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Abstract 
A novel series of benzimidazolo-[1,2,4]triazole-tetrazole derivatives was synthesized and evaluated for anticancer potential through integrated 
in silico and in vitro approaches. Molecular docking against the 8GVZ anticancer target revealed that compounds 4, 5, 7, 9, and 11 exhibited 
superior binding affinities, surpassing the reference drug 5-fluorouracil. ADMET predictions confirmed favorable pharmacokinetic and 
toxicity profiles, supporting their drug-likeness. Subsequent in vitro assays against MCF-7 breast cancer cells demonstrated potent 
cytotoxicity, with compound 11 showing the lowest IC₅₀ value (0.21 μM). These findings highlight compound 11 and its analogs as promising 
leads for further anticancer drug development. 
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1. Introduction 

Heterocyclic compounds such as benzimidazoles, triazoles, and tetrazoles play a vital role in medicinal chemistry due to 
their broad-spectrum biological activities. Benzimidazoles, in particular, have demonstrated significant antimicrobial, 
antiviral, anti-inflammatory, and antitumor properties, making them key scaffolds in anticancer drug development owing to 
their structural versatility and synthetic accessibility [1–10]. Notable examples include bendamustine, carbendazim, and 
veliparib, as well as Topo I inhibitors like Hoechst derivatives [11–14].  

 
Triazoles are a versatile class of heterocycles extensively studied for their wide-ranging biological activities. They exhibit 

potent antimicrobial, antifungal, antiviral, anti-inflammatory, and anticancer properties, making them valuable cores in drug 
design [15-22]. Triazoles, valued for similar bioactivities, are often combined with benzimidazole frameworks to enhance 
therapeutic potential, with recent studies highlighting their notable anticancer efficacy and Topo II inhibition [23–27]. 
Tetrazoles, also widely utilized, contribute additional pharmacological benefits and are frequently incorporated into hybrid 
molecules targeting cancer and infectious diseases [28–39].  

Due to the cost and limitations of experimental screening, in silico methods have become crucial for early prediction of 
pharmacokinetic and safety profiles in drug development. Computational tools, particularly molecular docking, are widely 
used to assess interactions between novel compounds and target proteins. In this study, docking simulations evaluated the 
binding of synthesized benzimidazolo-triazole-tetrazole derivatives (compounds 1–11) with an anticancer target protein (PDB 
ID: 8GVZ). PyMOL was employed for 3D visualization of protein-ligand interactions [40]. Compounds showing the strongest 
binding affinities were further evaluated using the MTT assay on MCF-7 breast cancer cells, with 5-fluorouracil (5-FU) as a 
standard reference [41]. ADMET profiling—covering absorption, distribution, metabolism, excretion, and toxicity—was also 
performed to assess the pharmacokinetic properties essential for drug safety and efficacy [42–44]. 
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Building on our continued efforts to develop biologically active compounds [45–57], we designed, synthesized, and 
evaluated a new series of benzimidazolo-triazole-tetrazole derivatives for anticancer potential. This work included structural 
characterization, in silico molecular docking to predict target protein interactions, and ADMET profiling to assess 
pharmacokinetic properties. The most promising compounds were further tested against MCF-7 breast cancer cells to identify 
potential therapeutic leads. 
 
2. Experimental 

2.1 Chemistry 
Melting points were determined using a Kofler block apparatus and are uncorrected. IR spectra were recorded on a Perkin-
Elmer 1720 FTIR spectrometer (cm⁻¹) using KBr disks. ¹H NMR spectra were measured on a Varian Gemini spectrometer 
(300 MHz) using DMSO-d₆ as the solvent and TMS (δ) as the internal standard. Mass spectra were obtained using a Shimadzu 
Gas Chromatography Mass Spectrometer (GC-MS) model GC 2010 (70 eV). The progress of reactions was monitored by 
thin-layer chromatography (TLC) using aluminum silica gel plates 60 F₂₄₅. The anticancer activity of the synthesized 
compounds was evaluated at the National Cancer Institute (NCI) in Cairo, Egypt. Additionally, anticancer activity against 
breast cancer was tested at El-Azhar University. 

 
Synthesis of 3-(5-(2-(3-methyl-1H-benzo[4,5]imidazo[2,1-c][1,2,4]triazol-1-yl)ethyl)-2H-tetrazol-2-yl)propanenitrile (2) 

