 (t, 2H, ArH, J = 7.6), 7.54 (t, 2H, ArH, J = 7.6), 7.77 (d, 4H, ArH, J = 8.8), 

7.78 (s, 2H, thiazole-5-H), 8.02 (d, 2H, ArH, J = 8.0), 8.12 (d, 2H, ArH, J = 8.0), 11.44 (s, 2H, 

NH); 13C-NMR (126 MHz, DMSO)  δ 14.58, 66.87, 110.13, 114.89, 122.77, 122.99, 125.59, 

126.94, 127.72, 130.89, 134.99, 145.29, 147.94, 154.04, 159.51, 163.23, 170.96; ms: m/z (%) 

758 (M+). Anal. Calcd. for C38H30N8O2S4: C, 60.14; H, 3.98; N, 14.76; S, 16.90. Found: C, 

59.85; H, 3.76; N, 14.55; S, 16.73%. 

1,2-Bis(4-(1-(2-(4-(benzofuran-2-yl)thiazol-2-yl)hydrazono)ethyl)phenoxy)ethane (13b).    

Brown powder (76% yield), mp. 247-249 °C; IR: (potassium bromide) 3432 (NH), 1558 (C=N) 

cm-1 ; 1H-NMR (400 MHz, DMSO) δ 2.32 (s, 6H, CH3), 4.39 (s, 4H, CH2O), 7.06 (d, 4H, ArH, J 

= 8.8), 7.07 (s, 2H, benzofuran-3-H), 7.27–7.33 (m, 4H, ArH), 7.35 (s, 2H, thiazole-5-H), 7.60 

(d, 2H, ArH, J = 8.0), 7.68 (d, 2H, ArH, J = 7.2), 7.76 (d, 4H, ArH, J = 8.8), 11.33 (s, 2H, NH); 

13C-NMR (101 MHz, DMSO)  δ 14.47, 66.87, 102.50, 106.87, 111.40, 114.87, 121.79, 123.68, 

125.04, 127.66, 128.94, 130.95, 131.00, 147.40, 152.58, 154.49, 159.44, 171.06; ms: m/z (%) 

724 (M+). Anal. Calcd. for C40H32N6O4S2: C, 66.28; H, 4.45; N, 11.59; S, 8.85. Found: C, 66.11; 

H, 4.27; N, 11.40; S, 8.81%. 

1,3-Bis(4-(1-(2-(4-(benzo[d]thiazol-2-yl)thiazol-2-yl)hydrazono)ethyl)phenoxy)propane 

(13c).    Dark green powder (73% yield), mp. 189-191 °C; IR: (potassium bromide) 3402 (NH), 

1566 (C=N) cm-1 ; 1H-NMR (400 MHz, DMSO) δ 2.22-2.26 (m, 2H, CH2), 2.32 (s, 6H, CH3), 

4.20 (br. s, 4H, CH2O), 7.03 (d, 4H, ArH, J = 8.0), 7.45-7.54 (m, 4H, ArH), 7.75 (d, 4H, ArH, J = 

8.4), 7.77 (s, 2H, thiazole-5-H), 8.02 (d, 2H, ArH, J = 8.0), 8.11 (d, 2H, ArH, J = 7.2), 11.42 (s, 

2H, NH); 13C-NMR (101 MHz, DMSO)  δ 14.58, 29.03, 64.78, 110.11, 114.83, 122.76, 122.99, 

125.58, 126.93, 127.70, 130.70, 135.00, 145.29, 147.96, 154.04, 159.68, 163.23, 170.96; ms: 

m/z (%) 772 (M+). Anal. Calcd. for C39H32N8O2S4: C, 60.60; H, 4.17; N, 14.50; S, 16.59. Found: 

C, 60.39; H, 3.91; N, 14.38; S, 16.46%. 

1,3-Bis(4-(1-(2-(4-(benzofuran-2-yl)thiazol-2-yl)hydrazono)ethyl)phenoxy)propane (13d).    

