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A new series of benzimidazole-1,2,4-thiadiazole-benzamide hybrids (7a-l) was synthesized and characterized. The synthesized hybrids 

were evaluated for anticancer activity against two breast cancer cell lines, MCF-7 and MDA-MB-231, using the MTT assay, with Erlotinib 

as the reference drug. The results revealed that hybrid 7i exhibited more potent activity against both tested cancer cell lines than the 

standard drug Erlotinib. The other three hybrids, 7j, 7k and 7l, displayed activity values close to that of the standard drug. Based on these 

findings, hybrids 7i, 7j, 7k and 7l were further evaluated for tyrosine kinase EGFR inhibitory activity using Erlotinib as the reference 

drug. Hybrids 7i and 7j exhibited higher EGFR inhibitory activity than erlotinib. Molecular docking studies of the potent hybrids with 

the EGFR receptor supported the biological results, with hybrids 7i and 7l exhibiting strong interactions with the EGFR protein and 

superior binding affinities compared with erlotinib. The combined anticancer, EGFR inhibitory and docking results identify hybrid 7i as 

the most promising hybrid, while hybrids 7j and 7l represent potential EGFR-targeting anticancer candidates. 
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INTRODUCTION 

 Benzimidazole, 1,2,4-thiadiazole and benzamide are the 

key pharmacophores in medicinal chemistry, each associated 

with diverse biological activities. Benzimidazole has attracted 

particular attention owing to its structural resemblance to nucl-

eotides present in biological systems and its cytotoxic activity 

against several cancer types [1-4]. Several benzimidazole-

based compounds acting as tubulin-binding site inhibitors have 

undergone preclinical and clinical investigations for cancer 

treatment [5-8]. Their incorporation with other biologically 

relevant pharmacophores offers a rational strategy for deve-

loping new anticancer agents. 

 The benzamide moiety is widely encountered in natur-

ally occurring pharmaceutically active compounds and con-

stitutes an important structural element in numerous drugs and 

biologically active cyclic systems [9-12]. Medicinal chem-

istry analyses indicate that one or more amide bonds are 

present in nearly 25% of natural and synthetic pharmaceu-

ticals [13-16]. The favourable biological compatibility and 

hydrogen bonding properties of amide groups have supported 
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the development of amide-containing compounds as potential 

anticancer agents. 

 Thiadiazoles are five-membered sulphur- and nitrogen-

containing heterocycles comprising four isomers viz. 1,2,3-

thiadiazole, 1,2,4-thiadiazole, 1,2,5-thiadiazole and 1,3,4-

thiadiazole [17]. Their bioisosteric relationship to pyrimidine 

and oxadiazole contributes to diverse pharmacological activi-

ties, for example, antiviral, antibacterial, antifungal, antipara-

sitic, anti-inflammatory and antitumour effects. Their mesoionic 

character favours membrane permeability, while the sulphur 

atom enhances lipophilicity. Clinically used thiadiazole con-

taining drugs include acetazolamide, cefazedone, cefazolin 

sodium and methazolamide are already available in the 

market. 

 Cancer is a multifactorial disease involving complex inter-

actions among environmental, genetic and epigenetic factors 

that regulate tumour development. It remains a major cause 

of mortality worldwide, accounting for approximately 8.8 

million deaths according to the 2015 WHO assessment, with 

nearly 70% occurring in low- and middle-income countries 

[18-22]. The continuing cancer burden supports the develop-
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ment of structurally diverse compounds with defined mole-

cular targets. 

 The established biological relevance of benzimidazole, 

1,2,4-thiadiazole and amide pharmacophores provides a basis 

for their molecular hybridization. In this work, these 

pharmacophores were integrated to design novel conjugates 

with potential EGFR inhibitory activity (Fig. 1). The synthe-

sized compounds were evaluated for in vitro anticancer 

activity, followed by EGFR inhibition studies on the active 

derivatives. Potent compounds were subjected to in silico 

molecular docking studies to characterize their interactions 

with the EGFR binding site and rationalize their biological 

activity [23,24]. 

EXPERIMENTAL 

 Laboratory grade chemicals were purchased from the 

Sigma-Aldrich Company. Merck silica gel plates are having 

a mesh size of 60-120 for column chromatography and pre-

coating 60F254 for TLC. The compounds melting points were 

ascertained by using the Casia-Siamia (VMP-AM) melting 

point equipment. Using a Bruker 100 MHz spectrometer, 13C 

NMR spectra were acquired with DMSO as the solvent and 

TMS as the reference. Spectrometer Varian Gemini 400 MHz 

was used to acquire 1H NMR spectra. A Shimadzu QP5050A 

quadrupole mass spectrometer was used to find the EI mass 

spectra (at an ionizing voltage of 70 eV). 

