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 Abstract: Background: Breast cancer is the most common cancer in women. Tyrosine kinase inhibi-
tors were developed to treat breast cancer. EGFR/ErbB1 inhibition has proved to be a promising 
target in breast carcinoma therapy. Drugs with benzimidazole nucleus have been approved by the 
FDA for cancer treatment. 

Objective: To design and develop benzimidazole anticancer small molecules for EGFR inhibition for 
the treatment of breast cancer. 

Methods: By 3D-QSAR-based virtual screening, molecular docking, molecular simulation and drug 
likeness study. 

Results: In this research, a 3D-QSAR pharmacophore was generated with four salient features. 
Namely H-bond acceptor (HBA), two ring aromatic (RA) and hydrophobic (HY) features. Its corre-
lation-coefficient (r) is 0.8412, RMSD of 0 .96 and with 32.84 bits cost difference value. With virtual 
screening, 4 top hits were identified. Novel benzimidazole derivatives were designed (1a-ll) by using 
the features of hit molecules and the pharmacophore. The novel designed small molecules that were 
druggable as they passed the Lipinski and Veber rule. Novel ligands and EGFR protein interaction 
were good. 1a and 1i were found to be the best-designed molecules. They had -8.6 Kcal/mol and -8.4 
Kcal/mol docking interaction energy, respectively, whereas Compound 4 (reference) scored -7.4 
Kcal/mol. Both these molecules were stable inside the binding pocket of the EGFR protein. The mo-
lecular dynamic simulation study revealed that 1a attained equilibrium at 0.15nm. 

Conclusion: In silicon novel benzimidazole small molecules were designed and developed as EGFR 
inhibitors to treat breast cancer. 
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1. INTRODUCTION 

 Cancer is a disease which led to 9.6 million deaths in the 
previous decades [1]. It is reported that females suffer from 
breast, stomach, liver, bone, lung, colon leukemia, and cervi-
cal cancer [2]. World Health Organization (WHO) states that 
cancer has increased mortality worldwide [3]. Among 19.3 
million cases of reported cancers in 2020, 2.3 million were 
breast cancer cases [4]. 

 Chemotherapy, hormone therapy, radiotherapy, surgical 
removal, and immunotherapy are used in the treatment of 
cancer. Currently, many small molecules have been  
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developed to treat this disease [5-8]. Recently, benzimidaz-
ole derivatives have been developed into anticancer drugs.  

 The benzimidazole nucleus has minimal toxicity; hence, it 
is an excellent scaffold for the development of anticancer 
agents. Benzimidazole (also known as 1H-benzimidazole, 
1,3-benzodiazole, benzoglyoxaline, iminazole, and imidaz-
ole) is made up of an aromatic benzene ring fused with an 
imidazole ring at 4,5-position. The proton on the first Nitro-
gen exhibits tautomerism after aprotic solvent interaction [9, 
10]. Among the US Food and Drug Administration (FDA) 
approved drug benzimidazole heterocycle is among the top 
ten [11].  

 Anticancer agents with benzimidazole ring have been 
reported. They are categorized as DNA intercalation and 
alkylating agents, androgen receptor antagonists, and inhibi-
tors of poly(ADP-ribose) polymerase (PARP), topoisomer-
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ase, protein kinase, dihydrofolate reductase and microtubule 
[12, 13]. 

 Some of the well-known drugs having benzimidazole 
scaffold are displayed in Table 1 with their biological targets 
and uses [14]. 

1.1. Epidermal Growth Factor Receptor (EGFR/HER-1) 

 The epidermal growth factor receptor (EGFR/HER-1) is 
the most prioritized molecular cancer target. EGFR is over-
expressed in tumor cells. EGFR is a member of the 
ErbB/EGFR family of tyrosine kinase receptors. It gives 
signals to cells, which are activated by heregulin-like EGFR 
ligands, for cell proliferation in homeostasis [15]. The 
growth factor ligands (i.e. EGF) bind to EGFR and make an 
active homodimer. After EGFR dimerization (homo or het-
ero-dimerization), it stimulates intrinsic intracellular tyrosine 
kinase. This leads to downstream activation followed by 
signaling through phosphotyrosine binding (SH2) domains. 
Signaling pathways, like mitogen-activated protein kinase 
(MAPK), Protein kinase B (Akt) and Jun N-terminal kinase 
(JNK); such proteins alter phenotypes such as cell migration, 
adhesion and cell proliferation [16, 17]. 

