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ABSTRACT 
This study designed and evaluated a series of novel benzimidazolo quinoline derivatives as potential inhibitors of PI3K 
and EGFR-TK receptors using molecular docking studies. Eighteen compounds were designed by modifying the aryl 
moiety at the C3 position of the parent nucleus. Molecular docking revealed high binding affinities of the compounds 
towards PI3K (-9.6 to -11.5 kcal/mol) and EGFR-TK (-9.7 to -10.8 kcal/mol), comparable to reference drugs imatinib and 
AMG319. Key interactions included hydrogen bonding and hydrophobic interactions with active site residues. Drug-
likeness evaluation showed the compounds satisfied Lipinski's rule of five and exhibited favorable ADME properties 
including high GI absorption. ADMET predictions indicated most compounds are unlikely to be P-glycoprotein substrates, 
suggesting lower potential for drug-drug interactions. The computational studies utilized software tools including 
ChemSketch for design, OpenBabel for file conversion, Chimera for protein preparation, PyRx for docking simulations, 
and Discovery Studio for visualization. While the results are promising, further studies are needed to synthesize and 
experimentally evaluate the biological activity of the designed compounds. Additionally, lead optimization could 
potentially enhance the potency and drug-like properties of these novel benzimidazolo quinoline derivatives as PI3K and 
EGFR-TK inhibitors. 
Keywords: Benzimmidazole Quinazoline derivatives, molecular docking, PI3K, EGFR-TK, ADME study, Lipinski’s rule 
of five. 
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INTRODUCTION 
Cancer is one of the biggest killers at present, it causes incredible dangers, not only to society but also to 
single human lives [1,2]. Despite the advances in the treatments and continuous trials looking for cancer 
prevention, success in treating cancer is still having a lot of challenges [3,4]. Hence, the search for new 
anticancer active agents that have a broader spectrum of cytotoxicity is continuous [5]. Quinoline is a 
privileged scaffold in medicinal chemistry as its derivatives have shown good biological activities through 
different mechanisms of action such as growth inhibitors, apoptosis inducers, angiogenesis inhibitors, 
disruption of cell migration, and nuclear receptor modulators [6-13]. In addition, some quinoline 
derivatives showed activity as perspective HIV integrase inhibitors [14], antibacterial [15,16], 
antimalarial [17], antitumor agents [18-20], antifungal and herbicidal [21], protein tyrosine kinase 
inhibitors [22] and antiprotozoal [23].  
Benzimidazole, the benzo derivative of imidazole, is a class of bicyclic aromatic organic compound 
consisting of a six-membered benzene ring fused to five-membered imidazole at 4- and 5-positions of the 
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imidazole ring. Its IUPAC name is 1H-benzimidazole and it is also referred to as 1H-1,3-Benzimidazole or 
1H-Benzo[d]imidazole. Benzimidazole is a vital pharmacophore of many biologically active heterocyclic 
compounds with a variety of pharmacological activities. The NH group in benzimidazole is both highly 
acidic and weakly basic [24]. They also have the ability to form salts. The benzimidazole moiety is useful 
in the pharmaceutical field for the development of novel medicinal compounds. Therefore, the synthesis 
of various benzimidazole derivatives has been reported for their pharmacological activities. Over time, 
benzimidazole and its derivatives have evolved as vibrant heterocyclic systems due to their potency in a 
wide range of bioactive compounds like analgesics [25,26], antiparasitic [27], antifungals [28], 
anticoagulants, anti-inflammatory agents [29], antihypertensives[30], antihistaminic[31], anticonvulsants 
[32], antimalarial [33], antitubercular [34], anti-HIV [35], antimicrobial [36], antiprotozoal [37], antiviral 
[38], and so on. 
Phosphorylated lipids are produced at cellular membranes during signaling events and contribute to the 
recruitment and activation of various signaling components. The role of phosphoinositide 3-kinase 
(PI3K), which catalyzes the production of phosphatidylinositol-3,4,5-trisphosphate, in cell survival 
pathways; the regulation of gene expression and cell metabolism; and cytoskeletal rearrangements are 
highlighted. The PI3K pathway is implicated in human diseases including diabetes and cancer, and 
understanding the intricacies of this pathway may provide new avenues for therapeutic 
intervention[395]. Phosphatidylinositol (PI), participates in cellular function regulation such as cell 
proliferation, cell differentiation, cell migration, chemotaxis, and phagocytosis. The PI3K pathway is a 
frequently activated pathway in human cancer. Inhibitors targeting key components in this pathway are 
being developed in anti-cancer studies. 
Trans-membrane receptor tyrosine kinases play an important role in the modulation of growth factor 
signaling. The epidermal growth factor receptor (EGFR) is a member of a family of four closely related 
receptors: EGFR (or erbB1), HER2/neu (erbB2), HER3 (erbB3) and HER4 (erbB4). The EGFR mediates the 
actions of multiple ligands including epidermal growth factor, transforming growth factor-a, 
amphiregulin, and heparin-binding EGF, and may also be constitutively activated by mutation. EGFR 
signaling has been reported to be important for tumor cell proliferation, inhibition of apoptosis, 
angiogenesis, metastasis, and sensitivity to chemotherapy and radiotherapy [40]. 
 