 Synthesis of 3-(1H-benzo[d]imidazol-1-yl)propane nitrile 

(3): In a clean round-bottom flask, benzimidazole (1, 5.0 g, 

43 mmol) was dissolved in acetonitrile (20 mL) and stirred 

for 10 min at room temperature followed by the addition of 

K2CO3 (8.76 g, 64 mmol) and the mixture was stirred for a 

further 30 min. 3-Bromopropanenitrile (2, 5.66 g, 43 mmol) 

was then added dropwise and the reaction mixture was refl-

uxed for 2 h. Reaction progress was monitored by TLC. After 

completion, the mixture was diluted with water (20 mL) and 

extracted with ethyl acetate (2 × 20 mL). The combined 

organic layers were washed with brine, filtered, concentrated 

under reduced pressure and then dried over anhydrous Na2SO4. 

 Synthesis of 3-(2-(1H-benzo[d]imidazol-1-yl)ethyl)-

1,2,4-thiadiazol-5-amine (5): 3-(1H-Benzo[d]imidazol-1-yl)- 

propane nitrile (3, 1.2g, 48 mmol), AlCl3 (0.64 g, 48 mmol) 

and n-butyl acetate (10 mL) were added to a clean 100 mL 

round bottom flask and the reaction mixture was stirred at 

room temperature for 20 min. Thiourea (4, 57 mmol, 0.43 g) 

was then added portion-wise to the reaction mixture, which 

was heated at 70 ºC for 6 h. The reaction mixture was cooled 

to room temperature and water (0.5 mL) and iodine (12 mmol, 

0.30 g) were added. The reaction mixture was then stirred for 

24 h at room temperature. The progress of the reaction was 

monitored by TLC. After completion, the reaction was quenc-

hed with a saturated solution of Na2S2O3. The reaction mixture 

was extracted with water and ethyl acetate (3 × 10 mL). The 

combined organic layers were dried over anhydrous Na2SO4, 

concentrated and purified by column chromatography on silica 

gel using petroleum ether/EtOAc as the eluent. 

 General synthesis of benzimidazole-1,2,4-thiadiazole-

benzamide hybrids (7a-l): In a clean round-bottom flask, a 

 

 

Fig. 1. Pharmacophore hybridization of benzimidazole-1,2,4-thiadiazole benzamide hybrids (7a-l) 
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mixture of 3-(2-(1H-benzo[d]imidazol-1-yl)ethyl)-1,2,4-thia-

diazol-5-amine (5, 38 mmol, 0.90 g), benzoic acid (6a, 38 mmol, 

0.46 g), EDCI (36 mmol, 0.72 g) and HOBt (34 mmol, 0.51 g) 

was dissolved in 20 mL of dry dichloromethane and stirred at 

room temperature for 6 h. The progress of the reaction was 

monitored by TLC. After completion, the reaction mixture was 

diluted with dichloromethane and washed with a saturated solu-

tion of NaHCO3, filtered, the organic layer was concentrated 

under vacuum dried over anhydrous Na2SO4 (Scheme-I) The 

crude product was purified by column chromatography using 

ethyl acetate/hexane (4:6) as an eluent to give the correspon-

ding pure product. 

 The remaining hybrids were synthesized by following 

the same procedure (7b-l).  

 N-(3-(2-(1H-Benzo[d]imidazol-1-yl)ethyl)-1,2,4-thiadi-

azol-5-yl)benzamide (7a): Light brown solid; yield: 79%; 

m.p.: 217-219 ºC; 1H NMR (400 MHz, DMSO-d6,  ppm): 

11.20 (s, 1H), 8.10 (s, 1H), 7.89-7.81 (m, 4H), 7.63-7.56 (m, 

5H), 4.17 (t, J = 3.8 Hz, 2H, -CH2-), 3.40 (t, J = 3.8 Hz, 2H, 

-CH2-); 13C NMR (100 MHz, DMSO-d6,  ppm): 171.4, 

167.2, 163.5, 149.2, 144.3, 137.4, 136.5, 133.4, 131.5, 130.2, 

125.4, 124.6, 121.4, 112.3, 44.5, 28.4; MS (ESI): m/z 350 

[M+H]+; Anal. calcd. (found) % for C18H15N5OS: C, 61.87 

(61.85); H, 4.33 (4.31); N, 20.04 (20.02). 