Brown powder (71% yield), mp. 203-205 °C; IR: (potassium bromide) 3340 (NH), 1566 (C=N) 

cm-1 ; 1H-NMR (400 MHz, DMSO) δ 2.20-2.21 (m, 2H, CH2), 2.30 (s, 6H, CH3), 4.18-4.21 (m, 
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4H, CH2O), 7.02 (d, 4H, ArH, J = 8.8), 7.07 (s, 2H, benzofuran-3-H), 7.25–7.32 (m, 4H, ArH), 

7.34 (s, 2H, thiazole-5-H), 7.59 (d, 2H, ArH, J = 8.0), 7.67 (d, 2H, ArH, J = 7.6), 7.74 (d, 4H, 

ArH, J = 8.4), 11.32 (s, 2H, NH); 13C-NMR (126 MHz, DMSO) δ 14.45, 29.04, 64.77, 102.48, 

106.84, 111.39, 114.82, 121.77, 123.67, 125.02, 127.63, 128.94, 130.81, 130.93, 147.43, 

152.55, 154.48, 159.60, 171.05; ms: m/z (%) 738 (M+). Anal. Calcd. for C41H34N6O4S2: C, 

66.65; H, 4.64; N, 11.37; S, 8.68. Found: C, 66.53; H, 4.57; N, 11.09; S, 8.41 %. 

1,4-Bis(4-(1-(2-(4-(benzo[d]thiazol-2-yl)thiazol-2-yl)hydrazono)ethyl)phenoxy)butane 

(13e).    Dark green powder (72% yield), mp. 219-221 °C; IR: (potassium bromide) 3356 (NH), 

1558 (C=N) cm-1 ; 1H-NMR (400 MHz, DMSO) δ 1.91 (br. s, 4H, CH2), 2.32 (s, 6H, CH3), 4.10 

(br. s, 4H, CH2O), 7.00 (d, 4H, ArH, J = 8.0), 7.45 (t, 2H, ArH, J = 7.6), 7.54 (t, 2H, ArH, J = 

7.6), 7.74 (d, 4H, ArH, J = 8.4), 7.77 (s, 2H, thiazole-5-H), 8.02 (d, 2H, ArH, J = 8.0), 8.11 (d, 

2H, ArH, J = 8.0), 11.42 (s, 2H, NH); 13C-NMR (101 MHz, DMSO)  δ 14.58, 25.81, 67.70, 

110.11, 114.81, 122.77, 122.99, 125.59, 126.94, 127.68, 130.56, 134.99, 145.28, 148.03, 

154.04, 159.83, 163.23, 170.97; ms: m/z (%) 786 (M+). Anal. Calcd. for C40H34N8O2S4: C, 

61.04; H, 4.35; N, 14.24; S, 16.30. Found: C, 60.94; H, 4.31; N, 14.13; S, 16.17%. 

1,4-Bis(4-(1-(2-(4-(benzofuran-2-yl)thiazol-2-yl)hydrazono)ethyl)phenoxy)butane (13f).    

Brown powder (71% yield), mp. 247-249 °C; IR: (potassium bromide) 3340 (NH), 1559 (C=N) 

cm-1 ; 1H-NMR (400 MHz, DMSO) δ 1.91 (br. s, 4H, CH2), 2.31 (s, 6H, CH3), 4.10 (br. s, 4H, 

CH2O), 7.00 (d, 4H, ArH, J = 8.0), 7.06 (s, 2H, benzofuran-3-H), 7.21–7.30 (m, 4H, ArH), 7.34 

(s, 2H, thiazole-5-H), 7.58-8.23 (d, 8H, ArH), 11.31 (s, 2H, NH); 13C-NMR (101 MHz, DMSO)  δ 

14.46, 25.81, 67.69, 102.49, 106.82, 111.40, 114.80, 121.78, 123.68, 125.03, 127.61, 128.94, 

130.67, 130.92, 147.48, 152.55, 154.48, 159.75, 171.06; ms: m/z (%) 752 (M+). Anal. Calcd. 

for C42H36N6O4S2: C, 67.00; H, 4.82; N, 11.16; S, 8.52. Found: C, 66.79; H, 4.63; N, 11.16; S, 

8.41%. 