A solution of 1-(2-(2H-tetrazol-5-yl)ethyl)-3-methyl-1H-benzo[4,5]imidazo[2,1-c][1,2,4]triazole (1) (2.68 g, 10 mmol) in N,N-
dimethylformamide (10 mL) was heated to reflux at 180°C for 30 minutes to 1 hour. The mixture was then cooled to room 
temperature, followed by the addition of malononitrile (0.52 g, 10 mmol). The reaction was refluxed for an additional 6 hours, 
after which the precipitate was collected by filtration using ethanol, and recrystallized from DMF, yielding pale yellow crystals. 
Yield: 1.01 g (60%); m.p. > 300°C. IR (KBr): v cm-1 vmax: 3058 (CH aromatic), 2927 (CH aliphatic), 2373 (CN), 1H NMR (300 
MHz, DMSO-d6) δ: 2.12 (3H, s, CH3), 3.00 (2H, t, J = 5.00 Hz, CH2), 4.05 (2H, t, J = 4.50 Hz, CH2), 3.20 (2H, t, J = 5.5 Hz, 
CH2), 4.12 (2H, t, J = 4.2 Hz, CH2), 6.95-7.85 (4H, m, Ar-H) ppm; 13C NMR (100 MHz, DMSO–d6) δ: 14.8, (CH3), 15.3, 29.8, 
59.6, 62.9, 113.4, 119.7, 121,3, 125.1, 137.4, 142.1, 144.7, 150.8, 166.5  ppm; EI-MS: m/z = 321 [M+]. Anal. Calc. for 
C15H15N9: C, C, 56.07; H, 4.71; N, 39.23. Found C, 56.19; H, 4.84; N, 39.37%. 
 
Synthesis of 1-(2-(2-(2-(2H-tetrazol-5-yl)ethyl)-2H-tetrazol-5-yl)ethyl)-3-methyl-1H-benzo[4,5]imidazo[2,1-

c][1,2,4]triazole (3) 
Nitrile derivative 2 (3.21 g, 10 mmol), sodium azide (0.7 g, 10 mmol), and ammonium chloride (0.6 g, 10 mmol) were heated 
in N,N-dimethylformamide (10 mL) at 140°C for 3 hours. After the reaction, the solvent was removed under reduced pressure, 
and the residue was dissolved in 10 mL of water. Acidification of this solution to pH 2 with concentrated hydrochloric acid in 
an ice bath caused the precipitation of the tetrazole, which was then filtered, dried, and recrystallized from DMF, to obtain 
compound 3 as pale yellow crystals (63%), m.p. > 300°C. IR (KBr) cm-1 vmax: 3426 (NH), 2911 (CH), 1626 (C=N), 1085 
(N=N); 1H NMR (300 MHz, DMSO-d6): δ =1.95 (3H, s, CH3), 3.00 (4H, t, J = 5.5 Hz, 2CH2), 4.04 (4H, t, J = 4.2 Hz, 2CH2), 
6.93-7.85 (4H, m, Ar-H), 9.10 (1H, brs, NH) ppm; EI-MS: m/z = 364 [M+]. Anal. Calc. for C15H16N12: C, 49.44; H, 4.43; N, 
46.13. Found C, 49.57; H, 4.60; N, 46.25%. 
 
Synthesis of ethyl 2-(5-(2-(5-(2-(3-methyl-1H-benzo[4,5]imidazo[2,1-c][1,2,4]triazol-1-yl)ethyl)-2H-tetrazol-2-yl)ethyl)-

2H-tetrazol-2-yl)acetate (4) 

Dissolving compound 3 (3.64 g, 10 mmol) in dry dimethylformamide (10 mL), anhydrous potassium carbonate (1.38 g, 10 
mmol) and ethyl chloroacetate (1.22 g, 10 mmol) were added. This mixture was stirred at room temperature for 6 hours. The 
resulting precipitate was poured onto crushed ice, filtered, and dried, and recrystallized from EtOH, affording a brown powder 
(56%), m.p. 295-297°C. IR (KBr) cm-1 vmax: 2982 (CH), 1737 (C=O); 1H NMR (300 MHz, DMSO-d6): δ =1.24 (3H, t, J = 7.2 
Hz, CH2CH3), 1.95 (3H, s, CH3), 3.00 (4H, t, J = 5.5 Hz, 2CH2), 4.04 (4H, t, J = 4.2 Hz, 2CH2), 4.15 (2H, q, J = 5.5 Hz, 
CH2CH3), 4.55 (2H, s, CH2), 6.75-7.82 (4H, m, Ar-H) ppm; EI-MS: m/z = 450 [M+]. Anal. Calc. for C19H22N12O2: C, 50.66; H, 
4.92; N, 37.31. Found C, 50.78; H, 4.79; N, 37.43%. 
 
Synthesis of 2-(5-(2-(5-(2-(3-methyl-1H-benzo[4,5]imidazo[2,1-c][1,2,4]triazol-1-yl)ethyl)-2H-tetrazol-2-yl)ethyl)-2H-

tetrazol-2-yl)acetohydrazide (5) 

A mixture of compound 4 (4.50 g, 10 mmol) and hydrazine hydrate (10 mL) was heated under reflux for 4 hours. After 
concentration and cooling, the mixture was poured over crushed ice. The resulting precipitate was filtered and dried, dried, and 
recrystallized from DMF, affording a brownish powder (63%), m.p. > 300°C. IR (KBr) cm-1 vmax: 3422, 3450 (NH2), 3334 
(NH), 2928 (CH), 1687 (C=O); 1H NMR (300 MHz, DMSO-d6): δ =1.95 (3H, s, CH3), 2.43 (2H, brs, NH2), 3.00 (4H, t, J = 5.5 
Hz, 2CH2), 4.04 (4H, t, J = 4.2 Hz, 2CH2), 4.55 (2H, s, CH2), 6.75-7.82 (4H, m, Ar-H), 8.56 (1H, brs, NH) ppm; EI-MS: m/z = 
436 [M+]. Anal. Calc. for C17H20N14O: C, 46.78; H, 4.62; N, 44.93. Found C, 46.64; H, 4.50; N, 45.05%. 
 