 N-(3-(2-(1H-Benzo[d]imidazol-1-yl)ethyl)-1,2,4-thiadi-

azol-5-yl)-4-methylbenzamide (7b): Light white solid; yield: 

81%; m.p.: 221-223 ºC; 1H NMR (400 MHz, DMSO-d6,  

ppm): 11.19 (s, 1H), 8.07 (s, 1H), 7.86-7.78 (m, 4H), 7.61 (d, 

2H, J = 4.8 Hz), 7.54 (d, 2H, J = 4.6 Hz), 4.15 (t, J = 3.4 Hz, 

2H, -CH2-), 3.37 (t, J = 3.3 Hz, 2H, -CH2-), 2.40 (s, 3H); 13C 

NMR (100 MHz, DMSO-d6,  ppm): 171.0, 169.2, 163.5, 

149.4, 143.5, 142.4, 136.5, 134.3, 131.2, 130.4, 125.6, 124.1, 

121.1, 112.1, 44.2, 28.1, 23.5; MS (ESI): m/z 364 [M+H]+; 

Anal. calcd. (found) % for C19H17N5OS: C, 62.79 (62.75); H, 

4.71 (4.70); N, 19.27 (19.26). 

 N-(3-(2-(1H-Benzo[d]imidazol-1-yl)ethyl)-1,2,4-thiadi-

azol-5-yl)-3-methylbenzamide (7c): Whitish solid; yield: 

77%; m.p.: 227-229 ºC; 1H NMR (400 MHz, DMSO-d6,  

ppm): 11.21 (s, 1H), 8.09 (s, 1H), 7.90-7.83 (m, 4H), 7.64-

7.57 (m, 3H), 7.46 (s, 1H), 4.19 (t, J = 3.7 Hz, 2H, -CH2-), 

3.42 (t, J = 3.6 Hz, 2H, -CH2-), 2.42 (s, 3H); 13C NMR (100 

MHz, DMSO-d6,  ppm): 170.4, 166.2, 163.4, 148.4, 141.3, 

140.6, 136.4, 135.4, 133.5, 130.3, 129.5, 128.6, 124.6, 124.5, 

123.1, 121.5, 112.6, 44.6, 28.3, 23.8; MS (ESI): m/z 364 

[M+H]+; Anal. calcd. (found) % for C19H17N5OS: C, 62.79 

(62.77); H, 4.71 (4.69); N, 19.27 (19.25). 

 N-(3-(2-(1H-Benzo[d]imidazol-1-yl)ethyl)-1,2,4-thiadi-

azol-5-yl)-3,5-dimethylbenzamide (7d): Light brown solid; 

yield: 82%; m.p.: 217-219 ºC; 1H NMR (400 MHz, DMSO-

d6,  ppm): 11.14 (s, 1H), 8.06 (s, 1H), 7.84-7.76 (m, 4H), 

7.59 (s, 2H), 7.52 (s, 1H), 4.18 (t, J = 3.8 Hz, 2H, -CH2-), 

3.42 (t, J = 3.7 Hz, 2H, -CH2-), 2.38 (s, 6H); 13C NMR (100 

MHz, DMSO-d6,  ppm): 170.6, 168.7, 163.3, 149.8, 142.6, 

140.1, 137.4, 136.6, 135.6, 129.3, 126.2, 124.2, 120.8, 118.8, 

44.2, 27.9, 23.2; MS (ESI): m/z 378 [M+H]+; Anal. calcd. 

(found) % for C20H19N5OS: C, 63.64 (63.63); H, 5.07 (5.05); 

N, 18.55 (18.54). 