 The role of the ErbB family in breast carcinoma has led 
to the development of Abemaciclib, Lapatinib, Erlotinib, 
Imatinib and other tyrosine kinase inhibitors. FDA-approved 
EGFR/ErbB1 inhibitors are used to treat breast cancer, non-
small cell lung cancer and chronic myeloid leukemia [18]. 
Imatinib used in chronic myeloproliferative diseases exhibit 
cardiotoxicity [19]. 

 Lapatinib acts as a dual inhibitor of EGFR and HER2 
tyrosine kinases and is used in metastatic breast cancer 
chemotherapy [20]. Erlotinib and Gefitinib produce skin 
rashes [21]. Many protein tyrosine kinase inhibitors exhibit 
poor bioavailability. Thus, there is a requirement for novel 
anticancer agents with better oral bioavailability and low 
toxicity profile.  

 In the current research work, novel small molecules with 
a benzimidazole core that have better ADMET properties, 
are designed for EGFR inhibition, using 3D-QSAR pharma-
cophore-based virtual screening, docking and molecular dy-
namic simulation studies.  

2. MATERIALS AND METHODS 

2.1. 3D-QSAR Pharmacophore Development 

 All compounds were drawn with Chem Draw Ultra 12.0 
Using Accelrys Discovery Studio 3.5 (DS 3.5) window, and 
its CHARMm force field 3D-QSAR pharmacophore was 
produced. The H-bond acceptor (HBA), ring aromatic (RA) 
and hydrophobic (HY) were the main features. With 255 
conformations, 20.0 kcal/mol energy, 0.3 weight, 3 uncer-
tainty, 1.5 Å inter-feature spacing, the training set comprised 
of small molecules enlisted in Table 1. The HypoGen algo-
rithm of DS 3.5 produced 10 hypotheses and were analyzed 
by cost analysis. The summation of the weight, error, and 
configuration costs made up the total cost. The root mean 
square (rms) difference between the estimated and predicted 
activity of the training set molecules influenced the error 
cost, which counter affects the total cost. The pharmaco-

phore model was further validated using cost analysis, 
Fischer’s test and external test set validation [22]. 

2.2. Virtual Screening of Chemical Database 

 A pharmacophore-based virtual screening of the ZINC 
database was done. The validated pharmacophore model was 
used as an input query to search for potential hits from 
727842 molecules of the ZINC database using the ‘Flexible 
search’ tool in DS software. 

 Among the screened molecules, the top hit structural con-
figuration was studied. Its features were incorporated to de-
sign novel molecules as EGFR inhibitors. These newly de-
signed molecules were studied for drug likeliness, docking 
and simulation studies. In the context of molecular docking 
experiments, the charges on both the proteins and ligands 
were explicitly considered to ensure accurate docking inter-
actions. The proteins were prepared by assigning partial 
atomic charges based on the CHARMM27 force field, while 
the ligands were optimized and assigned charges using the 
Gasteiger method.  

2.3. Molecular Docking  

2.3.1. Protein Preparation 

 The 3D structure of the protein EGFR kinase with the 
PDB ID: 3W2S was downloaded from the Protein Data Bank 
via the Protein Preparation Wizard in Maestro. Several pre-
processing steps were applied to the protein, including as-
signing bond orders, removing original hydrogens, adding 
hydrogens, establishing zero-order bonds to metals, forming 
disulfide bonds, converting seleno-methionines to methio-
nines, addressing missing side chains and loops through 
Prime, eliminating water molecules farther than 5 Å from 
hetero groups, and generating hit states using Epik at pH 7.0 
± 2.0. Subsequently, the protein underwent refinement em-
ploying PROPKA at pH 7.0, and its structure was optimized. 
The protein was further subjected to restrained minimization 
utilizing the OPLS3 force field as described in previous 
works. 

2.3.2. Receptor Grid Generation 

 Following protein preparation, a receptor grid was creat-
ed. This grid was centered on the active site, using the co-
crystallized ligand as the reference point. The grid box used 
for docking was meticulously designed with dimensions of 
20 Å × 20 Å × 20 Å to encapsulate the active site and its 
surrounding residues, ensuring sufficient space for ligand 
flexibility. The grid center was set at 1.7, 0.72, and 12.31 Å 
coordinates, which corresponded to the centroid of the iden-
tified binding site. Amino acid residues critical for grid gen-
eration were identified based on their proximity to the bind-
ing pocket, including GLY719, SER720, LYS867, LEU989, 
and PRO990. These residues were selected to ensure precise 
localization of the grid box while encompassing all potential 
interaction regions. 