MATERIAL AND METHODS 
Designing of new benzimidazolo quinoline derivatives and molecular modeling studies 
In this study designing new benzimidazolo quinoline derivatives by the molecular modification approach 
using ACD/ChemSketch software (Advanced Chemistry Development, Inc., version 2022.1.2). The novel 
compounds designed in this study are summarized in Table 1. Eighteen benzimidazolo quinoline 
derivatives were designed by substituting the aryl moiety to the side chain at the C3 position. Molecular 
modeling studies were performed on Biovia Discovery studio DS 2024 software. 
Table 1: The structure of the parent nucleus and designed Benzimidazole Quinazoline derivatives. 

 
4-(1H-1,3-benzimidazol-2-yl)-N-benzyl-2-methylquinoline-3-carboxamide derivatives. 

Compound 
code 

Molecular 
formula 

IUPAC name 

Com 5 C24H2ON4O 4-(1H-1,3-benzimidazol-2-yl)-N-benzyl-2-methylquinoline-3-
carboxamide 

Com 6 C25H19F3N4O 4-(1H-1,3-benzimidazol-2-yl)-2-methyl-N-[-2-
trifluoromethyl)phenyl]quinoline-3-carboxamide 

Com 7 C25H19F3N4O 4-(1H-1,3-benzimidazol-2-yl)-2-methyl-N-[-3-
trifluoromethyl)phenyl]quinoline-3-carboxamide 

Com 8 C25H19F3N4O 4-(1H-1,3-benzimidazol-2-yl)-2-methyl-N-[-4-
trifluoromethyl)phenyl]quinoline-3-carboxamide 

Com 9 C25H22N4O2 
4-(1H-1,3-benzimidazol-2-yl)-2-methyl-N-[-4-
methoxy)phenyl]quinoline-3-carboxamide 

Com 10 C25H22N4O 4-(1H-1,3-benzimidazol-2-yl)-2-methyl-N-(4-
methylphenyl)quinoline-3-carboxamide 
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Com 11 C25H19ClN4O3 

2-{[4-(1H-1,3-benzimidazol-2-yl)-2-methylquinoline-3-
carbonyl]amino}-3-chlorobenzoic acid 

Com 12 C25H19ClN4O3 
2-{[4-(1H-1,3-benzimidazol-2-yl)-2-methylquinoline-3-
carbonyl]amino}-5-chlorobenzoic acid 

Com 13 C25H19ClN4O3 
2-{[4-(1H-1,3-benzimidazol-2-yl)-2-methylquinoline-3-
carbonyl]amino}-6-chlorobenzoic acid 

Com 14 C23H19N5O 4-(1H-1,3-benzimidazol-2-yl)-2-methyl-N-(pyridin-4-yl)quinoline-
3-carboxamide 

Com 15 C23H19N5O 4-(1H-1,3-benzimidazol-2-yl)-2-methyl-N-(pyridin-3-yl)quinoline-
3-carboxamide 