 N-(3-(2-(1H-Benzo[d]imidazol-1-yl)ethyl)-1,2,4-thiadi-

azol-5-yl)-4-methoxybenzamide (7e): Light cream solid; 

yield: 86%; m.p.: 204-206 ºC; 1H NMR (400 MHz, DMSO-

d6,  ppm): 11.06 (s, 1H), 7.98 (s, 1H), 7.76-7.69 (m, 4H), 

7.53 (d, 2H, J = 5.8 Hz), 7.44 (d, 2H, J = 5.7 Hz), 4.10 (t, J 

= 3.4 Hz, 2H, -CH2-), 3.93 (s, 3H), 3.39 (t, J = 3.4 Hz, 2H, -

CH2-); 13C NMR (100 MHz, DMSO-d6,  ppm): 169.5, 166.5, 

 

 

Scheme-I: Synthesis of benzimidazolo-1,2,4-thiadiazolo-benzamide hybrids (7a-l) 
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163.5, 162.4, 149.2, 143.2, 136.3, 130.3, 129.4, 125.1, 123.1, 

120.3, 114.5, 112.1, 58.4, 43.3, 27.8; MS (ESI): m/z 380 

[M+H]+; Anal. calcd. (found) % for C19H17N5O2S: C, 60.14 

(60.13); H, 4.52 (4.50); N, 18.46 (18.45).  

 N-(3-(2-(1H-Benzo[d]imidazol-1-yl)ethyl)-1,2,4-thiadi-

azol-5-yl)-3,5-dimethoxy benzamide (7f): Light brown solid; 

yield: 88%; m.p.: 208-210 ºC; 1H NMR (400 MHz, DMSO-

d6,  ppm): 11.04 (s, 1H), 7.97 (s, 1H), 7.74-7.67 (m, 4H), 7.52 

(s, 2H), 7.42 (s, 1H), 4.08 (t, J = 3.2 Hz, 2H, -CH2-), 3.40 (t, J = 

3.1 Hz, 2H, -CH2-), 3.90 (s, 6H); 13C NMR (100 MHz, DMSO-

d6,  ppm): 169.3, 166.2, 162.8, 161.3, 149.7, 143.1, 137.4, 

136.2, 125.3, 123.6, 119.5, 111.6, 109.4, 107.4, 57.6, 43.9, 

28.3; MS (ESI): m/z 410 [M+H]+; Anal. calcd. (found) % for 

C20H19N5O3S: C, 58.67 (58.65); H, 4.68 (4.66); N, 17.10 (17.08). 

 N-(3-(2-(1H-Benzo[d]imidazol-1-yl)ethyl)-1,2,4-thiadi-

azol-5-yl)-3-methoxybenzamide (7g): Whitish solid; yield: 

84%; m.p.: 214-216 ºC; 1H NMR (400 MHz, DMSO-d6,  

ppm): 11.09 (s, 1H), 8.06 (s, 1H), 7.79-7.72 (m, 4H), 7.54-

7.46 (m, 3H), 7.42 (s, 1H), 4.14 (t, J = 3.4 Hz, 2H, -CH2-), 

3.39 (t, J = 3.3 Hz, 2H, -CH2-), 3.94 (s, 3H); 13C NMR (100 

MHz, DMSO-d6,  ppm): 170.6, 167.5, 163.2, 161.5, 149.5, 

144.6, 137.3, 136.3, 129.4, 125.2, 123.3, 122.2, 120.5, 117.2, 

116.5, 112.4, 58.4, 43.7, 28.3; MS (ESI): m/z 380 [M+H]+; 

Anal. calcd. (found) % for C19H17N5O2S: C, 60.14 (60.12); H, 

4.52 (4.49); N, 18.46 (18.44). 

 N-(3-(2-(1H-Benzo[d]imidazol-1-yl)ethyl)-1,2,4-thiadi-

azol-5-yl)-4-cyanobenzamide (7h): Light white solid; yield: 

74%; m.p.: 227-229 ºC; 1H NMR (400 MHz, DMSO-d6,  

ppm): 11.15 (s, 1H), 8.10 (s, 1H), 7.96 (d, 2H, J = 5.4 Hz), 7.89-

7.81 (m, 4H), 7.68 (d, 2H, J = 5.4 Hz), 4.22 (t, J = 4.4 Hz, 

2H, -CH2-), 3.45 (t, J = 4.4 Hz, 2H, -CH2-); 13C NMR (100 

MHz, DMSO-d6,  ppm): 172.1, 168.4, 163.5, 149.7, 144.2, 

141.2, 136.5, 134.3, 132.4, 125.3, 124.0, 121.4, 121.0, 117.5, 

113.3, 44.7, 28.7; MS (ESI): m/z 375 [M+H]+; Anal. calcd. 

(found) % for C19H14N6OS: C, 60.95 (60.93); H, 3.77 (3.75); 

N, 22.45 (22.44). 

