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ABSTRACT 

In current study, we have designed and developed some ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)amino)thiazole-4-
carboxylate derivatives as potential VEGFR-2 kinase inhibitors for the treatment of cancer. Out of the 30 screened 
derivatives (AP31-AP60), AP35, AP37, AP41, AP42, AP47, AP48, AP50, AP51, AP55, and AP58 exhibited binding affinity 
greater than native ligand and formed four and more than four hydrogen bonds with enzyme are considered as most 
potent and hence selected for wet lab synthesis. The compounds AP47 and AP50 showed excellent VEGFR2 kinase 
inhibitory activity at IC50 2.77 and 4.90 µM respectively whereas pazopanib displayed VEGFR2 kinase inhibitory activity 
at 0.092 µM. Compound AP47 was found to be the most potent VEGFR2 inhibitor. Among the tested compounds, it has 
been noticed that compound AP47 was found to be the most potent compound against A-549, HEK-293, and MCF-7 with 
GI50 values of 6.13, 8.24, and 9.36 μM, respectively. Only this compound showed moderate cytotoxicity against MDA-MB-
231(GI50 =23.65 μM). Compound AP48 showed good anti-cancer activity against A-549 at GI50 values of 8.07 μM, 
respectively. Compounds (AP41, AP50, AP55, and AP58) showed moderate potency against A-549, MCF-7 and HEK-293 
(<25 μM). SAR studies of the synthesized benzo-imidazole compounds revealed the anti-cancer activity dependent on the 
type of substitutions present on the cyclohexadiene ring attached to the benzo-imidazole ring. The presence of thiazole-
4-carboxylate linked through methyl amino to benzo-imidazole ring showed improved activity against A-549, HEK-293, 
and MCF-7 cancer cell lines. The results from the current study indicate that these compounds have promising future use 
as VEGFR2 kinase inhibitors. 
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INTRODUCTION 
VEGFR-2 is an acronym for Vascular Endothelial Growth Factor Receptor 2, a protein that has a crucial 
function in the creation of blood vessels, also known as angiogenesis. A receptor tyrosine kinase is a 
protein located on the cell surface that has the ability to bind to certain signaling chemicals called growth 
factors[1]. VEGFR-2 interacts with vascular endothelial growth factors (VEGFs), which are proteins that 
promote angiogenesis. Comprehending the role and control of VEGFR-2 is crucial in both normal body 
processes and abnormal circumstances, especially in the field of cancer investigation and the 
development of specific treatments. Scientists and healthcare professionals are still studying methods to 
control the VEGF/VEGFR-2 pathway for purposes of treatment in cancer[2,3]. There are many VEGFR-2 
kinase inhibitors in the market as depicted in Figure 1. 
VEGFR-2 kinase inhibitors are a notable breakthrough in cancer therapy since they specifically target the 
crucial mechanism of angiogenesis. Their capacity to hinder the development of new blood vessels in 
tumours has shown efficacy in reducing tumour growth, inhibiting metastasis, and enhancing overall 
patient outcomes in certain cancer types. These inhibitors remain crucial in targeted cancer therapy, 
either as independent treatments or in conjunction with other therapeutic methods[4–8]. In current 
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study, we have designed and developed some ethyl 2-(((1H-benzo[d]imidazol-2-
yl)methyl)amino)thiazole-4-carboxylate derivatives as potential VEGFR-2 kinase inhibitors for the 
treatment of cancer. 

Figure 1. The approved VEGFR-2 kinase inhibitors 
 
MATERIAL AND METHODS 
Pre-ADMET Analysis 
Mol Inspiration, a free service for the online chemistry community, provides access to molecular metrics 
like logP, polar surface area, number of hydrogen bond donors and acceptors (GPCR ligands, kinase 
inhibitors, ion channel modulators, nuclear receptors), and bioactivity score prediction for the most 
significant drug targets. The SwissADME online tool may be used to compute physicochemical descriptors 
and predict ADME parameters, pharmacokinetic properties, drug-like nature, and medicinal chemistry 
friendliness of one or more small molecules to assist in drug development. Utilizing mol inspiration 
(https://www.molinspiration.com/) and Swiss ADME servers (http://www.swissadme.ch/), Lipinski rule 
of five and pharmacokinetic features of designed derivatives were investigated[9–12].  
Toxicity prediction is an important phase in the development of novel medications. The use of 
computational toxicity estimations as opposed to animal toxic dose assessments may reduce the number 
of animal investigations. Toxicological endpoints, including acute toxicity, liver toxicity, cell death, 
carcinogenicity, mutation, immunotoxicity, unfavorable outcomes (Tox21) pathways, and toxicity targets 
are all covered in ProTox-arsenal II's of 33 different toxicity endpoint prediction models. This 
incorporates (fragment similarity-based CLUSTER cross-validation) machine learning as well as 
molecular similarity and fragment propensity. Utilising the freely available web server ProTox-II, an in 
silico assessment of the toxicity potential of designed derivatives was conducted 
(http://tox.charite.de/protox_II)[13]. 
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Screening through Molecular Docking 
Molecular docking is a fundamental aspect of computer-assisted drug discovery and structural molecular 
biology. Using a method known as "ligand-protein docking," scientists may foretell how a ligand will 
interact with a protein whose three-dimensional structure is already known. A precise scoring system for 
dockings in high-dimensional areas is essential. One may do virtual screening on a large library of 
compounds, grade the results, and propose structural ideas of how the ligands block the target, which is 
highly valuable in lead optimization[14–18]. 
Following an initial screening process utilizing In Silico ADMET analysis, the selected molecules 
underwent subsequent molecular docking studies. In order to achieve further optimization, the 
derivatives underwent binding affinity studies with the target enzyme. All the selected compounds and 
the native ligand were docked against the Crystal structure of the KDR (VEGFR2) kinase domain in 
complex with a type-II inhibitor bearing an acrylamide using Autodock vina 1.1.2 in PyRx 0.8[19]. 
ChemDraw Ultra 8.0 was used to draw the structures of the compounds and native ligand (mole. File 
format). All the ligands were subjected for energy minimization by applying Universal Force Field 
(UFF)[20]. The crystal structure of the enzyme with PDB ID: 6XVK was obtained from RCSB Protein Data 
Bank (PDB) (https://www.rcsb.org/structure/6XVK). Discovery Studio Visualizer (version-19.1.0.18287) 
was used to refine the enzyme structure, purify it, and get it ready for docking[21]. A three-dimensional 
grid box with an exhaustiveness value of 8 was created for molecular docking[19]. BIOVIA Discovery 
Studio Visualizer was used to locate the protein's active amino acid residues. The approach outlined by 
Khan et al. was used to perform the entire molecular docking procedure, identify cavity and active amino 
acid residues[22–28]. Figure 2 shows the revealed cavity of enzyme with the native ligand. 