Com 16 C25H20N4O 3-{[4-(1H-1,3-benzimidazol-2-yl)-2-methylquinoline-3-
carbonyl]amino}benzoic acid 

Com 17 C24H19FN4O 4-(1H-1,3-benzimidazol-2-yl)-N-(2-fluorophenyl)-2-
methylquinoline-3-carboxamide 

Com 18 C24H20N4O 4-(1H-1,3-benzimidazol-2-yl)-2-methyl-N-phenylquinoline-3-
carboxamide 

Com 19 C24H19FN4O 4-(1H-1,3-benzimidazol-2-yl)-N-(4-fluorophenyl)-2-
methylquinoline-3-carboxamide 

Com 20 C26H22N4O3 
2-{[4-(1H-1,3-benzimidazol-2-yl)-2-methylquinoline-3-
carbonyl]amino}-6-methylbenzoic acid 

Com 21 C26H22N4O3 2-{[4-(1H-1,3-benzimidazol-2-yl)-2-methylquinoline-3-
carbonyl]amino}-5-methylbenzoic acid 

Com 22 C26H22N4O4 2-{[4-(1H-1,3-benzimidazol-2-yl)-2-methylquinoline-3-
carbonyl]amino}-4-methoxybenzoic acid 

DOCKING STUDIES  
Receptor (Phosphoinositide 3-Kinase and Epidermal Growth Factor Receptor Tyrosine Kinase) 
Preparation  
The Phosphoinositide 3-kinase (1E7V) and Epidermal growth factor receptor tyrosine kinase (1M17) 
crystal form shown in Figure 1 and 2. was downloaded from RCSB Protein Data Bank 
(http://www.rcsb.org/) [41]. All imported foreign matters like cofactors and ligands allied with the 
enzyme were removed using Chimera 1.17.3 software. Later on, the target protein was saved in the 
format in (PDB) i.e. recommended format for Discovery Studio Visualizer and Pyrx software. Thereafter, 
the target protein saved in PDB format was imported into the Pyrx software and converted as 
macromolecules [42-45].  

 
Figure 1: 3D Crystal structure of Phosphoinositide 3-kinase (1E7V). 

http://www.rcsb.org/)
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Figure 2: 3D Crystal structure of Epidermal growth factor receptor tyrosine kinase (1M17). 