 N-(3-(2-(1H-Benzo[d]imidazol-1-yl)ethyl)-1,2,4-thiadi-

azol-5-yl)-4-nitrobenzamide (7i): Light yellow solid; yield: 

64%; m.p.: 211-213 ºC; 1H NMR (400 MHz, DMSO-d6,  

ppm): 11.30 (s, 1H), 8.41 (d, 2H, J = 6.2 Hz), 8.23 (d, 2H, J 

= 6.2 Hz), 8.14 (s,1H), 7.93-7.86 (m, 4H), 4.30 (t, J = 5.1 Hz, 

2H, -CH2-), 3.41 (t, J = 5.0 Hz, 2H, -CH2-); 13C NMR (100 

MHz, DMSO-d6,  ppm): 172.9, 169.4, 164.5, 152.4, 150.5, 

143.5, 141.6, 136.4, 132.7, 127.2, 125.4, 124.5, 122.5, 113.5, 

45.5, 28.6; MS (ESI): m/z 395 [M+H]+; Anal. calcd. (found) % 

for C18H14N6O3S: C, 54.82 (54.80); H, 3.58 (3.56); N, 21.31 

(21.30).  

 N-(3-(2-(1H-Benzo[d]imidazol-1-yl)ethyl)-1,2,4-thiadi-

azol-5-yl)-3-nitrobenzamide (7j): Light yellow solid; yield: 

61%; m.p.: 226-228 ºC; 1H NMR (400 MHz, DMSO-d6,  

ppm): 11.37 (s, 1H), 8.82 (s, 1H), 8.24-8.19 (m, 3H), 8.12 (s, 

1H), 7.89-7.82 (m, 4H), 4.32 (t, J = 5.4 Hz, 2H, -CH2-), 3.43 

(t, J = 5.4 Hz, 2H, -CH2-); 13C NMR (100 MHz, DMSO-d6, 

 ppm): 173.2, 169.7, 164.6, 151.4, 149.5, 143.4, 139.5, 

136.6, 135.3, 131.5, 129.7, 126.6, 125.3, 124.1, 121.3, 114.2, 

46.2, 28.7; MS (ESI): m/z 395 [M+H]+; Anal. calcd. 

(found) % for C18H14N6O3S: C, 54.82 (54.81); H, 3.58 (3.55); 

N, 21.31 (21.28). 

 N-(3-(2-(1H-Benzo[d]imidazol-1-yl)ethyl)-1,2,4-thiadi-

azol-5-yl)-4-fluorobenzamide (7k): Brown solid; yield: 

65%; m.p.: 215-217 ºC; 1H NMR (400 MHz, DMSO-d6,  

ppm): 11.19 (s, 1H), 8.05 (s, 1H), 7.89 (d, 2H, J = 7.8 Hz), 

7.82-7.76 (m, 4H), 7.64 (d, 2H, J = 7.7 Hz), 4.27 (t, J = 4.2 

Hz, 2H, -CH2-), 3.36 (t, J = 4.2 Hz, 2H, -CH2-); 13C NMR 

(100 MHz, DMSO-d6,  ppm): 169.4, 168.3, 166.4, 164.2, 

163.4, 149.2, 143.4, 136.2, 132.3, 131.4, 125.5, 123.4, 120.2, 

117.5, 116.2, 115.3, 114.7, 112.2, 44.2, 27.5; MS (ESI): m/z 

368 [M+H]+; Anal. calcd. (found) % for C18H14FN5OS: C, 

58.85 (58.83); H, 3.84 (3.82); N, 19.06 (19.05).  

 N-(3-(2-(1H-Benzo[d]imidazol-1-yl)ethyl)-1,2,4-thiadi-

azol-5-yl)-4-chlorobenzamide (7l): White solid; yield: 

67%; m.p.: 220-222 ºC; 1H NMR (400 MHz, DMSO-d6,  

ppm): 11.17 (s, 1H), 8.04 (s, 1H), 7.82 (d, 2H, J = 6.4 Hz), 

7.76-7.69 (m, 4H), 7.62 (d, 2H, J = 6.3 Hz), 4.31 (t, J = 3.9 

Hz, 2H, -CH2-), 3.38 (t, J = 4.0 Hz, 2H, -CH2-); 13C NMR 

(100 MHz, DMSO-d6,  ppm): 169.1, 167.8, 166.1, 163.2, 

148.7, 143.2, 135.9, 132.1, 130.8, 125.2, 123.1, 119.8, 117.2, 

111.8, 45.2, 28.2; MS (ESI): m/z 384 [M+H]+, 386 [M+2]; 

Anal. calcd. (found) % for C18H14ClN5OS: C, 56.32 (56.30); 

H, 3.68 (3.67); N, 18.25 (18.23). 