2.3.3. Preparation of Ligand 

 All molecules were drawn, converted into 3D structures, 
and subjected to energy minimization using the Ligprep and 
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Table 1. Structures, biological targets and applications of clinically approved drugs with benzimidazole scaffold (training set for 
pharmacophore) as found in https://www.drugs.com/. 

Compound Code Structure Current status Target Application 

Binimetinib 
(NCT04965818 and 

NCT03170206) 

 

sold as Mektovi 

Mitogen-activated 
protein kinase inhibi-

tor 
IC50 =12 nM 

Metastatic mela-
noma with specific 

mutations 

sBendamustine 
(NCT04217317 and 

NCT04510636), 

 

Sold as Treanda 
It is an alkylating 

agent. 
IC50 = 50 µM 

Treats chronic 
lymphocytic leu-

kemia 

Selumetinib 
(NCT02768766) 

 

Sold as Koselugo 

It is a selective, non-
ATP-competitive 

oral MEK1/2 inhibi-
tor 

IC50 = 14 nM 

Treats neurofi-
brom-atosis type 1 

Abemaciclib 
(NCT04003896 
and NCT0404-

0205) 
 

Sold as Verzenios 

It is more selective 
toward CDK4 

IC50 =2nM than 
CDK6 IC50 =25 nM 

Treats HR-positive 
and HER2-

negative breast 
cancer 

Pracinostat 
(NCT03848754), 

 

Phase III trial 

Pracinostat (SB939) 
is a potent pan-
HDAC (histone 

deacetylase) inhibitor 
with IC50 =40 nM 

Treats advanced 
solid tumors 

and AML 

Dovitinib 
(NCT01635907), 

 

Phase II trial 

potent multi-targeted 
tyrosine kinase 

(RTK) inhibitor with 
IC50 =27 nM 

Treats AML 

 
Confgen functions within Maestro. The resulting library was 
then saved in the maegz format. 

2.3.4. Molecular Docking 

 Next, molecular docking was conducted using the Glide 
program with the Standard Precision (SP) algorithm to assess 
the interactions between proteins and ligands and determine 
their binding affinities. To validate the molecular docking, a 
re-docking procedure was performed with the co-crystallized 
ligand placed within the grid. 

2.4. Molecular Dynamic Simulation 

 Molecular dynamics (MD) simulation was carried out 
using GROMACS 2022.2. The following steps were done. 

2.4.1. Preparation of Enzyme 

 The 3-dimensional (3D) models of ligand-protein com-
plexes were exported to .pdb format using Pymol. The dy-
namic behavior of the complexes was evaluated using mo-
lecular dynamic (MD) simulation in the GROMACS pack-
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age program (version 2022.2) [23-25]. Protein topology was 
constructed by pdb2gmx with the CHARMM27 force field 
[26], and ligand topology was generated using the Swis-
sParam server [27]. 

2.4.2. Setting Up the System for Simulation 

 After force field application, the complexes were inserted 
into the system. They were solvated with the TIP3P water 
model [28] in a cubic box greater than 1 nm from the edge of 
the protein. Na+ ions were added, and energy minimization 
was done using the steepest descent algorithm. Next, 100 ps 
of NVT simulation at 300 K and 100 ps of NPT simulation 
will be used to equilibrate the entire system. Leapfrog algo-
rithm was employed in the constant-temperature, and pres-
sure (NPT) for protein, ligand, water molecules, and ions 
[29]. The Berendsen temperature and pressure coupling con-
stants were set to .1 and 2, respectively, to keep the system 
in a stable environment (300 K temperature and 1 bar pres-
sure) [30]. Finally, MD simulation for 100 ns was per-
formed. The pressure coupling with time-constant was set at 
1 ps in the LINCS algorithm [31] was used. The Van der 
Waals and Coulomb interactions were truncated at 1.2 nm, 
and the PME algorithm [32] built into GROMACS was used 
to minimize the error from truncation. 

2.4.3. Visualization and Analysis of Simulation 

 The trajectory files are visualized through VMD (Visual 
Molecular Dynamics) 1.9.2. [33] and analyzed by 
HeroMDAnalysis [34, 35] and Xmgrace 5.1.25 tool [36]. 