Synthesis of 3-subestituted-6-(benzo[d]thiazol-2-yl)-7H-[1,2,4]triazolo[3,4-

b][1,3,4]thiadiazine and 3-subestituted-6-(benzofuran-2-yl)-7H-[1,2,4]triazolo[3,4-

b][1,3,4]thiadiazine 15a-d  

A mixture of 1-(benzo[d]thiazol-2-yl)-2-bromoethanone (2a) (1 mmol) or 1-(benzofuran-2-yl)-2-

bromoethanone (2b) (1 mmol) and the appropriate 5-substituted-4-amino-4H-1,2,4-triazole-3-

thiol 14a or 14b (1 mmol) was dissolved in ethanol (20 mL) containing TEA (1 mL). The 
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reaction mixture was heated at reflux for 5-7 h. then left to cool. The obtained solid products 

were filtered off recrystallized from DMF/EtOH to afford the title compounds 15a-d.  

6-(Benzo[d]thiazol-2-yl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazine (15a).    Creamy crystal 

(76% yield), mp. 243-245 oC; IR: (potassium bromide) 3101 (CH Ar), 1550 (C=N) cm-1; 1H-

NMR (400 MHz, DMSO) δ 4.71 (s, 2H, thiadiazin-7-H), 7.61-7.68 (m, 2H, ArH), 8.18-8.26 (m, 

2H, ArH), 9.32 (s, 1H, triazole-3-H); 13C-NMR (126 MHz, DMSO) δ 23.59, 123.37, 124.55, 

127.76, 128.28, 135.76, 141.22, 143.52, 151.26, 152.95, 163.09; ms: m/z (%) 273 (M+). Anal. 

Calcd. for C11H7N5S2: C, 48.34; H, 2.58; N, 25.62; S, 23.46. Found: C, 48.22; H, 2.39; N, 

25.55; S, 23.41%. 

6-(Benzo[d]thiazol-2-yl)-3-phenyl-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazine (15b).    

Creamy crystal (79% yield), mp. 218-220 oC; IR: (potassium bromide) 3055 (CH Ar), 1543 

(C=N) cm-1; 1H-NMR (400 MHz, DMSO) δ 4.70 (s, 2H, thiadiazin-7-H), 7.62-7.67 (m, 5H, ArH), 

8.03-8.05 (m, 2H, ArH), 8.19-8.25 (m, 2H, ArH); ms: m/z (%) 349 (M+). Anal. Calcd. for 

C17H11N5S2: C, 58.43; H, 3.17; N, 20.04; S, 18.35. Found: C, 58.36; H, 3.09; N, 19.97; S, 

18.32%. 

6-(Benzofuran-2-yl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazine (15c).    Creamy crystal (74% 

yield), mp. 223-225 oC; IR: (potassium bromide) 3078 (CH Ar), 1550 (C=N) cm-1; (300 MHz, 

DMSO) δ 4.47 (s, 2H, thiadiazin-7-H), 7.34-7.40 (m, 1H, ArH), 7.49-7.55 (m, 1H, ArH), 7.72 (d, 

1H, ArH, J = 8.1), 7.83 (d, 1H, ArH, J = 7.8), 7.92 (s, 1H, benzofuran-3-H), 9.22 (s, 1H, 

triazole-3-H); ms: m/z (%) 256 (M+). Anal. Calcd. for C12H8N4OS: C, 56.24; H, 3.15; N, 21.86; 

S, 12.51. Found: C, 56.11; H, 3.13; N, 21.73; S, 12.47 %. 

6-(Benzofuran-2-yl)-3-phenyl-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazine (15d).    Creamy 

crystal (76% yield), mp. 241-243 oC; IR: (potassium bromide) 3070 (CH Ar), 1550 (C=N) cm-1; 

1H-NMR (400 MHz, DMSO) δ 4.48 (s, 2H, thiadiazin-7-H), 7.59-7.75 (m, 6H, ArH), 7.93 (s, 1H, 

benzofuran-3-H), 8.02-8.09 (m, 3H, ArH); 13C-NMR (126 MHz, DMSO) δ 22.69, 113.50, 

114.45, 116.76, 125.60, 126.22, 128.45, 129.24, 129.85, 130.82, 130.87, 142.94, 147.02, 

150.39, 152.16, 154.69; ms: m/z (%) 332 (M+). Anal. Calcd. for C18H12N4OS: C, 65.04; H, 3.64; 