 MTT assay:  In vitro anticancer activity was tested using 

MTT colorimetric assay as per ATCC protocol. Cell lines that 

were used for testing in vitro cytotoxicity included MCF-7 and 

MDA-MB-231 Cell lines were maintained at 37 ºC in a humi-

dified 5% CO2 incubator using suitable media prescribed in 

NCCS Protocol. Decontaminated flasks were incubated for 

subculture. Cells were passed by 12 numbers. After getting 

70% confluence; from culture flasks take 100 L cell suspen-

sion and make a cell count using haemocytometer and found 

5000-6000 per well in a 96-well plate. Cell suspension was 

mixed thoroughly by pip petting several times to get a unif-

orm single cell suspension. Different dilutions of drugs solu-

tions 3, 10, 30, 100 M were prepared in media with final 

0.5% DMSO. Cell suspension (100 L) was aseptically disp-

ensed into each well of a 96-well plate, followed by 100 L of 

drug solution in culture medium in quadruplicate. The plate 

was incubated at 37 ºC in a CO2 incubator. After 48 h, 20 L 

of MTT solution was added to each well and incubated for a 

further 2 h. Subsequently, 80 L of analysis buffer was added, 

and the plate was wrapped in aluminium foil to protect the dye 

from oxidation and placed on a shaker for 30 min. The absor-

bance was recorded on the ELISA reader (Biotech EL × 800) 

at 570 nm wavelength. The % inhibition was calculated by 

following formula:  

  
Control ODs Test ODs

Inhibiti 100
Control ODs

on (%)
−

=   

RESULTS AND DISCUSSION 

 The synthesis of target hybrids 7a-l is outlined in Scheme-

I. Benzimidazole (1) was treated with 3-bromopropanenitrile 

(2) in acetonitrile using K2CO3 as the base under reflux for 2 h 

to afford 3-(1H-benzo[d]imidazol-1-yl)propanenitrile (3). The 

nitrile intermediate 3 was subsequently reacted with thiourea 

(4) and AlCl3 in n-butyl acetate, followed by the addition of 
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molecular iodine, and heated at 70 ºC for 6 h to furnish 3-(2-

(1H-benzo[d]imidazol-1-yl)ethyl)-1,2,4-thiadiazol-5-amine (5). 

The target hybrids 7a-l were synthesized by coupling amine 

5 with the corresponding aromatic carboxylic acids (6a-l) in 

dichloromethane using EDCI and HOBt as coupling agents 

for 6 h at room temperature, affording the desired products in 

moderate to good yields. 

 The structures of the synthesized hybrids were estab-

lished by 1H NMR, 13C NMR and mass spectrometry. The 1H 

NMR spectrum of 7a exhibited a singlet at  11.20 ppm and 

two multiplets at  7.89-7.81 and 7.63-7.56 ppm in the arom-

atic region. The methylene protons appeared as triplets at δ 

4.17 and 3.40 ppm. In the 13C NMR spectrum, signals at δ 

163.5 and 171.4 ppm were assigned to the carbons of the 

1,2,4-thiadiazole ring, while the signal at δ 167.2 ppm corres-

ponded to the amide carbonyl carbon. The mass spectrum dis-

played a molecular ion peak at m/z 350 [M + H]+, consistent 

with the proposed structure of compound 7a. 

 Mechanism: The synthesis proceeds through activation 

of the nitrile group of N-(2-cyanoethyl)benzimidazole (1) by 

AlCl3, which increases the electrophilicity of the nitrile carbon. 

Thiosemicarbazide attacks the activated nitrile, followed by 

proton transfer to afford intermediate 3. Hydrolysis with H2O 

removes aluminium coordination and gives thiosemicarbazide 

derivative 4. Treatment with I2/HI promotes oxidative intra-

molecular cyclization through the sulfur-containing func-

tionality, forming the five-membered 1,2,4-thiadiazole ring. 

Dehydrogenation and aromatization furnish intermediate 5, 

followed by isolation of amino-substituted benzimidazole–

1,2,4-thiadiazole intermediate 6. Its amino group provides the 

reactive site for subsequent benzamide formation, affording 

hybrids 7a-l. The sequence converts thiosemicarbazide func-

tionality into a rigid heteroaromatic scaffold (Scheme-II). 