2.5. Drug Likeness Protocol 

 Discovery Studio 3.5 was used to predict the drug-
likeness property of the newly designed compounds with the 
help of the Lipinski drug filter tool.  

3. RESULTS AND DISCUSSION 

3.1. 3D-QSAR Pharmacophore 

 The best pharmacophore with a correlation coefficient (r) 
of 0.8412, RMSD of 0.96, and an acceptable cost difference 
value (32.84 bits) between the total and the null cost was 
selected. This pharmacophore model had one HBA, two RA 
and one hydrophobic (HY-1). This pharmacophore, along 
with their inter-feature distance, is shown in Fig. (1). 

 
Fig. (1). Best 3D-QSAR pharmacophore, H-bond acceptor (HBA) 
shown as green, ring aromatic (RA) shown as orange and hydro-
phobic (HY) shown as cyan. (A higher resolution / colour version 
of this figure is available in the electronic copy of the article). 

3.2. Virtual Screening 

 With this pharmacophore, a hit list of 995 compounds 
matching the pharmacophore model was obtained from 
727842 compounds. Molecules with an estimated IC50 below 
50 nM were considered active new hits. A set of 493 hits 
were obtained. After Lipinski’s drug-likeness screening, 23 
molecules were identified. After molecular docking, 4 top 
hits were found, which are displayed in Table 2 and Fig. (2) 
displays the steps for virtual screening. Four top hits were 
retrieved from the ZINC database after the whole virtual 
screening procedure. The retrieved molecules belonged to 
the class of 6-Furan-2-yl-9-(4-methoxy-benzyl)-9H-purin-2-
ylamine (ZINC2 8523512); 1H-benzoimidazol-2-yl)-
carbamic acid methyl ester (ZINC00043475); Benzofuran-
2yl-(4-chloro-phenyl)methanol (ZINC00000176) and (Bro-
mo-4-imidazol-1-yl-phenyl)-2-cyano-2-dimethyl–thioacetamide 
(ZINC00005786). 

 
Fig. (2). Steps for virtual screening. 

 

 By studying the features of these molecules and by in-
corporating the pharmacophore features novel molecules 
were designed with a benzimidazole nucleus. Their ADMET 
parameters were studied. Table 3 displays the newly de-
signed novel molecules with the ADMET. Fig. (3) displays 
the perfect fit of novel molecules in the designed 3D-QSAR 
pharmacophore. The novel-designed benzimidazole mole-
cules passed the Lipinski rule, were orally bioavailable and 
were not hepatotoxic. 

3.3. Molecular Docking 

 The designed molecules were docked. The docking score 
is displayed in Table 4. They were binding in the active site 
amino acids. 
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Table 2. Top hit molecules. 

 

 
 

 

ZINC28523512 ZINC00043475 ZINC00000176 ZINC00005786 

 

Table 3. Designed novel molecules and ADMET parameters. 

Structures Mol Wt 
H-Bond 

Donor 

H-Bond 

Aceptor 
TPSA LogP GI  

Absorption 
Oral  

Bioavailability 
CYP1A2  

Inhibition 

 
1a 

456.42 1 6 64.19 5.75 1 0.7 0.71 

 
1b 

475.12 0 5 61.19 5.64 1 0.79 0.5 

 
1c 

443.48 1 5 39.08 6.44 1 0.8 0.94 

 
1d 

474.76 1 4 39.08 6.30 1 0.84 39.08 

 
1e 

357.4 1 4 39.08 5.13 1 0.85 0.98 
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Structures Mol Wt 
H-Bond 

Donor 

H-Bond 

Aceptor 
TPSA LogP GI  

Absorption 
Oral  

Bioavailability 
CYP1A2  

Inhibition 

 
1F 

388.4 1 6 82.12 4.73 1 0.7 0.92 

 
1g 

358.44 1 4 47.26 5.05 1 0.57 0.92 

 
1h 

445.8 1 4 39.08 6.5 1 0.8 0.91 

 
1i 

445.87 1 4 39.08 6.5 1 0.75 0.95 

 
1j 

358.45 2 5 65.16 4.41 1 0.81 0.96 

 
1k 

343.43 1 4 39.08 4.48 1 0.80 0.99 

 
1l 

357.4 1 4 39.08 5.13 1 0.85 0.98 
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Fig. (3). The designed novel benzimidazole molecules with a per-
fect fit in the pharmacophore. (A higher resolution / colour version 
of this figure is available in the electronic copy of the article). 