 
Figure 2. The 3D ribbon view of the enzyme with native ligand in the cavity 

Chemistry 
Chemicals, Reagents, and Cell Lines 
From Lab Trading Laboratory in Aurangabad, Maharashtra, India, all of the essential chemicals and 
reagents of synthetic quality were obtained and procured. Through the use of thin-layer chromatography 
(TLC, Merck precoated silica GF 254), the progression of the reaction was seen and verified. Spectral 
analysis was performed on the compounds using 1H NMR, 13C NMR (on a Varian-VXR-300S @ 400 MHz 
NMR spectrometer), and Mass spectroscopy. Chloroform (d6) was used as the solvent, and TMS was used 
as the internal standard. Chemical shift values were stated in δ ppm. The melting points were determined 
with the assistance of a melting point equipment of VEEGO MODEL VMP-D. 
All the cell lines: MCF-7 (estrogen dependent) & MDA-MB-231(non-estrogen dependent) human breast 
adenocarcinoma epithelial cell lines, HEK-293 (human kidney carcinoma cell line), A549 (lung 
adenocarcinoma cell line), NIH/3T3 (embryonic mouse fibroblast cell line) were purchased from National 
Centre for Cell Science (NCCS), Pune, India. On receipt, the cell lines were passaged in our lab and the 
earliest passaged cells were cryopreserved in liquid nitrogen container for future use. The cell lines used 
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in culture were passaged for fewer than 8 weeks and were carefully maintained as described. The cells 
were maintained in Dulbecco's modified Eagle medium (DMEM) (Cell clone genetix brand, Catalogue No.: 
CC3004) complete media with 10% fetal bovine serum (Cell clone genetix brand, Catalogue No.: CCS-500-
SA-U3034)) and penicillin–streptomycin (50 U/ml, 50 mg/ml; HiMedia, Catalogue No.: A002) at 37°C, 
CO2 (5%) and air (95%). Around 70–80% confluency of cultured cells was used for seeding during the 
assays. Dulbecco's phosphate-buffered saline (Cell clone genetix brand, Catalogue No.: CC3034), trypan 
blue (Bio-Rad, catalogue no: 1450013). 
Synthesis 
Step-I: Synthesis of 2-(chloromethyl)-1H-benzo[d]imidazole 
O-Phenylenediamine (OPD) (1.08 gm, 0.01 mol.), chloroacetyl chloride (1.12 gm, 0.01 mol.) and 4N 
hydrochloric acid (100 cc.) were refluxed at 60-70 0C for about 3-4 hours. The mixture was allowed to 
stand overnight, filtered, diluted with 200 cc. of water, cooled and carefully neutralized with 6N sodium 
hydroxide (NaOH) solution. The solution was kept cold during the neutralization and stirred vigorously to 
prevent the formation of gums. After neutralization, the solution was stirred vigorously until the 
formation of light brown precipitate. The product was filtered, washed well with cold water. It was then 
placed in a vacuum desiccator until dry. The yields obtained were 87%. The product was obtained as 
yellowish-brown by recrystallization from dioxane; m.p. 150-152 0C (Lit. 147.8–148.2 0C). Care was taken 
while handling 2-(chloromethyl)-1H-benzimidazole since it is a powerful skin and mucous membrane 
irritant. The completion of the reaction was monitored by thin-layer chromatography (TLC) using 
Benzene: Methanol (8:2) solvent system. After visualization in the iodine chamber, the run of reaction 
mixture did not show the spot in front of the reactant (OPD) which indicates the completion of the 
reaction and the spot of the product was clearly observed[28]. 
Step-II: Synthesis of ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)amino)thiazole-4-carboxylate 
A mixture of 2-(chloromethyl)-1H-benzo[d]imidazole (3mmol), ethyl 2-aminothiazole-4-carboxylate 
(3mmol), and K2CO3 (3mmol) in 20 mL ethanol and 5 mL DMF was refluxed at 60-70 0C for about 8-10 
hours. Completion of the reaction was monitored by TLC (Ethyl acetate:benzene:ethanol; 4:4:2). After the 
reaction completion, the excess solvent was evaporated under reduced pressure, poured onto ice and the 
pH was adjusted to pH (6-8). The formed solid was collected by vacuum filtration. The obtained products 
have been studied for physical characterization and recrystallized using ethanol[29]. The % yield of the 
product was 79%. 
Step-III: Synthesis of ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)amino)thiazole-4-carboxylate derivatives 
Out of the 30 screened derivatives (AP31-AP60), AP35, AP37, AP41, AP42, AP47, AP48, AP50, AP51, 
AP55, and AP58 exhibited binding affinity greater than native ligand and formed four and more than four 
hydrogen bonds with enzyme are considered as most potent and hence selected for wet lab synthesis. 
Ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)amino)thiazole-4-carboxylate (1 mmol) and appropriate 
aldehydes (1 mmol) in glacial acetic acid (10 mL) and ethanol (10 mL) were refluxed for 1-1.5 hrs. The 
reaction mixture was then cooled and poured into ice-cold water and solid was filtered out. The dried 
solid was recrystallized from ethanol to give ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)amino)thiazole-
4-carboxylate derivatives. The completion of reaction was monitored using TLC using Ethyl 
acetate:benzene:ethanol (4:4:2) as solvent system[30,31]. The % yield of the products were between 45-
65%. The structures of the obtained products were then confirmed by FTIR, Mass, 1H NMR, and 13C NMRs. 
The proposed reaction scheme is depicted in Figure 3. The different substitutions used for designing of 
derivatives AP31 to AP60 are tabulated in Table 1. 
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Figure 3. The proposed reaction scheme for the synthesis of ethyl 2-(((1H-benzo[d]imidazol-2-
yl)methyl)amino)thiazole-4-carboxylate derivatives 