Synthesis of 1-(2-(2-(2-ethoxyethyl)-2H-tetrazol-5-yl)ethyl)-3-methyl-1H-benzo[4,5]imidazo [2,1-c][1,2,4]triazole (6) 

Compound 1 (2.68 g, 10 mmol) and 1-bromo-2-ethoxyethane (1.52 g, 10 mmol) were dissolved in N,N-dimethylformamide (10 
mL), and the mixture was refluxed for 6 hours. After concentrating and cooling, the reaction mixture was poured onto crushed 
ice. The resulting precipitate was filtered, dried, and recrystallized from DMF, affording a yellow powder (81%), m.p. > 300 
°C. IR (KBr) cm-1 vmax: 2931 (CH), 1387 (C-O), 1H NMR (300 MHz, DMSO-d6): δ =1.12 (3H, t, J = 7.2 Hz, CH2CH3), 1.95 
(3H, s, CH3), 3.00 (4H, t, J = 5.5 Hz, 2CH2), 4.04 (4H, t, J = 4.2 Hz, 2CH2), 3.85 (2H, q, J = 5.5 Hz, CH2CH3), 7.22-8.24 (4H, 
m, Ar-H) ppm; 13C NMR (100 MHz, DMSO–d6) δ: 14.8, (CH3), 16.4 (CH3), 29.1, 62.4, 64.1, 66.4, 114.1, 120.8, 124.8, 136.7, 
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143.2, 144.7, 150.8, 166.5  ppm; EI-MS: m/z = 340 [M+]. Anal. Calc. for C16H20N8O: C, 56.46; H, 5.92; N, 32.92. Found: C, 
56.58; H, 5.77; N, 32.79%. 
 
Synthesis of 2-methyl-5-((5-(2-(5-(2-(3-methyl-1H-benzo[4,5]imidazo[2,1-c][1,2,4]triazol-1-yl)ethyl)-2H-tetrazol-2-

yl)ethyl)-2H-tetrazol-2-yl)methyl)-1,3,4-oxadiazole (7) 

A mixture of compound 5 (4.36 g, 10 mmol), glacial acetic acid (6 mL), and acetic anhydride (3 mL) was heated under reflux 
for 4 hours. After concentration and cooling, the mixture was poured onto crushed ice. The resulting precipitate was filtered, 
dried, and recrystallized from DMF, affording a yellow powder (88%), m.p. > 300°C. IR (KBr) cm-1 vmax: 2920 (CH aliphatic) 
and 1387 (C-O); 1H NMR (300 MHz, DMSO-d6): δ = 1.95 (3H, s, CH3), 2.43 (3H, s, CH3), 3.06 (4H, t, J = 5.5 Hz, 2CH2), 4.10 
(4H, t, J = 4.2 Hz, 2CH2), 4.63 (2H, s, CH2), 7.24-8.54 (4H, m, Ar-H) ppm; EI-MS: m/z = 460 [M+]. Anal. Calc. for 
C19H20N14O: C, 49.56; H, 4.38; N, 42.59. Found C, 49.69; H, 4.51; N, 42.71%. 
 
Synthesis of 5-((5-(2-(5-(2-(3-methyl-1H-benzo[4,5]imidazo[2,1-c][1,2,4]triazol-1-yl)ethyl)-2H-tetrazol-2-yl)ethyl)-2H-

tetrazol-2-yl)methyl)-1,3,4-oxadiazole-2-thiol (8) 

Compound 5 (4.36 g, 10 mmol) and potassium hydroxide (1.68 g, 30 mmol) were dissolved in dimethylformamide (10 mL) 
and heated under reflux for 30 minutes. After cooling, carbon disulfide (3.15 mL, 40 mmol) was added, and the mixture was 
refluxed for 8 hours. The concentrated mixture was then cooled, poured onto crushed ice, and the resulting precipitate was 
filtered, dried, and recrystallized from DMF, affording a brown powder (59%), m.p. > 300°C. IR (KBr) cm-1 vmax: 2951 cm-1 
(CH aliphatic), 1624 cm-1 (C=N); 1H NMR (300 MHz, DMSO-d6): δ = 1.90 (3H, s, CH3), 3.06 (4H, t, J = 5.5 Hz, 2CH2), 4.10 
(4H, t, J = 4.2 Hz, 2CH2), 4.63 (2H, s, CH2), 6.91-7.93 (4H, m, Ar-H), 12.46 (1H, s, SH) ppm; EI-MS: m/z = 478 [M+]. Anal. 
Calc. for C18H18N14OS: C, 45.18; H, 3.79; N, 40.98; S, 6.70. Found: C, 45.33; H, 3.95; N, 41.10; S, 6.85%. 
 