 

Table 4. Molecular docking studies of various molecules inside 
the active site of EGFR kinase (PDB ID: 3W2S). 

Ligand 
Interaction  

Energy 
(Kcal/mol) 

H 
Bonds 

Amino acids 

1a -8.6 1 

hbond interaction 
with ASP800, 

hydrophobic inter-
actions with 

LEU718, ALA722, 
CYS797, LEU844 

1b -8.3 1 Arg705 

1c -8.1 2 Arg705, Arg297 

1d -8.1 1 Arg705 

1e -8.2 0 - 

1f -8.2 1 Arg705 

1g -7.9 3 Arg705, Asn298 

1h -8.0 0 - 

1i -8.4 3 

hbond interaction 
with ASP800, 

hydrophobic inter-
actions with 

LEU718, VAL726, 
CYS797, PHE997 

1j -8.1 1 Arg705 

1k -8.0 1 Arg705 

1l -8.3 0 - 

Compound 4 
(Reference) 

-7.5 3 
Hbond ASP800, 

THR854 

 

 The Standard Precision (SP) docking showed that 2 com-
pounds have exhibited strong interactions with the catalytic 

residues within the active site of the EGFR kinase. These 
interactions were hydrogen bond and hydrophobic interac-
tions. Compound 1a and Compound 1i were selected for 
further investigation through molecular dynamics studies 
with EGFR kinase (PDB ID: 3W2S) (Fig. 4). 

3.4. Molecular Dynamic Simulations of EGFR Kinase in 
Complex with Ligands, Compound 1a and Compound 1i 

 To understand the conformational changes and evaluate 
the binding of molecules, Compound 1a and Compound 1i 
against EGFR kinase (PDB ID: 3W2S), MD simulations 
were done for a period of 100 ns for two models, namely, 
Compound 1a-EGFR kinase complex, and Compound 1i-
EGFR kinase complex (Fig. 5). Their simulations were eval-
uated by studying parameters like Root-Mean-Square-
Deviation (RMSD), Root-Mean-Square-Fluctuation 
(RMSF), h-bond interactions, and its % occupanciesover 
time. 

3.4.1. RMSD Analysis 

 The protein-RMSD was evaluated during the simulation. 
The multiplot for protein Cα versus time for 2 simulations is 
shown in Fig. (6). Both the complexes have attained a plat-
eau in RMSD values (of less than 0.3 nm), so both the pro-
tein-ligand complexes were stable during the simulation. The 
ligand is also stable with the protein and its binding pocket. 
Both ligands 1a and 1i have displayed significant stable de-
viation. Compound 1a has attained an equilibrium value of 
around 0.15 nm, while ligand 1i has displayed a slight dis-
tress with the RMSD value of 0.25 nm. The ligand RMSD 
values indicated that these ligands had good binding with the 
proteins. 

3.4.2. RMSF Analysis 

 The Protein-RMSF is used in the characterization of local 
changes along the protein chain. The multiplot for protein-
RMSF (nm) versus residue number is shown in Fig. (7). No-
tably, the plot describes fluctuation of less than 0.5 nm for 
the EGFR kinase in complex with Compound 1a and 1i. It 
can be concluded that ligand binding has brought stability to 
conformation of the protein.  

3.4.3. H-bond Interaction 

 Molecular interactions, particularly the H-bond interac-
tions, are distance and angle dependent and are liable to dis-
rupt under dynamic conditions. Herein, analysis of both the 
ligand-protein complexes was done. The plot for the number 
of hydrogen vs time is given in Fig. (8). From the plot, it is 
observed that Compound 1a, and Compound 1i have dis-
played an average of 1-3 H-bond during the simulation. To 
access the residues involved in such interactions and their 
stabilities, the % occupancies vs the residues were also cal-
culated. 

 Fig. (9) represents the histogram of % occupancies of the 
H-bond formed by the two ligands. This figure illustrates the 
capacity of the ligand Compound 1a to establish stable inter-
actions with EGFR kinase residues PRO990 and LEU989, 
with occupancies of 9.87% and 5.42%, respectively. On the 
other hand, the ligand Compound 1i displayed significant 
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Fig. (4). Molecular docking studies reveal the binding orientations of molecules (A) Compound 1a, (B) Compound 1i, and (C) Compound 4 
(reference) within the active site of the EGFR kinase (PDB ID: 3W2S). The ligand molecules are depicted in a bold stick representation, with 
carbon atoms in green, while interacting residues within a 4.0 Å radius are shown using stick and wire representations, with carbon atoms in 
grey. Hydrogen-bonding interactions are indicated by magenta dotted lines, along with the corresponding distances in angstroms (Å). (A 
higher resolution / colour version of this figure is available in the electronic copy of the article). 