Spectral analysis of synthesized compounds 
Step-I: 2-(chloromethyl)-1H-benzo[d]imidazole 
Mol. Wt: 166.61, Rf value: 0.92, Melting point (0C): 150-152, Appearance: Yellowish brown solid, % yield: 
59. FT-IR (neat, cm -1) νmax: 3697.39 (NH- stretch), 3609.39 (-CH stretch), 2806.39 (-CH bend), 1891.49 
(-C=N stretch), 1866.37 (-C=C stretch), 1110.04 (-CN stretch), 781.39 (C-Cl). 1H NMR (300 MHz, 
Chloroform (d6), chemical shift (ppm)); δ 5.17 (d, NH of imidazole), 7.16, 7.17, 7.18, 7.19, 7.20, 7.21, 7.22, 
7.44, 7.45, 7.46, 7.47, 7.48, 7.56, 7.57, 7.58. (s, Ar- CH). 13C NMR (300 MHz, Chloroform (d6), chemical shift 
(ppm)); δ 14.82, 37.50, 116.54, 123.29, 124.07, 126.63, 135.70, 138.75, 154.23. MS: 168.28. 
Step-II: Ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)amino)thiazole-4-carboxylate 
Mol. Wt: 302.35, Rf value: 0.47, Melting point (0C): 168-170, Appearance: yellowish orange solid, % yield: 
79. FT-IR (neat, cm -1) νmax: 3559.18 (NH- stretch), 3419.57 (-CH stretch), 3118.47 (-CH bend), 1949.30 
(-C=N stretch), 1578.27 (-C=C stretch), 1136.20 (-CN stretch), 898.78 (-Cl). 1H NMR (300 MHz, 
Chloroform (d6), chemical shift (ppm)); δ 4.39 (d, NH of imidazole), 7.23, 7.24, 7.26, 7.30, 7.34, 7.35, 7.36, 
7.43, 7.44, 7.45 (s, Ar- CH), 8.94, 8.96 (d, NH of thiazole), 9.47 (s, NH). 13 C NMR (300 MHz, Chloroform 
(d6), chemical shift (ppm)); δ 18.47, 21.71, 43.03, 95.07, 112.46, 121.16, 123.76, 124.16, 129.48, 135.59, 
137.18, 143.52, 152.74, 161.64, 168.12. MS: 305.29. 
AP35: (E)-ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)((4-fluorocyclohexa-2,4-dien-1-ylidene) methyl) 
amino) thiazole-4-carboxylate 
Mol. Wt: 410.46, Rf value: 0.78, Melting point (0C): 177-179, Appearance: light brown solid, % yield: 61. 
FT-IR (neat, cm -1) νmax: 3681.14 (NH- stretch), 3626.78 (-CH stretch), 3010.21 (-CH bend), 1949.67 (-
C=N stretch), 1668.39 (-C=C stretch), 1438.45 (-CN stretch), 918.30 (-Cl). 1H NMR (300 MHz, Chloroform 
(d6), chemical shift (ppm)); δ 1.35, 1.36, 1.37 (-COOH), 4.39, 4.40, 4.41, 4.43 (d, NH of imidazole), 5.35, 
6.02, 6.04, 6.05, 6.35, 6.39, 6.80, 6.81 (-C6H5F), 7.17, 7.18, 7.19, 7.20, 7.45, 7.46, 7.47, 7.49, 7.57, 7.58 (s, 
Ar- CH), 8.94, 8.96 (d, NH of thiazole), 9.47 (s, NH). 13 C NMR (300 MHz, Chloroform (d6), chemical shift 
(ppm)); δ 14.34, 20.15, 2018, 28.32, 28.42, 50.44, 61.43, 93.02, 93.18, 96.43, 111.50, 118.89, 119.75, 
119.75, 119.77, 119.87, 120.05, 123.10, 132.52, 135.65, 137.11, 137.19, 141.25, 146.27, 149.69,158.29, 
160.24, 160.85, 160.92. MS: 411.13. 
AP37: (E)-ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)((4-methylcyclohexa-2,4-dien-1-ylidene)methyl) 
amino)thiazole-4-carboxylate 
Mol. Wt: 406.50, Rf value: 0.79, Melting point (0C): 199-201, Appearance: off white solid, % yield: 54. FT-
IR (neat, cm -1) νmax: 3905.29 (NH- stretch), 3343.56 (-CH stretch), 2974.58 (-CH bend), 2029.53 (-C=N 
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stretch), 1537.47 (-C=C stretch), 1106.17 (-CN stretch). 1H NMR (300 MHz, Chloroform (d6), chemical shift 
(ppm)); δ 1.35, 1.36, 1.37 (-COOH), 4.39, 4.40, 4.41, 4.43 (d, NH of imidazole), 5.63, 5.64, 5.65, 5.81, 6.68, 
6.69, 6.70, 6.81, 6.68, 6.69, 6.70, 6.81, 6.82, 6.83 (-C6H5F), 7.23, 7.24, 7.25, 7.32, 7.33, 7.39, 7.40, 7.48, 7.84, 
7.85 (s, Ar- CH). 13 C NMR (300 MHz, Chloroform (d6), chemical shift (ppm)); δ 14.34, 21.36, 21.61, 30.27, 
50.35, 61.43, 108.40, 113.43, 114.28, 115.88, 119.97, 123.10, 123.63, 134.26, 135.30, 136.58, 137.51, 
140.90, 141.23, 149.96, 160.92, 160.99, 164.30. MS: 408.00. 
AP41: (E)-ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)((3-hydroxycyclohexa-2,4-dien-1-ylidene)methyl) 
amino) thiazole-4-carboxylate 
Mol. Wt: 408.4, Rf value: 0.68, Melting point (0C): 261-263, Appearance: yellowish brown solid, % yield: 
63. FT-IR (neat, cm -1) νmax: 3651.48 (NH- stretch), 3387.37 (-CH stretch), 2934.12 (-CH bend), 2071.49 
(-C=N stretch), 1572.78 (-C=C stretch), 997.48 (-CN stretch). 1H NMR (300 MHz, Chloroform (d6), 
chemical shift (ppm)); δ 1.35, 1.36, 1.37 (-COOH), 4.39, 4.40, 4.41, 4.43 (d, NH of imidazole), 5.63, 5.64, 
5.65, 5.81, 6.68, 6.69, 6.70, 6.81, 6.68, 6.69, 6.70, 6.81, 6.82, 6.83 (-C6H6 O), 7.23, 7.24, 7.25, 7.32, 7.34, 7.49 
(s, Ar- CH). 13 C NMR (300 MHz, Chloroform (d6), chemical shift (ppm)); δ 14.34, 21.36, 21.36, 29.01, 
61.43, 78.85, 106.12, 113.81, 114.35, 120.95, 122.58, 123.85, 125.43, 134.46, 135.32, 136.46, 136.49, 
136.53, 140.81, 153.92, 160.25, 160.25, 160.91, 164.85. MS: 409.34. 
AP42: (E)-ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)((2,3,4-trihydroxycyclohexa-2,4-dien-1-ylidene) 
methyl) amino)thiazole-4-carboxylate 
Mol. Wt: 440.47, Rf value: 0.71, Melting point (0C): 269-271, Appearance: brownish sticky solid, % yield: 
50. FT-IR (neat, cm -1) νmax: 3629.77 (NH- stretch), 3098.41 (-CH stretch), 3069.89 (-CH bend), 1949.30 
(-C=N stretch), 1578.27 (-C=C stretch), 1136.20 (-CN stretch). 1H NMR (300 MHz, Chloroform (d6), 
chemical shift (ppm)); δ 1.35, 1.36, 1.37 (-COOH), 4.39, 4.40, 4.41, 4.43 (d, NH of imidazole), 5.35, 5.97, 
5.98, 5.99, 6.97, 6.98 (-C6H6 O), 7.14, 7.22, 7.23, 7.24, 7.28, 7.30, 7.34, 7.49, 7.95 (s, Ar- CH). 13 C NMR (300 
MHz, Chloroform (d6), chemical shift (ppm)); δ 14.34, 29.89, 61.43, 72.28, 102.05, 115.22, 117.78, 122.66, 
123.05, 123.19, 125.66, 136.59, 137.19, 138.17, 138.55, 14085, 148.82, 151.77, 153.89, 160.90, 161.00.. 
MS: 440.89. 
AP47: (E)-ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)((2,4-dinitrocyclohexa-2,4-dien-1-ylidene)methyl) 
amino)thiazole-4-carboxylate 
Mol. Wt: 442.47, Rf value: 0.85, Melting point (0C): 253-255, Appearance: brownish solid, % yield: 47. FT-
IR (neat, cm -1) νmax: 3609.77 (NH- stretch), 3267.38 (-CH stretch), 3002.46 (-CH bend), 1907.56 (-C=N 
stretch), 1510.39 (-C=C stretch), 992.08 (-CN stretch). 1H NMR (300 MHz, Chloroform (d6), chemical shift 
(ppm)); δ 1.35, 1.36, 1.37 (-COOH), 3.66, 3.67, 3.68, 4.39, 4.40, 4.41, 4.43, 5.35, 6.95, 6.96 (d, NH of 
imidazole), 7.23, 7.24, 7.25, 7.31, 7.32, 7.36, 7.38, 7.49, 7.81, 7.82, 7.83 (-C6H6 O), 8.03 (s, Ar- CH). 13 C NMR 
(300 MHz, Chloroform (d6), chemical shift (ppm)); δ 14.34, 21.36, 35.75, 61.43, 78.62, 108.42, 113.81, 
114.35, 122.58, 122.99, 123.26, 123.85, 134.46, 135.59, 136.49, 136.53, 140.81, 141.38, 141.42, 153.77, 
159.94, 160.91. MS: 482.78. 
AP48: (E)-ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)((4-(methylsulfonyl)cyclohexa-2,4-dien-1-ylidene) 
methyl)amino)thiazole-4-carboxylate 
Mol. Wt: 470.56, Rf value: 0.80, Melting point (0C): >280 (decomposed), Appearance: yellowish brown 
solid, % yield: 58. FT-IR (neat, cm -1) νmax: 3663.29 (NH- stretch), 3369.45 (-CH stretch), 2982.19 (-CH 
bend), 2073.49 (-C=N stretch), 1618.30 (-C=C stretch), 1052.19 (-CN stretch). 1H NMR (300 MHz, 
Chloroform (d6), chemical shift (ppm)); δ 1.35, 1.36, 1.37 (-COOH), 3.30, 3.31, 3.32, 3.44, 4.40, 4.41, 4.43, 
5.35, 6.25, 6.73, 6.74, 6.76, 6.84, 6.85 (d, NH of imidazole), 7.16, 7.17, 7.18, 7.19, 7.20, 7.21, 7.22, 7.45, 