 Anti-breast cancer activity: The synthesized compo-

unds were assessed for their anticancer activity against two 

human breast cancer cell lines MCF-7 and MDA-MB-231 

using the MTT assay. The obtained results were compared 

with standard drug erlotinib. The anticancer results indicate 

that hybrids 7a-l displayed moderate to strong cytotoxicity 

activity with IC50 values ranging from 9.10 ± 0.10 M to 48.23 

± 0.12 M, while the standard drug has IC50 values ranging 

from 10 ± 0.12 M to 12.06 ± 0.23 M. Hybrid 7i (MCF-7 = 

9.30 ± 0.12 and MDA-MB-231 = 9.10 ± 0.10 M) displayed 

higher activity as compared to standard drug hybrid and 7j 

(MCF-7 = 11.24 ± 0.21 and MDA-MB-231 = 13.08 ± 0.16 µM), 

hybrid 7k (MCF-7 = 13.10 ± 0.30 and MDA-MB-231 = 12.10 

± 0.15 µM) and hybrid 7l (MCF-7 = 14.06 ± 0.12 and MDA-

MB-231 = 15.20 ± 0.14 M) displayed nearer activity as com-

pare to standard erlotinib drug (Table-1).  

 
TABLE-1 

ANTI-BREAST ACTIVITY DATA OF 

SYNTHESIZED HYBRIDS (7a-l) WITH IC50 IN M 

Hybrids [b]MCF-7 
[c]MDA-MB-

231 
[d]MCF-10A 

7a 45.14 ± 0.04 48.23 ± 0.12 Not tested 

7b 42.20 ± 0.10 44.10 ± 0.14 Not tested 

7c 40.02 ± 0.06 47.16 ± 0.10 Not tested 

7d 38.50 ± 0.10 45.12 ± 0.15 Not tested 

7e 32.15 ± 0.07 39.14 ± 0.02 Not tested 

7f 34.20 ± 0.17 37.04 ± 0.26 Not tested 

7g 29.10 ± 0.08 38.05 ± 0.10 Not tested 

7h 18.14 ± 0.13 17.20 ± 0.06 Not tested 

7i 9.30 ± 0.12 9.10 ± 0.10 96.20 ± 0.15 

7j 11.24 ± 0.21 13.08 ± 0.16 92.10 ± 0.14 

7k 13.10 ± 0.30 12.10 ± 0.15 92.20 ± 0.06 

7l 14.06 ± 0.12 15.20 ± 0.14 94.02 ± 0.12 

Erlotinib 10.00 ± 0.12 12.06 ± 0.23 97.45 ± 0.10 
[a]IC50 after 26 h of incubation, data are represented as mean ± SD 

from three different experiments performed in triplicates. [b]MCF-7: 

human breast cancer cell line. [c]MDA-MB-231: human breast 

cancer cell line. [c]MCF-10A: Normal breast cancer cell line. 

 

 

Scheme-II  
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 SAR analysis: The structure–activity relationship (SAR) 

analysis established a clear influence of the electronic nature 

and substitution pattern of the phenyl ring on the anticancer 

activity of hybrids 7a–l. Among the electron-withdrawing 

substituents, hybrid 7i, bearing a strong 4-NO₂ group, exhi-

bited the highest anticancer activity and was more potent than 

Erlotinib. The 3-NO2 analogue 7j showed slightly lower 

activity than 7i. Replacement of the nitro group with 4-F in 

7k resulted in a further decrease in activity, while the 4-Cl 

analogue 7l displayed lower activity than the other electron-

withdrawing derivatives. The 4-CN derivative 7h retained 

better activity than the halogen-substituted hybrids. These 

results indicate that the strong electron-withdrawing nitro group, 

particularly at the para position, favours anticancer activity 

within this series. 

 The electron-donating derivatives exhibited a different 

activity profile. Hybrid 7f, bearing methoxy groups at the 

3- and 5-positions, showed lower activity than standard erlo-

tinib, while the 4-methoxy analogue 7e and 3-methoxy anal-

ogue 7g were less active than the nitro-substituted hybrids. 