 
Ligand Preparation  
The stable conformation of Benzimidazolo Quinoline derivatives at a minima energy were achieved by 
employing Open Babel software which serve as an optimized tool. The ligands optimized were later saved 
as a PDB format in order to be recognized by the Pyrx software. Later on, the ligands saved in PDB format 
were imported in the Pyrx software and converted as micro molecules [46,47].  
Docking of Receptor and Ligand  
Ligand-receptor interactions between Benzimidazolo Quinoline derivatives and the receptor 
(Phosphoinositide 3-kinase and Epidermal growth factor receptor tyrosine kinase) was carried out using 
molecular docking technique by employing the PyRx virtual screening software. The PyRx software 
[https://pyrx.sourceforge.io/], is software used for execution virtual screening. PyRx uses AutoDock Vina 
and AutoDock 4.2 as docking software. Discovery Studio Visualizer software version DS2024 was used to 
visualized and analyzed the docked results [48-50]. All docked poses were scored and ranked. The 
binding affinities of docked compounds were predicted by analysing interactions of receptor-ligand 
complexes. The binding modes of the best-docked pose were analyzed using the 2D receptor-ligand 
complex. Different nonbonding interactions (hydrogen bonding, hydrophobic, etc.) were also analyzed 
using the 2D diagram of receptor-ligand complexes. The docking results of the test compounds were 
compared with Imatinib and AMG319 against Phosphoinositide 3-kinase and Epidermal growth factor 
receptor tyrosine kinase respectively. 
Drug-Likeness Study  
Drug-likeness properties of the compounds 7,8,10,11,12,16,19, and 21 were studied in this part and the 
drug-likeness results were tabulated as in Table 3. These parameters were taken from the SwissADME 
web page [51]. Because these parameters are very crucial in drug design and its potential to be a drug. 
According to the Lipinski rules, the candidate molecules must have 5 important properties in literature as 
follows [52]:  
MlogP ≤ 5  
Molecular weight (MW) ≤ 500 g/mol  
Number of H-bond acceptors (HBA) ≤ 10 and number of H-bond donors (HBD) ≤ 5 
Number of rotatable bonds (nRot) ≤ 10 
Topological Polar Surface Area (TPSA)< 140 Å²  
From the results, we can say that all the designed compounds are in accordance with the criteria defined 
by Lipinski rules above and there are no violations. Furthermore, the bioavailability radars and 
predicted[51]. 
ADMET Prediction  
The ADME-Toxicity (ADMET) parameters were calculated using the ADMET descriptor protocol of DS 
2020 software. Six mathematical models (aqueous solubility, blood-brain barrier penetration, 
cytochrome P450 (CYP) 2D6 inhibition, hepatotoxicity, intestinal absorption, and plasma protein binding) 
were used for quantitative prediction of properties related to ADMET characteristics or pharmacokinetics 
(PKs) of drug molecules [52-54]. 
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RESULTS AND DISCUSSION 
Molecular Docking Studies 
Molecular docking studies were performed to evaluate the interactions and binding affinities of the 
suggested benzimidazole quinoline compounds with PI3K and EGFR-TK. The results are summarized in 
Table 2. The docking scores revealed that compounds 5-22 exhibited high binding affinity towards PI3K, 
with scores ranging from -9.6 to -11.5 kcal/mol. Similarly, compounds 5-22 showed high binding affinity 
towards EGFR-TK, with scores ranging from -9.7 to -10.8 kcal/mol. All 18 compounds, showed the highest 
binding affinity against 1E7V and 1M17. Along with a few secondary interactions including hydrophobic 
interactions, the 2D interaction diagram showed that the main interactions between the receptor and 
ligand molecule were polar hydrogen bonding interactions. There were clear molecular interactions 
between the complementary ligand moieties/atoms and the binding site residues of the receptor 
molecule. 

Table 2: Docking scores of the designed Benzimidazole quinoline Com5 to Com22 and Co-crystal 
ligand like AMG319 AND Imatinib against PI3K (1E7V) and EGFR-TK (1M17). 

Ligands 1M17 1E7V 
Com5 -10.4 -10.6 
Com6 -10.2 -10.1 
Com7 -10.2 -11.5 
Com8 -10.2 -9.9 
Com9 -10.1 -9.6 

Com10 -10.7 -10.9 
Com11 -10.2 -10.9 
Com12 -10.6 -10.5 
Com13 -10.3 -9.9 
Com14 -9.9 -10.7 
Com15 -9.9 -9.7 
Com16 -10.3 -10.8 
Com17 -10.3 -10.8 
Com18 -10.3 -10.1 
Com19 -10.4 -11 
Com20 -10.3 -10 
Com21 -10.8 -10.8 
Com22 -9.7 -10.1 

Imatinib -9.5 - 
AMG319 - -9.5 

 
The higher the number of hydrogen bonds, the higher the binding affinity. eight potent compounds, 
namely com7, com8, com10, com11, com12, com16, com19 and com21 interacted with different active 
site residues such as GLN291, GLN295, ARG690, ARG849 and TYR787 with 1E7V and LYS721, ASP831, 
ARG817 and THR766 with 1M17 predominantly by hydrogen bond formation are summarized in Table 3 
and 4. A comparative analysis revealed that the co-crystal ligands AMG319 and Imatinib exhibited similar 
binding interactions with the amino acid residues of 1E7V and 1M17, respectively, as observed with the 
designed ligands. The details of 2D interaction diagrams of five compounds and the co-crystal inhibitor 
AMG319 and five compounds and the co-crystal inhibitor Imatinib are shown in Figure 3 and Figure 4. 
Table 3: Molecular Docking interactions formed between prominent ligands and co-crystal ligand 

AMG319 with 1E7V. 
Sr. NO LIGAND TYPE OF INTERACTION CONTACTING              

RECEPTOR RESIDUES 
BOND       

LENGTH (Å) 