7.47, 7.49, 7.57, 7.58 (-C6H6 O), 9.78 (s, Ar- CH). 13 C NMR (300 MHz, Chloroform (d6), chemical shift 
(ppm)); δ 14.34, 21.36, 26.22, 41.28, 61.43, 78.82, 113.81, 114.35, 122.58, 123.85, 124.40, 125.37, 12.36, 
131.05, 132.30, 134.46, 135.34, 136.49, 136.53, 140.81, 153.92, 160.26, 160.91. MS: 470.88. 
AP50: (E)-ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)((4-(trifluoromethyl)cyclohexa-2,4-dien-1-ylidene) 
methyl)amino)thiazole-4-carboxylate 
Mol. Wt: 460.47, Rf value: 0.65, Melting point (0C): 193-195, Appearance: pale yellow solid (Sticky), % 
yield: 52. FT-IR (neat, cm -1) νmax: 3769.45 (NH- stretch), 3489.44 (-CH stretch), 3084.51 (-CH bend), 
2190.45(-C=N stretch), 1791.17 (-C=C stretch), 1032.29 (-CN stretch). 1H NMR (300 MHz, Chloroform 
(d6), chemical shift (ppm)); δ 1.35, 1.36, 1.37 (-COOH), 3.30, 3.31, 3.32, 3.44, 4.40, 4.41, 4.43, 5.35, 6.25, 
6.73, 6.74, 6.76, 6.84, 6.85 (d, NH of imidazole), 7.16, 7.17, 7.18, 7.19, 7.20, 7.21, 7.22, 7.45, 7.47, 7.49, 
7.57, 7.58 (-C6H6 O), 9.78 (s, Ar- CH).13 C NMR (300 MHz, Chloroform (d6), chemical shift (ppm)); δ 14.34, 
21.36, 28.65, 28.67, 28.69, 28.70, 50.35, 61.43, 101.14, 101.17, 101.19, 101.22, 104.88, 104.92, 104.95, 
104.98, 113.43, 115.88, 118.04, 120.36, 122.39, 123.10, 123.63, 124.56, 131.40, 131.65, 131.89, 134.26, 
135.58, 140.85, 141.23, 149.96, 160.92, 160.99, 163.63, 163.65, 163.68, 163.71. MS: 461.00. 
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AP51: ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)(vinyl)amino)thiazole-4-carboxylate 
Mol. Wt: 328.39, Rf value: 0.84, Melting point (0C): 127-129, Appearance: pale orange solid, % yield: 46. 
FT-IR (neat, cm -1) νmax: 3620.18 (NH- stretch), 3239.19 (-CH stretch), 2673.19 (-CH bend), 2073.49 (-
C=N stretch), 1687.30 (-C=C stretch), 1508.39 (-CN stretch). 1H NMR (300 MHz, Chloroform (d6), chemical 
shift (ppm)); δ 1.35, 1.36, 1.37 (-COOH), 3.30, 3.31, 3.32, 3.44, 4.40, 4.41, 4.43, 5.35, 6.25, 6.73, 6.74, 6.76, 
6.84, 6.85 (d, NH of imidazole), 7.16, 7.17, 7.18, 7.19, 7.20, 7.21, 7.22, 7.45, 7.47, 7.49, 7.57, 7.58 (-C6H6 O), 
9.78 (s, Ar- CH). 13 C NMR (300 MHz, Chloroform (d6), chemical shift (ppm)); δ 14.34, 15.93, 61.43, 72.05, 
90.69, 100.35, 115.08, 121.15, 122.68, 134.22, 135.56, 137.03, 140.84, 150.76, 154.76, 154.49, 160.90, 
161.87. MS: 329.00. 
AP55: ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)(cyclopropylidenemethyl)amino)thiazole-4-carboxylate 
Mol. Wt: 354.43, Rf value: 0.78, Melting point (0C): 215-217, Appearance: blackish brown solid, % yield: 
49. FT-IR (neat, cm -1) νmax: 3587.22 (NH- stretch), 3029.23(-CH stretch), 2991.16 (-CH bend), 1909.12 
(-C=N stretch), 1596.20 (-C=C stretch), 1011.33 (-CN stretch). 1H NMR (300 MHz, Chloroform (d6), 
chemical shift (ppm)); δ 2.71, 4.39 (d, NH of imidazole), 5.16, 5.19, 5.39, 5.41, 5.68, 5.69, 5.70, 5.71, 5.72, 
6.57, 6.59, 6.60, 6.62 (cyclopropylidenemethyl)amino), 7.24, 7.25, 7.26, 7.33, 7.35, 7.36, 7.48, 7.64, 7.65 (s, 
Ar- CH). 13 C NMR (300 MHz, Chloroform (d6), chemical shift (ppm)); δ 2.53, 5.22, 14.34, 19.19, 53.99, 
61.43, 96.76, 111.76, 117.49, 123.01, 125.96, 132.68, 134.14, 138.49, 140.59, 146.47, 155.26, 160.92, 
162.41. MS: 353.18. 
AP58: (E)-ethyl 2-(((1H-benzo[d]imidazol-2-yl)methyl)((2,6-dimethylcyclohexa-2,4-dien-1-ylidene)methyl) 
amino)thiazole-4-carboxylate 
Mol. Wt: 420.53, Rf value: 0.83, Melting point (0C): 223-225, Appearance: brown solid (Sticky), % yield: 
60. FT-IR (neat, cm -1) νmax: 3794.10 (NH- stretch), 3549.89 (-CH stretch), 3129.78 (-CH bend), 1972.67 
(-C=N stretch), 1578.27 (-C=C stretch), 1019.46 (-CN stretch). 1H NMR (300 MHz, Chloroform (d6), 
chemical shift (ppm)); δ 1.19, 1.20, 1.35, 1.36, 1.37, 1.78, 1.79, 1.84, 2.42, 3.03, 3.05, 3.06, 4.39, 4.40, 4.41, 
4.41, 4.43 (d, NH of imidazole), 5.34, 6.18, 6.19, 6.20, 6.41, 6.43, 7.23, 7.24, 7.25, 7.28, 7.29, 7.31, 7.32,7.36, 
7.38, 7.49 (d, NH of thiazole), 9.45 (s, NH). 13 C NMR (300 MHz, Chloroform (d6), chemical shift (ppm)); δ 
14.43, 21.10, 21.14, 22.09, 30.86, 50.30, 80.11, 112.00, 114.37, 116.82, 123.15, 124.94, 124.96, 127.18, 
129.47, 132.15, 135.06, 135.08, 138.47, 142.08, 151.16, 153.70, 161.06, 162.46. MS: 420.06. 
Biological Evaluation 
VEGFR2 (KDR kinase inhibitory activity assay) 
All the reagents and working standards were prepared according to the BPS Biosciences (product code: 
40325, San Diego, CA, USA) to measure the VEGFR2 (KDR) kinase activity by quantification. Stock 
solutions of Pazopanib (Standard), and synthesized compounds (test inhibitor) were freshly prepared in 
dimethyl sulfoxide (DMSO) at a single concentration of 10 μM. Master mix (6 μl of 5x Kinase Buffer + 1 µl 
of 500 µM ATP + 1 µl of PTK Substrate (Poly-Glu, Tyr 4:1) (10 mg/ml) + 17 µl of distilled water) was 
prepared and 25 µl added to each well. 5 μl of test Inhibitors were added to each well at concentrations 
10-fold higher than the desired final concentrations (10 μM) except blank, standard, and positive control. 
Further, 5 μl of the standard was added to respective wells excluding wells of blank, test inhibitors, and 
positive control.  5 µl of the diluent solution was added to the blank and positive control wells 
respectively. 20 μl of 1x Kinase Buffer 1 was added to the blank wells. The reaction was initiated by 
adding 20 μl of diluted VEGFR2 (KDR) protein kinase (1 ng/µl) to the wells designated as positive control 
and test inhibitors. The plate was incubated at 30°C for 45 minutes. During the incubation, the Kinase-
Glo™ MAX reagent thawed and 50 µl of Kinase-Glo™ MAX reagent was added to each well at the end of the 
45-minute reaction. The plate was covered with aluminum foil and incubated at room temperature for 15 
minutes. Immediately read on microplate reader capable of reading luminescence. The Blank value was 
subtracted from all other readings. Results are presented as % VEGFR2 kinase activity inhibition at 10 µM 
and compared to Pazopanib as a reference VEGFR2 inhibitor. Further compounds which showed more 
than 50 % VEGFR2 kinase activity inhibition at 10 µM were used further. The inhibition of VEGFR2 (KDR) 
kinase activity was measured in the presence of increasing inhibitor concentrations. Results are 
expressed as the % of control (kinase activity in the absence of inhibitor, set at 100%). The IC50 values of 
test inhibitors were calculated by using different concentrations[32–34]. 
In-vitro Anticancer Activity (SRB assay) 
The cytotoxic activity of the compounds was evaluated by colorimetric SRB (Sulforhodamine B) assay. 
The cancer cell lines such as MCF-7 & MDA-MB-231 (Breast cancer), HEK-293 (Kidney cancer), A549 
(lung cancer) were used and Doxorubicin was kept as a positive control. Briefly, logarithmically growing 
cells were seeded in a 96-well plate (seeding density: MCF-7: 5,000 cells/well, MDA-MB-231 (10,000 
cells/well), HEK-293: 7,500 cells/well, and A549: 5,000 cells/well incubated for 24 hr in humidified 
condition (5% CO2) at 37°C and then observed under a microscope. Appropriate dilutions of test 