N, 16.86; S, 9.65. Found: C, 64.91; H, 3.49; N, 16.75; S, 9.53%. 
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Synthesis bis(6-(benzo[d]thiazol-2-yl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-

yl)alkanes 17a-d and bis(6-(benzofuran-2-yl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-

yl)alkanes 17e-h 

To a solution of 1-(benzo[d]thiazol-2-yl)-2-bromoethanone (2a) (2 mmol) or 1-(benzofuran-2-

yl)-2-bromoethanone (2b) (2 mmol) in ethanol (30 mL) containing TEA (2 mL), the appropriate 

bis(4-amino-5-mercapto-1,2,4-triazol-3-yl)alkanes 16a-d (1 mmol) was added. The reaction 

mixture was heated at reflux for 7-9 h. The obtained solid product upon cooling was filtered off 

and recrystallized from DMF/EtOH to afford the title compounds 17a-h.  

Bis(6-(benzo[d]thiazol-2-yl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)methane (17a).      

Creamy powder (69% yield), mp. 269-271 oC; IR: (potassium bromide) 3055 (CH Ar), 1522 

(C=N) cm-1; 1H-NMR (300 MHz, DMSO) δ 4.65 (s, 4H, thiadiazine-7-H), 4.71(s, 2H, CH2), 7.53-

7.63 (m, 4H, ArH), 8.06 (d, 2H, ArH, J = 7.8), 8.14 (d, 2H, ArH, J = 7.5); 13C-NMR (126 MHz, 

DMSO) δ 21.26, 22.95, 123.14, 124.54, 127.72, 128.25, 135.74, 141.82, 148.96, 150.62, 

152.94, 163.08; ms: m/z (%) 558 (M+). Anal. Calcd. for C23H14N10S4: C, 49.45; H, 2.53; N, 

25.07; S, 22.96. Found: C, 49.36; H, 2.47; N, 25.01; S, 22.92%. 

1,2-Bis(6-(benzo[d]thiazol-2-yl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)ethane 

(17b).     Creamy powder (72% yield), mp. 279-281oC; IR: (potassium bromide) 3063 (CH Ar), 

1535 (C=N) cm-1; 1H-NMR (400 MHz, DMSO) δ 3.47 (s, 4H, CH2), 4.65 (s, 4H, thiadiazine-7-

H), 7.61-7.64 (m, 4H, ArH), 8.11-8.24 (m, 4H, ArH); ms: m/z (%) 572 (M+). Anal. Calcd. for 

C24H16N10S4: C, 50.33; H, 2.82; N, 24.46; S, 22.40. Found: C, 50.26; H, 2.76; N, 24.33; S, 

22.29%. 

1,3-Bis(6-(benzo[d]thiazol-2-yl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)propane 

(17c).      Creamy powder (71% yield), mp. 244-246 oC; IR: (potassium bromide) 3055 (CH Ar), 

1525 (C=N) cm-1; 1H-NMR (400 MHz, DMSO) δ 2.32 (q, 2H, CH2, J = 7.2 Hz), 3.08 (t, 4H, CH2, 

J = 7.2 Hz), 4.61 (s, 4H, thiadiazine-7-H), 7.56-7.62 (m, 4H, ArH), 8.08-8.14 (m, 4H, ArH); ms: 

m/z (%) 586 (M+). Anal. Calcd. for C25H18N10S4: C, 51.18; H, 3.09; N, 23.87; S, 21.86. FoundC, 

51.12; H, 2.96; N, 23.75; S, 21.69%. 

1,4-Bis(6-(benzo[d]thiazol-2-yl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)butane 

(17d).      Creamy powder (77% yield), mp. 253-255 oC; IR: (potassium bromide) 3053 (CH Ar), 
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1535 (C=N) cm-1; 1H-NMR (300 MHz, DMSO) δ 1.91 (br. s, 4H, CH2), 2.98 (br. s, 4H, CH2), 

4.61 (s, 4H, thiadiazine-7-H), 7.55-7.61 (m, 4H, ArH), 8.09-8.14 (m, 4H, ArH); ms: m/z (%) 600 

(M+). Anal. Calcd. for C26H20N10S4: C, 51.98; H, 3.36; N, 23.31; S, 21.35. Found: C, 51.87; H, 

3.29; N, 23.19; S, 21.22%. 