Synthesis of 2-(2-(5-(2-(5-(2-(3-methyl-1H-benzo[4,5]imidazo[2,1-c][1,2,4]triazol-1-yl)ethyl)-2H-tetrazol-2-yl)ethyl)-2H-

tetrazol-2-yl)acetyl)-N-phenylhydrazine carbothioamide (9) 

Compound 5 (4.36 g, 10 mmol) and phenylisothiocyanate (1.35 g, 10 mmol) were dissolved in dimethylformamide (10 mL) 
and heated under reflux for 12 hours. After cooling, the solvent was concentrated under reduced pressure. The resulting residue 
was filtered, dried, and recrystallized from DMF, affording a brown powder (85%), m.p. > 300°C. IR (KBr) cm-1 vmax: 3426 
cm-1 (NH), 2951 cm-1 (CH aliphatic), 1635 cm-1 (C=O); 1H NMR (300 MHz, DMSO-d6): δ = 1.97 (3H, s, CH3), 3.06 (4H, t, J 
= 5.5 Hz, 2CH2), 4.10 (4H, t, J = 4.2 Hz, 2CH2), 4.63 (2H, s, CH2), 6.48-7.91 (9H, m, Ar-H), 9.05 (1H, s, NH), 9.54 (1H, brs, 
NH), 10.12 (1H, brs, NH) ppm; EI-MS: m/z = 571 [M+]. Anal. Calc. for C24H25N15OS: C, 50.43; H, 4.41; N, 36.76; S, 5.61. 
Found C, 50.56; H, 4.53; N, 36.65; S, 5.74%. 
 
Synthesis of N-(2-(2-(5-(2-(5-(2-(3-methyl-1H-benzo[4,5]imidazo[2,1-c][1,2,4]triazol-1-yl)ethyl)-2H-tetrazol-2-yl)ethyl)-

2H-tetrazol-2-yl)acetyl)hydrazinecarbonothioyl) benzamide (10) 

Compound 5 (4.36 g, 10 mmol) and benzoyl isothiocyanate (1.63 g, 10 mmol) were dissolved in dimethylformamide (10 mL) 
and heated under reflux for 12 hours. After cooling, the solvent was concentrated under reduced pressure. The resulting residue 
was filtered, dried, and recrystallized from DMF, producing a brown powder (80%), m.p. > 300°C. IR (KBr) cm-1 vmax: 3426 
cm-1 (NH), 2951 cm-1 (CH), 1635 cm-1 (C=O); 1H NMR (300 MHz, DMSO-d6): δ = 1.97 (3H, s, CH3), 3.10 (4H, t, J = 5.5 Hz, 
2CH2), 4.15 (4H, t, J = 4.2 Hz, 2CH2), 4.62 (2H, s, CH2), 7.11-8.56 (9H, m, Ar-H), 9.00 (1H, s, NH), 9.50 (1H, brs, NH), 10.12 
(1H, brs, NH) ppm; EI-MS: m/z = 599 [M+]. Anal. Calc. for C25H25N15O2S: C, 50.08; H, 4.20; N, 35.04; S, 5.35. Found C, 
49.95; H, 4.32; N, 35.17; S, 5.48%. 
 
Synthesis of 3-amino-5-((5-(2-(5-(2-(3-methyl-1H-benzo[4,5]imidazo[2,1-c][1,2,4]triazol-1-yl)ethyl)-2H-tetrazol-2-

yl)ethyl)-2H-tetrazol-2-yl)methyl)-4H-pyrazole-4-carbonitrile (11) 

Compound 5 (4.36 g, 10 mmol) and malononitrile (0.66 g, 10 mmol) were dissolved in dimethylformamide (10 mL) and heated 
under reflux for 6 hours. After cooling, the solvent was evaporated under reduced pressure, and the resulting precipitate was 
recrystallized from DMF, yielding a brown powder (86%), m.p. > 300°C. IR (KBr) cm-1 vmax: 3422, 3455 cm-1 (NH2), 2951 
cm-1 (CH), 2314 cm-1(CN), 1711 cm-1 ; 1H NMR (300 MHz, DMSO-d6): δ = 1.95 (3H, s, CH3), 3.12 (4H, t, J = 5.5 Hz, 2CH2), 
4.15 (4H, t, J = 4.2 Hz, 2CH2), 5.10 (2H, s, CH2), 6.81-7.74 (4H, m, Ar-H), 8.05 (1H, s, CH), 12.05 (2H, brs, NH2) ppm; EI-
MS: m/z = 484 [M+]. Anal. Calc. for C20H20N16: C, 49.58; H, 4.16; N, 46.26. Found C, 49.73; H, 4.04; N, 46.15%. 
 