Patil and Baheti 



ABR Vol 14 [6] November 2023                                                          327 | P a g e                            © 2023 Author 

compounds were prepared and then added to the wells in triplicate along with DMSO as vehicle control. 
Then plates were incubated in 5% CO2 humidified condition at 37°C for 72 hr. At the end of the incubation 
period, each well was treated with 50 μl of ice-cold trichloroacetic acid (10% TCA) and it was further 
incubated for 1-2 hr at 4°C for cell fixation. To remove excess TCA, cells were washed with distilled water 
and allowed to dry in the air. After drying, 50 μl of SRB solution (0.045% w/v) was added to each well and 
allowed to stain at room temperature for 30 mins. The plate was washed with 1% v/v acetic acid to 
remove the unbound dye and was allowed to dry in the air. About 100 μl of 10 mM unbuffered tris base 
(pH 10.5) was added to each well and the plates were gently shaken for 5 mins on a shaker platform to 
extract the bound SRB. The absorbance was measured using an Epoch microplate reader at a wavelength 
of 510nm. 
A concentration of 25 μM of test compounds was used for initial screening in all cell lines. The ones with 
>50% inhibition were taken forward for GI50 determination (test compound concentration inhibiting 50% 
of the cell population). To determine the GI50 value of test compounds in respective cell lines, a total of 
nine concentrations (i.e. 0.5, to 100 μM) in triplicate were used. The GI50 was then calculated by 
regression analysis and expressed in μM using a mean of triplicate[35]. 
Half maximal growth inhibition (GI50) calculation  
The molecules exhibited a convincingly potential cytotoxic effect in most of the tested cancer cell lines 
and were found to be active at less than 50 μM concentration. Compounds indicating 50 % or more 
growth inhibition in tested cell lines were further screened at nine doses (i.e. 0.5 μM, 0.1, 5, 1, 5, 10, 30, 
50, and 100 μM) and growth inhibition was calculated as GI50 value reflecting the concentration of drugs 
required to cause 50 % cell growth inhibition[35–37]. 
 
RESULTS AND DISCUSSION 
In silico pharmacokinetic screening 
In present study we have designed and developed some ethyl 2-(((1H-benzo[d]imidazol-2-
yl)methyl)amino)thiazole-4-carboxylate derivatives as potential VGFR inhibitors. In accordance with 
Lipinski's and Veber's rule (Table 2), the log P values of all the molecules were between the ranges 0.22 to 
3.29 which indicates optimum lipophilicity. Lipophilicity is a significant feature of the molecule that 
affects how it works in the body. It is determined by the compound's Log P value, which measures the 
drug's permeability in the body to reach the target tissue. The molecular weight of all the molecules was 
around 500 Da which indicates active better transport of the molecules through biological membrane. 
Fortunately, the Lipinski rule of 5 had not been compromised by the compounds. All the compounds 
accepted the Lipinski rule of 5 .The total polar surface area (TPSA) and the number of rotatable bonds 
have been found to better discriminate between compounds that are orally active or not. According to 
Veber’s rule, TPSA should be ≤ 140 and number of rotatable bonds should be ≤ 10. It was observed that, 
compounds AP33, AP40, AP42, AP48 and AP56 violated the Veber’s rule, as it has TPSA 162.24, 162.24, 
177.11, 158.94 and 142.72 Å2. 
In order to further optimize the compounds, pharmacokinetics and drug-likeness properties were 
calculated for each one. All the compounds showed no penetration to the blood-brain barrier (BBB). The 
log Kp (skin penetration, cm/s) and bioavailability values of all the compounds were within acceptable 
limits. (Table 3).The GI absorption of all the compounds was found to be high except for AP33, AP39, 
AP40, AP41, AP42, AP43, AP46, AP47, AP48, AP50, AP56 and AP60. 
In acute toxicity predictions, it was concluded that, among the 30 screened molecules through ADMET 
analysis, all the compounds fall in class IV of toxicity [which means harmful if swallowed 
(300<LD50≤2000)] [13], which means they possess drug-like properties and hence were subjected to 
molecular docking studies (Table 4). 

Table 2. Lipinski rule of 5 and Veber’s rule calculated for molecules 

Compound  Codes 
Lipinski rule of five Veber’s rule 

Log P Mol. Wt. HBA HBD Violations Total polar surface  
area (Å2) 

No. of rotatable 
 bonds 

NL 4.62 536.58 8 1 0 104.16 8 
AP31 2.10 330.36 5 1 0 116.42 7 
AP32 3.48 406.46 5 1 0 116.42 8 
AP33 2.76 451.46 7 1 0 162.24 9 
AP34 4.02 485.35 5 1 0 116.42 8 
AP35 3.69 424.45 6 1 0 116.42 8 
AP36 3.96 440.90 5 1 0 116.42 8 
AP37 3.80 420.48 5 1 0 116.42 8 
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AP38 3.46 436.48 6 1 0 125.65 9 
AP39 3.03 422.46 6 2 0 136.65 6 
AP40 2.65 451.46 7 1 0 162.24 9 
AP41 3.04 422.46 6 2 0 136.65 8 
AP42 2.49 454.46 8 4 0 177.11 8 
AP43 3.02 452.48 7 2 0 145.88 9 
AP44 3.45 436.48 6 1 0 125.65 9 
AP45 3.87 432.49 5 1 0 116.42 9 
AP46 4.28 456.52 5 1 0 116.42 8 
AP47 1.96 496.45 9 1 0 129.10 10 
AP48 3.16 484.55 7 1 0 158.94 9 
AP49 3.45 449.53 5 1 0 119.66 9 
AP50 4.47 474.46 8 1 0 116.42 9 
AP51 2.30 344.29 5 1 0 116.42 7 
AP52 2.71 358.41 5 1 0 116.42 8 
AP53 3.06 372.44 5 1 0 101.42 9 
AP54 3.86 475.56 5 1 0 119.66 10 
AP55 2.76 370.43 5 1 0 116.42 8 
AP56 2.28 402.42 7 1 0 142.72 10 
AP57 3.72 412.51 5 1 0 116.42 8 
AP58 4.39 448.54 5 1 0 116.42 8 
AP59 4.13 434.51 5 1 0 116.42 8 
AP60 5.19 506.57 5 1 1 116.42 8 

Where: Mol. Wt., molecular weight; HBA, hydrogen bond acceptors; HBD, hydrogen bond donors 
Table 3. The pharmacokinetics and drug-likeness properties of developed compounds 

Com
pound codes 

Pharmacokinetics Drug-likeness 

GI abs. 

BBB pen. 

P-gp sub. 