Bis(6-(benzofuran-2-yl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)methane (17e).      

Creamy powder (69% yield), mp. 265-267 oC; IR: (potassium bromide) 3032(CH Ar), 1558 

(C=N) cm-1; 1H-NMR (300 MHz, DMSO) δ 4.43 (s, 4H, thiadiazine-7-H), 4.66 (s, 2H, CH2), 7.33 

(t, 2H, ArH, J = 7.5), 7.46 (t, 2H, ArH, J = 7.5), 7.63 (d, 2H, ArH, J = 8.4), 7.75 (d, 2H, ArH, J = 

7.5), 7.88 (s, 2H, benzofuran-3-H); 13C-NMR (75 MHz, DMSO) δ 20.79, 22.56, 111.73, 113.96, 

122.76, 124.06, 127.15, 127.94, 140.91, 145.88, 148.56, 148.92, 155.39;ms: m/z (%) 524 (M+). 

Anal. Calcd. for C25H16N8O2S2: C, 57.24; H, 3.07; N, 21.36; S, 12.23. Found: C, 57.19; H, 2.96; 

N, 21.27; S, 12.18%. 

1,2-Bis(6-(benzofuran-2-yl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)ethane (17f).     

Creamy powder (73% yield), mp. 261-263 oC; IR: (potassium bromide) 3023 (CH Ar), 1527 

(C=N) cm-1; 1H-NMR (300 MHz, DMSO) δ 3.43 (s, 4H, CH2), 4.35 (s, 4H, thiadiazine-7-H), 7.35 

(t, 2H, ArH, J = 8.1), 7.47 (t, 2H, ArH, J = 8.1), 7.66 (d, 2H, ArH, J = 8.4), 7.79 (d, 2H, ArH, J = 

7.5), 7.89 (s, 2H, benzofuran-3-H); 13C-NMR (126 MHz, DMSO) δ 21.92, 22.94, 112.25, 

114.42, 123.18, 124.47, 127.63, 128.33, 140.89, 146.18, 149.09, 152.74, 155.88; ms: m/z (%) 

538 (M+). Anal. Calcd. for C26H18N8O2S2: C, 57.98; H, 3.37; N, 20.80; S, 11.91. Found: C, 

57.87; H, 3.26; N, 20.69; S, 11.87%. 

1,3-Bis(6-(benzofuran-2-yl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)propane (17g).      

Creamy powder (71% yield), mp. 240-242 oC; IR: (potassium bromide) 3103(CH Ar), 1535 

(C=N) cm-1; 1H-NMR (300 MHz, DMSO) δ 2.32-2.34 (m, 2H, CH2), 3.06 (t, 4H, CH2, J = 7.2 

Hz), 4.38 (s, 4H, thiadiazine-7-H), 7.33-7.38 (m, 2H, ArH), 7.46-7.52 (m, 2H, ArH), 7.71 (d, 2H, 

ArH, J = 8.1), 7.79 (d, 2H, ArH, J = 8.1), 7.86 (s, 2H, benzofuran-3-H);  ms: m/z (%) 552 (M+). 

Anal. Calcd. for C27H20N8O2S2: C, 58.68; H, 3.65; N, 20.28; S, 11.60. Found: C, 58.55; H, 3.54; 

N, 20.21; S, 11.47%. 

1,4-Bis(6-(benzofuran-2-yl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)butane (17h).      

Creamy powder (76% yield), mp. 258-260 oC; IR: (potassium bromide) 3078 (CH Ar), 1558 
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(C=N) cm-1; 1H-NMR (400 MHz, DMSO) δ 1.89 (br. s, 4H, CH2), 2.96 (br. s, 4H, CH2), 4.39 (s, 

4H, thiadiazine-7-H), 7.58-7.84 (m, 8H, ArH), 8.03 (s, 2H, benzofuran-3-H); ms: m/z (%) 566 

(M+). Anal. Calcd. for C28H22N8O2S2: C, 59.35; H, 3.91; N, 19.77; S, 11.32. Found: C, 59.23; H, 

3.78; N, 19.63; S, 11.28%. 
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