 

 
Fig. (5). Graphical representation of protein-ligand complexes: (A) Compound 1a-EGFR kinase and (B) Compound 1i-EGFR kinase, where 
protein is shown in cartoon representation and the ligand is shown in bond representation with transparent surface. (A higher resolution / col-
our version of this figure is available in the electronic copy of the article). 
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Fig. (6). Graphical representation of the plots showing protein Cα and ligand RMSD (nm) versus time (100 ns) for (A) Compound 1a-EGFR 
kinase Protein RMSD (green), (B) Compound 1i-EGFR kinase Protein RMSD (maroon in color), (C) Compound 1a-EGFR kinase Ligand 
RMSD (red), and (D) Compound 1i-EGFR kinase Ligand RMSD (blue). (A higher resolution / colour version of this figure is available in the 
electronic copy of the article). 

 

 
Fig. (7). Graphical representation of the plots showing the protein RMSF (nm) versus residue index number of protein for (A) Compound 1a-
EGFR kinase Protein RMSF (green in color), and (B) Compound 1i-EGFR kinase Protein RMSF (maroon in color). (A higher resolution / 
colour version of this figure is available in the electronic copy of the article). 

 
hydrogen bond interactions with residues SER720, LYS867, 
and GLY719, which remained stable for 26.44%, 11.39%, 
and 9.43% of the simulation duration, respectively. In sum-
mary, both ligands exhibit the potential to bind to EGFR 
kinase, but Compound 1i appears to be the more efficient 
ligand. 

3.4.4. MMGBSA Calculations 

 The molecular dynamics study included an in-depth 
evaluation of binding energetics through MMGBSA 
calculations. Binding free energy (Delta G) values were 
computed for both ligands at various stages of the simulation 
(0, 50, and 100 ns). The average Delta G values for 
Compounds 1a and 1i indicated favorable binding within the 
EGFR active site, as presented in Table 5 and Fig. (10). 
These findings highlight the potential of Compounds 1a and 

1i as promising candidates for further pharmacological 
investigations, particularly in the context of cancer therapy. 

CONCLUSION 

 In this research work, 3D-QSAR pharmacophore was 
generated, and virtual screening was done. The top four hit 
molecules were identified. Considering their properties and 
the pharmacophore model, novel benzimidazole derivatives 
were designed as EGFR inhibitors. Their ADMET values 
were calculated. Docking studies were performed. The novel 
molecules 1a amd 1i had the best interaction energy and 
were stable inside the binding pocket as per the molecular 
dynamic simulation study. In summary, both ligands 1a and 
1i exhibit the potential to bind to EGFR kinase, their interac-
tion energy better than Erlotinib, but Compound 1i appears 
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Fig. (8). Pictorial representation of the number of h-bond contacts formed by ligands, (A) Compound 1a (red in color), and (B) Compound 1i 
(blue in color) in complex with EGFR kinase. (A higher resolution / colour version of this figure is available in the electronic copy of the 
article). 

 

 
 

 
Fig. (9). Histogram representation of %occupancies of the h-bond protein-ligand contacts of (A) Compound 1a and (B) Compound 1i in com-
plex with EGFR kinase. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 

 

Table 5. MMGBSA ΔG binding energy calculations for compound 1a and 1i in complex with EGFR (PDB ID: 3W2S). 

Ligand-protein Complex 0 ns 50 ns 100 ns Average 

Compound 1a-EGFR kinase complex -33.42 -44.54 -42.63 -40.20 

Compound 1i-EGFR kinase complex -32.45 -33.54 -37.5 -34.50 
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Fig. (10). MMGBSA ΔG binding energy calculations for Compound 1a and 1i in complex with EGFR (PDB ID: 3W2S). (A higher resolution 
/ colour version of this figure is available in the electronic copy of the article). 

 

to be the most promising ligand. For further investigation, in 
our upcoming research, these benzimidazole derivatives will 
be synthesized and anticancer studies will be performed. 
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