CYP1A2 

CYP2C19 

CYP2C9 

CYP2D
6 

CYP3A4 

LogK
p 

(skin 
perm

eation, 
cm

/s) 

Ghose 

Egan 

M
uegge 

Bioavailability Score inhibitors 

NL H N Y N Y Y Y Y -6.46 N Y Y 0.55 
AP31 H N N N Y Y N N -6.68 Y Y Y 0.55 
AP32 H N N N Y Y N Y -5.97 Y Y Y 0.55 
AP33 L N N N Y Y N Y -6.37 Y N N 0.55 
AP34 H N N N Y Y N Y -5.97 N Y Y 0.55 
AP35 H N N N Y Y N Y -6.01 Y Y Y 0.55 
AP36 H N N N Y Y N Y -5.74 Y Y Y 0.55 
AP37 H N N N Y Y N Y -5.80 Y Y Y 0.55 
AP38 H N N N Y Y N Y -6.18 Y Y Y 0.55 
AP39 L N N N Y Y N Y -6.32 Y N Y 0.55 
AP40 L N N N Y Y N Y -6.37 Y N N 0.55 
AP41 L N N N Y Y N Y -6.32 Y N Y 0.55 
AP42 L N N N N Y N Y -6.63 Y N N 0.55 
AP43 L N N N Y Y N Y -6.53 Y N Y 0.55 
AP44 H N N N Y Y N Y -6.18 Y Y Y 0.55 
AP45 H N N N Y Y N Y -5.83 Y Y Y 0.55 
AP46 L N N N Y Y N Y -5.39 Y Y N 0.55 
AP47 L N N N Y Y N Y -6.77 N N N 0.55 
AP48 L N N N Y Y N Y -6.99 N N N 0.55 
AP49 H N N N Y Y N Y -6.15 Y Y Y 0.55 
AP50 L N N Y Y Y N Y -5.67 N N Y 0.55 
AP51 H N N N Y Y N N -6.77 Y Y Y 0.55 
AP52 H N N Y Y Y N Y -6.53 Y Y Y 0.55 
AP53 H N N Y Y Y N Y -6.36 Y Y Y 0.55 
AP54 H N N N Y Y N Y -6.01 N Y Y 0.55 
AP55 H N N Y Y Y Y Y -6.61 Y Y Y 0.55 
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AP56 L N N N Y Y N Y -6.66 Y N Y 0.55 
AP57 H N N N Y Y Y Y -5.71 Y Y Y 0.55 
AP58 H N N N Y Y N Y -5.45 Y Y N 0.55 
AP59 H N N N Y Y N Y -5.63 Y Y Y      0.55 
AP60 L N N N Y Y N Y -4.81 N N N 0.55 

Where: NL, Native ligand; GI abs., gastrointestinal absorption; BBB pen., blood brain barrier penetration; 
P-gp sub., p-glycoprotein substrate 

Table 4. The predicted acute toxicity of molecules 

Compound 
codes 

Parameters 

LD50 
(mg/kg) 

Toxici
ty 
class 

Prediction 
accuracy 
(%) 

Hepatoto
xicity  

Carcinoge
nicity  

Immunoto
xicity  

Mutageni
city  

Cytotoxi
city  

(Probability) 
NL 800 4 23 I (0.55) I (0.53) A (0.95) I (0.54) I (0.63) 
AP31 1000 4 67.38 I (0.63) I (0.58) I (0.80) I (0.57) I (0.66) 
AP32 1000 4 67.38 I (0.63) I (0.58) I (0.83) I (0.56) I (0.66) 
AP33 1000 4 67.38 I (0.57) A (0.67) A (0.55) A (0.87) I (0.69) 
AP34 1000 4 67.38 I (0.59) I (0.59) A (0.56) I (0.61) I (0.60) 
AP35 1000 4 67.38 I (0.59) I (0.59) A (0.60) I (0.61) I (0.65) 
AP36 1000 4 67.38 I (0.59) I (0.59) I (0.54) I (0.60) I (0.64) 
AP37 1000 4 67.38 I (0.65) I (0.61) I (0.90) I (0.55) I (0.65) 
AP38 1000 4 67.38 I (0.64) I (0.61) A (0.67) I (0.52) I (0.56) 
AP39 1000 4 67.38 I (0.63) I (0.61) I (0.69) I (0.58) I (0.59) 
AP40 1000 4 67.38 I (0.57) A (0.67) A (0.66) I (0.87) I (0.69) 
AP41 1000 4 67.38 I (0.63) I (0.61) A (0.75) I (0.58) I (0.59) 
AP42 1000 4 67.38 I (0.62) I (0.64) A (0.59) I (0.59) I (0.55) 
AP43 1000 4 67.38 I (0.65) I (0.63) A (0.93) I (0.55) I (0.52) 
AP44 1000 4 67.38 I (0.64) I (0.60) A (0.50) I (0.55) I (0.52) 
AP45 1000 4 67.38 I (0.63) I (0.58) I (0.53) I (0.57) I (0.65) 
AP46 1000 4 67.38 I (0.63) I (0.58) A (0.52) I (0.56) I (0.66) 
AP47 1000 4 54.26 I (0.59) A (0.62) A (0.83) A (0.85) I (0.65) 
AP48 1000 4 51.05 I (0.55) I (0.66) A (0.55) I (0.69) I (0.61) 
AP49 1000 4 67.38 I (0.63) I (0.64) A (0.58) I (0.55) I (0.61) 
AP50 1000 4 67.38 I (0.61) I (0.59) I (0.57) I (0.58) I (0.64) 
AP51 1000 4 67.38 I (0.67) I (0.62) I (0.97) I (0.58) I (0.65) 
AP52 1000 4 67.38 I (0.68) I (0.62) I (0.95) I (0.61) I (0.67) 
AP53 1000 4 67.38 I (0.72) I (0.60) I (0.91) I (0.64) I (0.68) 
AP54 1000 4 54.26 I (0.62) I (0.63) A (0.87) I (0.57) I (0.61) 
AP55 1000 4 67.38 I (0.65) I (0.59) I (0.78) I (0.54) I (0.68) 
AP56 1000 4 67.38 I (0.66) I (0.60) I (0.96) I (0.58) I (0.64) 
AP57 1000 4 67.38 I (0.71) I (0.59) I (0.85) I (0.57) I (0.69) 
AP58 1000 4 67.38 I (0.68) I (0.63) I (0.83) I (0.55) I (0.58) 
AP59 1000 4 67.38 I (0.68) I (0.63) I (0.77) I (0.55) I (0.58) 
AP60 1000 4 67.38 I (0.63) I (0.58) I (0.58) I (0.56) I (0.66) 