2.2. Docking Study: 
Ligand Preparation: The newly synthesized molecules were drawn using ChemDraw Professional 16.0, and molecular 
modeling was performed with software from the Molecular Operating Environment (MOE). Minimization was carried out 
until a root mean square deviation (RMSD) gradient of 0.1 kcal·mol⁻¹·Å⁻¹ was reached using the MMFF 94× (Merck 
Molecular Force Field 94×). The oriented compounds were then saved in MDB format to facilitate the docking process [58].  
 
Protein Preparation: The X-ray crystal structure of the enzyme (PDB ID: 8GVZ, resolution: 1.97 Å) was downloaded from 
the Protein Data Bank [59]. To prepare the enzyme for docking: (1) Only the URF co-crystallized ligand was retained, and 
crystallographic water molecules were removed. (2) Hydrogen atoms were added, broken bonds were reconnected, and the 
potential was corrected [60]. (3) Dummy atoms were generated using Alpha Site Finder for large site search. (4) The binding 
pocket was identified. (5) The pocket was saved in MOE format for modeling ligand-enzyme interactions. Figure 1 shows the 
prepared protein. 
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Figure 1: Prepared target protein, showing the crystal structure of the human dihydroorotase domain in complex with the 
anticancer drug 5-fluorouracil. 

After docking, both 2D and 3D interactions with the amino acid residues were visualized. This study offers a solid 
introduction to 3D structure visualization and computational drug design using PyMOL [61]. PyMOL is available under an 
unrestricted open-source software license [62]. The interactions between the ligand and the active site amino acids were 
analyzed, and all docking procedures and scoring were documented according to established protocols [63]. 

2.3. In Silico Pharmacokinetic Profile (ADMET): 
The pharmacokinetic profiles of key synthesized compounds were predicted using pkCSM [64]. This publicly accessible web 
server (http://structure.bioc.cam.ac.uk/pkcsm, accessed on 17 September 2024) provides a robust platform for the rapid 
evaluation of pharmacokinetic and toxicity properties [65]. Predicting the ADMET-related features of novel compounds 
involves correlating their pharmacokinetic and toxicological characteristics [66]. 
 

2.4. Evaluation of Cytotoxic Activity: 
For the cytotoxicity assay, cells were seeded into 96-well plates at a density of 1 × 10⁴ cells per well in 100 μL of growth 
medium. After 24 hours, a new medium containing serially diluted test compound concentrations was added using a 
multichannel pipette. Each concentration was tested in triplicate. Control wells included cells treated with and without DMSO 
to ensure DMSO levels (up to 0.1%) did not affect the results. Cell viability was measured colorimetrically. After incubation, 
1% crystal violet was added for 30 minutes, followed by rinsing and the addition of 30% glacial acetic acid. Absorbance at 
490 nm was measured using a TECAN microplate reader. Background absorbance was subtracted, and treated samples were 
compared to untreated controls [67]. Viability was calculated as [(OD_t/OD_c) \times 100%], where (OD_t) is the optical 
density of treated wells, and (OD_c) is that of controls. IC₅₀ values were determined using dose-response curves in GraphPad 
Prism (San Diego, CA, USA) [57] 

 
3. Results and Discussion 

3.1. Chemistry 

Tetrazole compound 1 was reacted with acrylonitrile in dry N,N-dimethylformamide under reflux to yield cyanoethyl 
tetrazole derivative 2 with a 60% yield. IR spectra confirmed aromatic C–H at 3058 cm⁻¹, aliphatic C–H at 2927 cm⁻¹, and a 
CN stretch at 2373 cm⁻¹. Mass spectrometry showed a molecular ion peak at m/z 321 [M⁺]. In the ¹H NMR spectrum, a singlet 
at 2.12 ppm corresponded to the CH₃ group, while triplets at 3.00, 3.20, 4.05, and 4.12 ppm represented methylene protons. 
Aromatic protons appeared as multiplets between 6.95–7.85 ppm. 
Compound 2 was then reacted with sodium azide and ammonium chloride in dry N,N-dimethylformamide under reflux to 
produce the corresponding tetrazole compound 3 with a 63% yield (Scheme 1). IR spectra indicated the disappearance of the 
CN group and the appearance of an NH group at 3426 cm⁻¹. ¹H NMR spectra showed a singlet peak at 1.95 ppm for the CH₃ 
group, four triplet peaks in the region of 3.00–4.04 ppm for the CH₂ groups, multiplet peaks from 6.93 to 7.85 ppm for 
aromatic protons, and a broad peak at 9.10 ppm for the NH group. Mass spectra showed a molecular ion peak at m/z 364 
[M⁺].  
 