The weak electron-donating substituents in 7b-d, irrespective 

of their position on the phenyl ring, resulted in markedly 

reduced activity. Unsubstituted hybrid 7a displayed the lowest 

activity among the series. The SAR profile places 7i–l among 

the most active derivatives and supports further evaluation of 

these compounds. Their cytotoxicity toward normal MCF-

10A cells was assessed to examine selectivity. Hybrids 7i, 7j, 

7k and 7l exhibited IC50 values >97.45 M, which indicate 

low cytotoxicity toward the normal cell line. 

 in vitro Tyrosine kinase EGFR inhibitory activity: The 

potent hybrids 7i–l were further evaluated for in vitro tyrosine 

kinase EGFR inhibitory activity, with erlotinib as the reference 

drug. Hybrids 7i and 7j exhibited IC50 values of 0.96 ± 0.02 

and 0.99 ± 0.02 M, respectively, compared with 1.26 ± 0.08 

M for erlotinib, establishing their higher EGFR inhibitory 

potency. Hybrids 7k and 7l showed IC50 values of 1.56 ± 0.03 

and 1.39 ± 0.08 M, respectively, and were less potent than the 

reference drug. The stronger EGFR inhibition observed for the 

nitro-substituted hybrids 7i and 7j is consistent with their cellular 

anticancer activity and supports EGFR inhibition as a plausible 

contributor to their activity. 

 Molecular docking studies: Molecular docking studies 

were performed for hybrids 7i–l against the EGFR (PDB ID: 

1MI7) to rationalize their inhibitory profiles. Hybrid 7l exhi-

bited the most favourable binding energy (-9.06 kcal/mol) with 

an inhibition constant of 227.97 nM, forming a hydrogen bond 

with MET769 at a distance of 1.87 Å. Hybrid 7i showed a 

comparable binding energy of -8.96 kcal/mol and an inhibi-

tion constant of 272.13 nM. No hydrogen-bond interaction 

was observed for 7i, with hydrophobic and van der Waals 

interactions likely contributing to its favourable binding 

(Table-2). 

 Hybrid 7k exhibited a binding energy of -8.59 kcal/mol 

and an inhibition constant of 505.18 nM, with a hydrogen 

bond involving LYS721 at 1.83 Å. Hybrid 7j showed a weaker 

binding energy of -7.82 kcal/mol and an inhibition constant 

of 1.84 M, forming a hydrogen bond with ASP831 at 1.74 Å. 

Erlotinib displayed a binding energy of -5.95 kcal/mol and an 

inhibition constant of 43.64 M, despite forming three hyd-

rogen bonds with LYS721, MET769 and ARG817. The docking 

results identify 7l and 7i as the strongest predicted EGFR 

binders, in agreement with their favourable calculated binding 

energies. When considered with the cellular and EGFR inhi-

bition data, 7i emerges as the most consistent lead, while 7l 

require further investigation based on its highly favourable 

predicted EGFR binding (Fig. 2). 

Conclusion 

 The benzimidazole-1,2,4-thiadiazole-benzamide hybrids 

(7a-l) were synthesized and evaluated for anticancer activity 

against MCF-7 and MDA-MB-231 breast cancer cell lines. 

Hybrid 7i exhibited the highest anticancer activity in the 

series and was more potent than the reference drug erlotinib, 

while compounds 7j, 7k and 7l showed activities close to that 

of erlotinib. Hybrids 7i and 7j displayed stronger EGFR 

tyrosine kinase inhibition than erlotinib. Molecular docking 

studies of 7i-l revealed favourable interactions with EGFR, 

with 7i and 7l exhibiting particularly strong predicted binding 

affinities. The combined anticancer, EGFR inhibition and 

docking results identify 7i as the most promising hybrid of 

the series and support further investigation of these comp-

ounds as potential EGFR-targeted anticancer agents. 
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TABLE-2 

MOLECULAR DOCKING INTERACTION PARAMETERS OF COMPOUNDS 7i, 7j, 7k AND 7l  

WITH THE EPIDERMAL GROWTH FACTOR RECEPTOR (PDB ID: 1MI7) 

Compound 
Binding energy 

(kcal/mol) 
Inhibition constant 

Number of 

hydrogen bonds 

Residues involved in hydrogen  

bonding (bond length in Å) 

7i -8.96 272.13 nM – – 

7j -7.82 1.84 M 1 ASP831 (1.74) 

7k -8.59 505.18 nM 1 LYS721 (1.83) 

7l -9.06 227.97 nM 1 MET769 (1.87) 

Erlotinib -5.95 43.64 M 3 LYS721 (1.84), MET769 (2.56), ARG817 (2.07) 
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