Where: I, Inactive; A, Active 
Screening of derivatives through molecular docking 
The binding affinities of the derivatives have been compared with the binding mode of native ligand 
present in the crystal structure of VEGFR-2 enzyme (PDB ID: 6XKV). The active amino acid residues, bond 
length, bond category, bond type, ligand energies, and binding affinities of the most potent derivatives are 
in detail tabulated in Table 5. The docking poses are depicted in Figure 4.  
The compound AP35 exhibited -8.7 kcal/mol of binding affinity and formed four conventional hydrogen 
bonds and three carbon hydrogen bonds with Glu885, Cys1024, Ile1025 and Asp1046. It also showed 
some hydrophobic interactions (Pi-Sigma, Pi-Alkyl) with Ile888, Leu889 and Ala881. The compound AP37 
exhibited -8.7 kcal/mol of binding affinity and formed four conventional hydrogen bonds and three 
carbon hydrogen bonds with Glu885, Cys1024, Ile1025 and Asp1046. It also showed some hydrophobic 
interactions (Pi-Sigma, Alkyl, Pi-Alkyl) with Ile888, Leu889 and Ala881. 
The compound AP41 showed -8.8 kcal/mol of binding affinity and formed four conventional hydrogen 
bonds and three carbon hydrogen bonds with Glu885, Ala881, Cys1024, Ile1025 and Asp1046. It also 
showed some hydrophobic interactions (Pi-Sigma, Pi-Alkyl) with Ile888, Leu889 and Ala881. The 
compound AP42 showed -8.9 kcal/mol of binding affinity and formed six conventional hydrogen bonds 
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with Gly1102, Ala881, Arg1051 and Asp1056. It also showed some hydrophobic interactions (Pi-Alkyl) 
withLys1055, Arg1032 and electrostatic interactions (Pi-Anion) with Asp1056 and Asp1058. 
The compound AP47 showed -9.1 kcal/mol of binding affinity and formed seven conventional hydrogen 
bonds with Leu840, Asp1058, Arg1032, Asn923, Ser925 and Arg1051. It also showed some hydrophobic 
interactions (Pi-Alkyl) with Pro839, Arg842 and Arg1032. The compound AP48 showed -9 kcal/mol of 
binding affinity and formed five conventional hydrogen bonds with Asp1046, Lys868, Arg1027, Leu1049 
and one Carbon hydrogen bond with Gly1048. It also showed some hydrophobic interactions (Pi-Pi T-
shaped, Alkyl, Pi-Alkyl) with His1026, Ala881, Leu1049, Arg1027, and electrostatic interactions (Pi-
Anion) Glu885, Asp1046. The compound AP50 showed -8.9 kcal/mol of binding affinity and formed seven 
conventional hydrogen bonds with Asp1046, Lys868, Arg1027, Leu1049 and one carbon hydrogen bond 
with Gly1048. It also showed some hydrophobic interactions (Alkyl, Pi-Alkyl) with Ala881, Leu1049, 
Arg1027, Ile888, Leu1019, Cys1024, and electrostatic interactions (Pi-Anion) with Glu885. 
The compound AP51 showed -8.8 kcal/mol of binding affinity and formed four conventional hydrogen 
bonds with Lys868, Arg1027, Leu1049 and one carbon hydrogen bond with His1026. It also showed 
some hydrophobic interactions (Pi-Alkyl) with Arg1027 and electrostatic interactions (Pi-Anion) with 
Glu885, Asp1028, and Asp1046. The compound AP55 showed -8.9 kcal/mol of binding affinity and 
formed four conventional hydrogen bonds with Lys868, Arg1027, Leu1049 and one carbon hydrogen 
bond with His1026. It also showed some electrostatic interactions (Pi-Anion) with Asp1028, Asp1046. 
The compound AP58 showed -9 kcal/mol of binding affinity and formed four conventional hydrogen 
bonds with Glu885, Cys1024, Ile1025 and one carbon hydrogen bond with Glu885, Ile1025. It also 
showed some hydrophobic interactions (Pi-Sigma, Pi-Alkyl) with Leu889, Val898, Leu889, Ile888, and 
Ala881. Out of the 30 screened derivatives, AP35, AP37, AP41, AP42, AP47, AP48, AP50, AP51, AP55, 
and AP58 exhibited binding affinity greater than native ligand and formed four and more than four 
hydrogen bonds with enzyme are considered as most potent and hence selected for wet lab synthesis 
followed by biological evaluation. 
Table 5. The active amino residues, bond length, bond category, bond type, ligand energies, and docking 

scores 
Active Amino acid Bond length Bond Type Bond Category Ligand Energy Docking score 

AP35 

GLU885 
2.61482 

Hydrogen 
Bond 

Conventional Hydrogen 
Bond 

929.35 -8.7 

2.37758 

CYS1024 2.73732 

ILE1025 2.46504 

GLU885 2.85922 

Carbon Hydrogen Bond ASP1046 3.41824 

ILE1025 3.16985 

ILE888 3.78589 

Hydrophobic 

Pi-Sigma 
LEU889 3.74502 

LEU889 4.99634 
Pi-Alkyl 

ALA881 4.79262 

AP37 

GLU885 
2.60207 

Hydrogen 
Bond 

Conventional Hydrogen 
Bond 

928.83 -8.7 

2.41676 

CYS1024 2.78553 

ILE1025 2.34923 

GLU885 2.88147 

Carbon Hydrogen Bond ASP1046 3.46027 

ILE1025 3.21713 

ILE888 3.75549 Hydrophobic Pi-Sigma 
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LEU889 3.89984 

ALA881 4.15081 Alkyl 

LEU889 5.06642 
Pi-Alkyl 

ALA881 4.76597 

AP41 

GLU885 2.28696 

Hydrogen 
Bond 

Conventional Hydrogen 
Bond 

929.15 -8.8 

ALA881 2.51187 

CYS1024 2.73747 

ILE1025 2.4988 
GLU885 2.90277 

Carbon Hydrogen Bond ASP1046 3.30094 
ILE1025 3.21427 
ILE888 3.85261 

Hydrophobic 
Pi-Sigma LEU889: 3.69903 

LEU889 5.03892 
Pi-Alkyl ALA881 4.89391 

AP42 

ASP1056 
2.51394 

Hydrogen 
Bond 

Conventional Hydrogen 
Bond 

959.91 -8.9 

2.70806 
ASP1056 2.66281 
GLY1102 2.33835 
ARG1051 1.87039 

ARG1051 2.64242 

ASP1056 4.78197 Electrostatic Pi-Anion 
ASP1058 4.98601 
LYS1055 4.9248 Hydrophobic Pi-Alkyl ARG1032 5.11637 
AP47 

LEU840 2.5405 

Hydrogen 
Bond 

Conventional Hydrogen 
Bond 

1094.37 -9.1 

2.79287 
ASP1058 2.13806 
ARG1032 2.29341 
ASN923 2.70085 
SER925 2.71798 
ARG1051 1.89065 
PRO839 5.31223 

Hydrophobic Pi-Alkyl ARG842 4.88384 
ARG1032 5.21409 

AP48 
ASP1046 2.3222 

Hydrogen 
Bond 

Conventional Hydrogen 
Bond 

1162.06 -9 

LYS868 1.91745 

ARG1027 2.12435 

ARG1027 2.13972 

LEU1049 2.60684 

GLY1048 3.16094 Carbon Hydrogen Bond 

GLU885 4.71955 
Electrostatic Pi-Anion 

ASP1046 4.00467 

HIS1026 5.18136 

Hydrophobic 

Pi-Pi T-shaped 

ALA881 4.31512 
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Native ligand 

Figure 4. The docking poses of native ligand and most potent derivatives 
Biological Evaluation 
VEGFR2 (KDR kinase inhibitory activity assay) 
All the synthesized compounds were screened to evaluate their ability to inhibit VEGFR2 kinase activity 
using Pazopanib as a reference compound. The VEGFR2 kinase inhibition assay was performed at a 
testing dose of 10 μM (Figure 5). The VEGFR2 inhibitory activity of these compounds was analyzed and 
compared with the reference VEGFR2 inhibitor (Table 6). 

Table 6. The % VEGFR2 kinase inhibition at 10 µM 
Comp. Code % VEGFR2 kinase Inhibition at 10 µM 
AP35 41.04 ± 1.28 
AP37 24.04 ± 1.37 
AP41 33.11 ± 2.65 
AP42 27.64 ± 0.91 
AP47 87.72 ± 1.32 
AP48 74.27 ± 0.89 
AP50 63.11 ± 0.99 
AP51 47.72 ± 2.16 
AP55 37.61 ± 1.12 
AP58 44.51 ± 1.26 
Pazopanib 100 ± 1.05 
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Figure 4. Screening of compounds against VEGFR2 kinase activity at 10 μM 

 
Amongst the tested compounds, three compounds (AP47, AP48, and AP50) inhibited VEGFR2 kinase by 
more than 50%. Compounds AP47, AP48, and AP50 were found to be the most active VEGFR2 inhibitor 
that exhibited 87.72, 74.72, and 63.11% inhibition respectively at 10 μM. They were selected and 
subjected to IC50 value determination (Table 7). Compounds AP47 and AP50 showed excellent VEGFR2 
kinase inhibitory activity at IC50 2.77 and 4.90 µM respectively whereas pazopanib displayed VEGFR2 
kinase inhibitory activity at 0.092 µM. Compound AP47 was found to be the most potent VEGFR2 
inhibitor. 