The bis-tetrazole 3 was stirred with ethyl chloroacetate and potassium carbonate in dry N,N-dimethylformamide at room 
temperature, yielding ester derivative 4 with a 56% yield (Scheme 1). The IR spectrum indicated the disappearance of the NH 
absorption at 3426 cm⁻¹. The ¹H NMR spectrum showed a triplet for a CH₃ group at 1.24 ppm, a singlet for a CH₃ group at 
1.95 ppm, triplet peaks for CH₂ groups in the range of 3.00–4.04 ppm, a quartet for a CH₂ group at 4.12 ppm, and a multiplet 
for aromatic protons in the region of 6.75–7.82 ppm. The mass spectrum displayed a molecular ion peak at m/z 450 [M⁺]. 
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The acid hydrazide derivative 5 was obtained in 63% yield by refluxing compound 4 with hydrazine hydrate in dry N,N-
dimethylformamide (Scheme 1). Its structure was supported by spectroscopic data: the IR spectrum exhibited bands indicative 
of NH₂ (3422, 3450 cm⁻¹), NH (3334 cm⁻¹), and carbonyl (CO, 1687 cm⁻¹) functionalities. The ¹H NMR spectrum revealed a 
methyl singlet at 1.95 ppm, a broad amine peak at 2.43 ppm, methylene triplets in the range of 3.00–4.04 ppm, aromatic 
proton multiplets between 6.75 and 7.82 ppm, and an amide NH signal at 8.56 ppm. The molecular ion peak in the mass 
spectrum was observed at m/z 436 [M⁺].  
 
The reaction of tetrazole compound 1 with 1-bromo-2-ethoxyethane was conducted in anhydrous DMF under reflux 
conditions, resulting in the formation of compound 6 in 81% yield (Scheme 1). Characterization by IR spectroscopy revealed 
the disappearance of the NH band and the appearance of a C-O stretching vibration at 1387 cm⁻¹. The ¹H NMR spectrum 
displayed signals including a triplet at δ 1.12 ppm (CH₃), a singlet at δ 1.95 ppm (CH₃), triplets between δ 3.00 and 4.04 ppm 
(CH₂), a quartet at δ 3.85 ppm (CH₂), and multiplets in the range of δ 7.22–8.24 ppm (aromatic protons). The mass spectrum 
exhibited a molecular ion [M⁺] at m/z 340. 
 

 
Scheme 1. Synthesis of triazolobenzoimidazole-tetrazole hybrid derivatives 2-6 

 

Under reflux conditions, acid hydrazide 5 was treated with the following reagents to afford derivatives 7–11: acetic anhydride 
in acetic acid (88%), carbon disulfide and potassium hydroxide in anhydrous N,N-dimethylformamide (59%), 
phenylisothiocyanate in anhydrous N,N-dimethylformamide (85%), benzoylisothiocyanate in anhydrous N,N-
dimethylformamide (80%), and malononitrile in anhydrous N,N-dimethylformamide (86%) (Scheme 2).  Spectroscopic data 
for compound 7 included an IR spectrum indicating the loss of the NH₂ group and the presence of C-O (1387 cm⁻¹) and 
aliphatic C-H (2920 cm⁻¹) stretches. The ¹H NMR spectrum exhibited signals at δ 1.95 ppm (s, 3H, CH₃), δ 2.43 ppm (s, 3H, 
CH₃), δ 3.06–4.10 ppm (m, several CH₂), δ 4.63 ppm (s, 2H, CH₂), and δ 7.24–8.54 ppm (m, aromatic H). The mass spectrum 
confirmed the molecular weight with an [M⁺] ion at m/z 460. The IR spectrum of compound 8 indicated the absence of an N-
H stretching band. The ¹H NMR spectrum showed characteristic signals at δ 1.90 ppm (CH₃ singlet), δ 2.43 ppm (CH₃ 
singlet), δ 3.06–4.10 ppm (CH₂ triplets), δ 4.63 ppm (CH₂ singlet), δ 6.91–7.93 ppm (aromatic multiplets), and δ 12.46 ppm 
(SH singlet). The mass spectrum exhibited a molecular ion peak [M⁺] at m/z 478. The IR spectrum of compound 9 showed 
characteristic absorptions for an N-H stretching band at 3426 cm⁻¹ and carbonyl (C=O) stretching at 1635 cm⁻¹. The ¹H NMR 
spectrum exhibited signals at δ 1.97 ppm (CH₃ singlet), δ 3.06–4.10 ppm (CH₂ triplets), δ 4.63 ppm (CH₂ singlet), δ 6.48–7.91 
ppm (aromatic multiplets), and broad N-H signals around δ 9.05, 9.54, and 10.12 ppm. The mass spectrum displayed a 
molecular ion peak [M⁺] at m/z 571. Compound 10 showed IR absorptions for an N-H stretching band at 3428 cm⁻¹ and 
carbonyl (C=O) stretching at 1637 cm⁻¹. The ¹H NMR spectrum featured signals at δ 1.97 ppm (CH₃ singlet), δ 3.10–4.15 
ppm (CH₂ triplets), δ 4.62 ppm (CH₂ singlet), δ 7.11–8.56 ppm (aromatic multiplets), and broad N-H signals around δ 9.00, 
9.50, and 10.12 ppm. The mass spectrum showed a molecular ion peak [M⁺] at m/z 599. For compound 11, the mass spectrum 
showed a molecular ion peak [M⁺] at m/z 484. The IR spectrum identified N-H stretching bands at 3422 and 3455 cm⁻¹, 
aliphatic C-H stretching at 2951 cm⁻¹, and cyano (C≡N) stretching at 2314 cm⁻¹. The ¹H NMR spectrum showed signals at δ 
1.95 ppm (CH₃ singlet), δ 3.12–4.15 ppm (CH₂ triplets), δ 5.10 ppm (CH₂ singlet), δ 6.81–7.74 ppm (aromatic multiplets), a 
C-H singlet at δ 8.05 ppm, and a broad NH₂ signal at δ 12.05 ppm (Scheme 2). 
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Scheme 2. Synthesis of triazolobenzoimidazole-tetrazole hybrid derivatives 7-11 

 

3.2 Molecular docking study: 
The crystal structure of the human dihydroorotase domain complexed with the anticancer drug 5-fluorouracil (PDB ID: 
8GVZ) was obtained from the Protein Data Bank [59]. Molecular docking was employed to explore the binding interactions 
between the target anticancer protein and the ligands. This computational technique helped identify how the ligands interact 
with the active site of the target protein [68]. PyMOL, an open-source tool for biomolecule visualization, was used due to its 
ease of use, extensive documentation, widespread adoption, and high-quality rendering features [69, 70]. Docking results were 
compared with the binding energy of 5-FU, the co-crystallized ligand. Key findings include: (i) The binding energies of the 
novel ligands were more negative than those of the co-crystallized ligand, indicating greater stability. (ii) Interactions included 
various types, such as hydrogen bond donors, π-π interactions, hydrogen bond acceptors, hydrogen-π interactions, and π-
hydrogen interactions. (iii) Critical binding residues included Asp1796, Trp1758, Thr1782, Val1783, Asp1753, His1756, 
Tyr1794, Ala1494, His1763, Lys1460, and Thr1759. (iv) Key ligation sites involved atoms such as nitrogen, sulfur, carbon, 
and oxygen within the benzimidazolo-triazole tetrazole scaffold. As shown in Table 1, compound 1 formed a hydrogen bond 
between Asp1796 and the nitrogen atom of the tetrazole ring. Figure 2 highlights that compound 3 formed a hydrogen bond 
with Asp1753. Further docking analysis revealed that compounds 2 and 5 acted as hydrogen bond acceptors with Thr1782, 
involving the nitrogen atoms of the triazole and imidazole rings, respectively. Additionally, compound 2 formed another 
hydrogen bond acceptor interaction between its cyano group and Val1783, while compound 5 formed a similar interaction 
between its tetrazole nitrogen and Tyr1794. In the 2D model of compound 8, a hydrogen bond donor interaction was observed 
between the sulfur atom and Ala1494, while the 3D model of compound 9 showed a hydrogen bond acceptor interaction 
between the tetrazole nitrogen and Tyr1794. Compound 10 displayed a hydrogen bond donor interaction between its nitrogen 
atom and Lys1460, and compound 11 featured a hydrogen bond acceptor interaction between Thr1782 and the oxygen atom 
of its carbonyl group. As shown in Table 1, compound 1 formed an H-bond between Asp1796 and the nitrogen atom of the 
tetrazole ring. Figure 1 highlights that compound 3 formed an H-bond with Asp1753. Further docking analysis revealed that 
compounds 2 and 5 formed H-bond acceptors with Thr1782, involving the nitrogen atoms of the triazole and imidazole rings, 
respectively. Additionally, compound 2 formed another H-bond acceptor between its cyano group and Val1783, while 
compound 5 formed a similar interaction between its tetrazole nitrogen and Tyr1794. In the 2D model of compound 8, an H-
bond donor was observed between the sulfur atom and Ala1494, while the 3D model of compound 9 showed an H-bond 
acceptor between the tetrazole nitrogen and Tyr1794. Compound 10 displayed an H-bond donor interaction between its 
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nitrogen atom and Lys1460, and compound 11 featured an H-bond acceptor between Thr1782 and the oxygen atom of its 
carbonyl group. Consistent with docking scores, compounds 11, 9, 5, 4, and 7 showed the highest anticancer activity in MCF-
7 cell assays. 
 
 Table 1. Docking score (kcal/mol), number of hydrogen bonds, and number of arene interactions of novel synthesized 
compounds (1-11) with the 8GVZ receptor, relative to 5-FU. 