Table 7. IC50 values of compounds as VEGFR2 kinase inhibitors 
Sr. No. Comp. Code Enzyme kinase Inhibition IC50 ( µM) 
1 AP47 2.77 ± 0.48 
2 AP48 4.90 ± 0.13 
3 AP50 6.13 ± 0.65 
4 Pazopanib 0.092 ± 0.43 

In-vitro Anticancer Activity (SRB assay) 
Compound Screening 
The cytotoxicity of synthesized compounds was evaluated against five cancerous cell lines breast (MCF-7 
& MDA-MB-231), kidney (HEK-293), and lung (A549) via SRB assay.  Initially, synthesized compounds 
were evaluated for biological screening using SRB assay at a single dose of each compound (25 μM). 
Doxorubicin (DOX) was used as a positive control. The results obtained from biological screening data are 
presented in Table 8 and Figure 5.  
Among them, it has been noticed that compounds (AP41, AP47, AP48, AP50, AP55 and AP58) showed 
% cell viability less than 50% against A-549, MCF-7 and HEK-293. All the tested compounds (except 
AP47) showed <50% inhibition against MDA-MB-231 at 25 μM concentration. Compounds that displayed 
>50% inhibition at 25 μM concentration were further taken up for GI50 determination (Table 9). 

Table 1. % Cell viability obtained from biological screening at 25 μM 
 
 
 
 
 
 
 
 
 
 
 
 

Comp. code % Viability at 25 M 
MCF-7 HEK-293 A-549 MDA-MB-231 

AP35 74.8042 65.2389 64.5269 78.4069 
AP37 68.6945 68.4697 68.6378 72.2756 
AP41 50.0291 49.7678 50.0064 62.8754 
AP42 67.6248 61.2658 62.4682 57.8523 
AP47 37.1365 37.5987 32.6217 48.0069 
AP48 44.2236 41.3789 39.9657 64.1662 
AP50 45.2789 45.1246 42.4324 67.8962 
AP51 55.0123 73.6892 68.7324 71.7894 
AP55 47.2984 47.7429 46.2984 65.5746 
AP58 49.1786 48.9634 48.6547 56.7846 
DOX 1.314 2.325 3.3126 2.395 
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Figure 5. Screening of compounds against a) MCF-7, b) HEK-293, c) A-549 d) MDA-MB-231 cells at 25 μM 
Table 9. GI50 values of screened compounds against various cell lines 

Among the tested compounds, it has been noticed that compound AP47 was found to be the most potent 
compound against A-549, HEK-293, and MCF-7 with GI50 values of 6.13, 8.24, and 9.36 μM, respectively. 
Only this compound showed moderate cytotoxicity against MDA-MB-231(GI50 =23.65 μM). Compound 
AP48 showed good anti-cancer activity against A-549 at GI50 values of 8.07 μM, respectively. Compounds 
(AP41, AP50, AP55, and AP58) showed moderate potency against A-549, MCF-7 and HEK-293 (<25 μM). 
Concentration response curved of the most active compound (AP47) are shown in Figure 6. 

Comp. code GI50 ± SD (µM) 
MCF-7 HEK-293 A-549 MDA-MB-231 

AP41 21.25 ± 0.904 20.29 ± 1.036 17.08 ± 1.121 - 
AP47 9.36 ± 1.173 8.24 ± 1.301 6.13 ± 1.198 23.65 ± 0.749 
AP48 13.12 ± 1.089 11.89 ± 1.076 8.07 ± 1.721 - 
AP50 16.55 ± 1.006 13.23 ± 1.043 11.25 ± 1.135 - 
AP55 19.08 ± 1.015 15.36 ± 1.176 12.54 ± 1.074 - 
AP58 20.13 ± 1.307 17.31 ± 1.164 14.47 ± 1.486 - 
DOX 1.28 ± 1.193 4.89 ± 0.849 1.12 ± 0.687 2.25 ± 1.082 
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Figure 6. The concentration response curved of the most active compound (AP17) 

Structure-activity relationship (SAR)  
SAR studies of the synthesized benzo-imidazole compounds revealed the anti-cancer activity dependent 
on the type of substitutions present on the cyclohexadiene ring attached to the benzo-imidazole ring. The 
presence of thiazole-4-carboxylate linked through methyl amino to benzo-imidazole ring showed 
improved activity against A-549, HEK-293, and MCF-7 cancer cell lines. Among the tested compounds, 
most of the compounds were found to be active against A-549 (lung), MCF-7 (breast), and HEK-293 
(kidney) cancer cell lines. All the tested compounds exhibited poor anti-proliferative activities (> 25 μM) 
against MDA-MB-231 (except compound AP47). The compound AP47 was found to be most cytotoxic 
(IC50 < 10 μM) against MCF-7, HEK-293, and A-549 cell lines except MDA-MB-231. This potent compound 
AP47 possesses a 2, 4-dinitro substituted cyclohexadiene ring exhibited potential cytotoxic activity (IC50 
= 6.13 μM) against the A-549 cell line among the series. This compound also showed good activity against 
HEK-293 and MCF-7 IC50 values of 8.24 μM and 9.36 μM, respectively.   
The presence of electron withdrawing groups such as (-NO2, -CF3) at the 4th position enhances the anti-
cancer activity whereas the presence of electron donating group (–CH3) at the 4th position on the 
cyclohexadiene ring decreases the activity. Interestingly, the compound (AP58) bearing 2, 6 di-methyl 
substituted cyclohexadiene exhibited superior cytotoxicity than the mono-substituted compound (AP37).  
The presence of (–CH3) at the 2nd and 4th position of the cyclohexadiene ring enhances the cytotoxicity. 
The replacement of this ring with a cyclopropylidene ring decreases the activity against cancer cell lines. 
However, the compounds bearing –SO2CH3 substitution at the 4th position (AP48) showed improved 
cytotoxicity against A-549 and HEK-293 cells with IC50 values of 8.07  and 11.89 μM, respectively.  The 
anti-cancer activity of compound AP41 showed inferior cytotoxicity against all the tested cell lines due to 
the presence of the –OH group at the 3rd position on the cyclohexadiene ring. A summary of results from 
the SAR study is presented in Figure 7. 

 
Figure 7. SAR study of benzo-imidazo linked cyclohexa-dienylidene-methylamino thiazole-4-carboxylate 

as a potent anti-cancer agent. 
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CONCLUSION 
VEGFR-2 is an acronym for Vascular Endothelial Growth Factor Receptor 2, a protein that has a crucial 
function in the creation of blood vessels, also known as angiogenesis. VEGFR-2 kinase inhibitors are a 
notable breakthrough in cancer therapy since they specifically target the crucial mechanism of 
angiogenesis. In conclusion, our comprehensive investigation into the design and development of ethyl 2-
(((1H-benzo[d]imidazol-2-yl)methyl)amino)thiazole-4-carboxylate derivatives as potential VEGFR-2 
kinase inhibitors for cancer treatment has yielded promising results. Notably, AP47 emerged as the most 
potent VEGFR2 inhibitor, displaying excellent kinase inhibitory activity at GI50 2.77 µM. The compound 
demonstrated significant anti-cancer efficacy across A-549, HEK-293, and MCF-7 cell lines, with the 
lowest GI50 values among the tested compounds. Further, the SAR studies highlighted the influence of 
substituents on the cyclohexadiene ring attached to the benzo-imidazole ring, with thiazole-4-carboxylate 
linked through methyl amino showing improved anti-cancer activity. While compound AP47 showcased 
remarkable potential, other compounds, such as AP48, AP41, AP50, AP55, and AP58, exhibited varying 
degrees of potency against cancer cell lines. These findings underscore the promise of these compounds 
as VEGFR2 kinase inhibitors, suggesting a potential avenue for future therapeutic applications in cancer 
treatment. The results from this study contribute valuable insights into the molecular design of novel 
agents targeting VEGFR-2, furthering our understanding of potential avenues for the development of 
effective cancer therapies. 
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