Cpd. NO. 
Docking score 

(kcal/mol) 

NO. of hydrogen 

bonding 
Donor atom Acceptor atom 

NO. of arene 

interaction 

1 -5.83 1 (Asp1796) N - 
2 (π- π) 

[Trp1758] 

2 -6.54 
1 (Val1783) 
1 (Thr1782) 

- N - 

3 -6.61 1 (Asp1753) N - 1 (π-π) [His1756] 

4 -7.11 - - - - 

5 -7.18 
1 (Tyr1794) 
1 (Thr1782) 

- N - 

6 -6.33 - - - - 

7 -7.05 - - - - 

8 -6.89 1 (Ala1494) S - 
1 (H-π) 

[His1756] 

9 -7.58 1 (Tyr1794) - N 
1 (H-π) 

[His1763] 

10 -6.80 1 (Lys1460) N - 
1 (H-π) 

[His1756] 

11 -8.14 1 (Thr1782) - O 
2 (π-H) 

[Thr1759] 

5-FU -4.20 - - - - 

 

Cpd. 

NO. 
3D Ligand interaction 2D Ligand interaction 

1 

  

2 
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3 

  

4 

  

5 

  

6 

  

7 
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10 
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5-

FU 

 

 

Figure 2: 3D and 2D representations of ligand interactions within the 8GVZ binding site for novel synthesized compounds 
(1-11). 

3.2. In silico pharmacokinetic profile (ADMET): 
The average absorption percentage of the tested novel compounds through the human intestine ranged from 60.16% to 
93.90%. Regarding distribution, compounds that do not target the central nervous system (CNS) should have minimal CNS 
penetration to avoid adverse effects; the evaluated compounds showed a log PS between -4.14 and -2.84. In terms of 
metabolism, compounds 1-11 inhibited the CYP3A4 substrate, while compounds 1, 2, and 6 could also be metabolized by the 
CYP1A2 inhibitor. Additionally, compounds 9 and 10 inhibited CYP3A4. The excretion of these compounds, measured as a 
log value in ml/min/kg, ranged from 0.20 to 1.01. All these data are summarized in Table 2. Toxicity predictions further 
indicated that none of the tested compounds caused skin sensitization. 
 
Table 2. ADMET properties of novel synthetic compounds (1-11). 

Cpd. 

NO. 

Absorption Distribution 

Metabolism 

 

Excretion 

[Log ml/min/kg] 

Toxicity 

Intestinal absorption 

(human) 

[% Absorbed] 

CNS permeability 

(log PS) 

Skin Sensitization 

[Yes/No] 

1 60.16 -2.85 CYP3A4 
Substrate; & 

CYP1A2 
Inhibitor 

0.74 

No 

2 93.90 -2.84 0.87 

3 79.20 -3.74 
CYP3A4 
Substrate 

0.69 
4 86.86 -3.90 0.80 
5 72.04 -4.14 0.6 

6 88.58 -3.31 

CYP3A4 
Substrate; & 

CYP1A2 
Inhibitor 

1.01 

7 92.16 -3.83 CYP3A4 
Substrate 

0.52 
8 86.89 -3.90 0.41 
9 73.76 -3.82 CYP3A4 

Substrate; & 
CYP3A4 
Inhibitor 

0.42 

10 69.20 -4.00 0.35 

11 81.79 -3.96 
CYP3A4 
Substrate 

0.20 

5-FU 88.82 -3.05 - 0.62 

3.3. Anticancer Activity 

The inhibitory effects and IC₅₀ values of the most active newly synthesized compounds 4, 5, 7, 9, and 11 were tested against 
MCF-7 breast cancer cells using the MTT viability assay, with 5-fluorouracil (5-FU) serving as a reference standard. Dose-
response curves were generated to determine the IC₅₀, which is the concentration required to inhibit cell growth by 50%. The 
cytotoxic activity of each compound was evaluated by calculating the average IC₅₀ values from three independent experiments 
to ensure reliable data. The results revealed a highly significant difference (p < 0.001) in the inhibitory effects of the 
compounds across varying concentrations, demonstrating a clear dose-dependent response. These effects were systematically 
compared to those of 5-FU, highlighting distinct levels of growth inhibition among the compounds. The detailed statistical 
analysis and graphical representations of these findings are presented in Table 3 and Figure 3. 
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Table 3. Cytotoxicity (IC₅₀ μM) of compounds 4, 5, 7, 9, and 11 against MCF-7 cell lines. 

Compounds no IC50 (μM) 

5-FU 0.11 ± 0.3 
4 0.59 ± 0.7 
5 0.53 ± 1.0 
7 0.92 ± 0.7 
9 0.47 ± 0.5 
11 0.21 ± 0.4 

 
 

Figure 3: SAR of compounds 4, 5, 7, 9, and 11 as anticancer agents. 
 

4.  Conclusion 

In this study, a series of benzimidazolo-triazole-tetrazole derivatives was synthesized and structurally characterized. 
Molecular docking and ADMET profiling identified compounds 4, 5, 7, 9, and 11 as promising candidates, with compound 11 
showing the most potent in vitro cytotoxicity against MCF-7 cells. These results support their potential as anticancer agents. 
Future work will focus on structural optimization and in vivo studies to further assess their therapeutic efficacy and safety. 
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