1 C7 

Conventional Hydrogen Bond GLN295 2.35 
Conventional Hydrogen Bond ARG690 2.89 
Conventional Hydrogen Bond ARG690 2.53 
Pi -cation ARG849 3.05 
Pi-cation ARG849 3.92 
Pi-Pi stacked PHE694 4.50 
Pi-Pi stacked PHE694 4.56 

2 C10 

Conventional Hydrogen Bond ARG690 2.18 
Pi-cation ARG849 3.91 
Pi-cation ARG849 3.58 
Pi-Pi stacked PHE694 4.54 
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Pi-Pi stacked PHE694 4.50 

3 C11 

Conventional Hydrogen Bond ARG690 2.05 
Conventional Hydrogen Bond ARG849 2.41 
Pi-cation ARG849 3.53 
Pi-cation ARG849 4.02 
Pi-Pi stacked PHE694 4.44 
Pi-Pi stacked PHE694 4.60 

4 C16 

Conventional Hydrogen Bond GLN291 2.44 
Conventional Hydrogen Bond  ARG690 2.23 
Conventional Hydrogen Bond ARG690 2.00 
Conventional Hydrogen Bond ARG849 3.00 
Conventional Hydrogen Bond TYR787 1.93 
Pi-cation ARG690 3.86 
Pi-cation ARG849 4.07 
Pi-cation ARG849 4.04 
Pi-cation ARG849 4.03 
Pi-Pi stacked PHE694 3.82 
Pi-Pi stacked PHE694 4.73 

5 C19 

Conventional Hydrogen Bond GLN291 2.94 
Conventional Hydrogen Bond ARG690 2.09 
Pi-cation ARG849 3.57 
Pi-cation ARG849 3.90 
Pi-Pi stacked PHE694 4.47 
Pi-Pi stacked PHE694 4.59 

6 AMG319 

Conventional Hydrogen Bond ARG849 3.49 
Pi-cation ARG690 3.84 
Pi-cation ARG849 3.74 
Pi-cation ARG849 4.04 
Pi-cation HIS658 4.85 
Pi-Pi stacked PHE694 4.86 
Pi-Pi stacked PHE694 4.20 

Table 4: Molecular Docking interactions formed between prominent ligands and co-crystal ligand 
Imatinib with 1M17 

Sr. NO LIGAND TYPE OF INTERACTION 
CONTACTING 

RECEPTOR 
RESIDUES 

BOND 
LENGTH(Å) 

1 Com11 
Carbon Hydrogen Bond LYS721 2.01 
Pi-cation LYS721 4.65 
Pi-Pi Stacked PHE699 4.42 

2 Com12 

Conventional Hydrogen bond ASP831 2.81 
Conventional Hydrogen bond ARG817 2.11 
Pi-cation LYS721 4.37 
Pi-Pi Stacked PHE699 4.28 

3 Com13 

Conventional Hydrogen bond LYS721 2.38 
Carbon Hydrogen Bond LYS721 2.02 
Pi-cation LYS721 4.70 
Pi-Pi Stacked PHE699 4.32 

4 Com16 
Conventional Hydrogen bond LYS721 2.79 
Conventional Hydrogen bond ALA719 2.15 
Conventional Hydrogen bond THR766 2.59 

5 Com21 

Conventional Hydrogen bond ASP831 2.90 
Conventional Hydrogen bond ARG817 2.23 
Pi-Pi cation LYS721 4.38 
Pi-Pi stacked PHE699 4.23 

6 Imatinib 

Conventional Hydrogen bond LYS721 2.56 
Conventional Hydrogen bond ASP831 2.79 
Carbon Hydrogen Bond PRO770 3.58 
Pi-Pi stacked PHE699 5.07 
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T
he 2D model of the binding pose with bond length 
and interacting amino acid of docked Com 7 with 

1E7V Protein 
 

T
he 2D model of the binding pose with bond length 
and interacting amino acid of docked Com 10 with 

1E7V Protein 
 

The 
2D model of the binding pose with bond length and 
interacting amino acid of docked Com 11 with 1E7V 

Protein 
 

 
 

The 2D model of the binding pose with bond 
length and interacting amino acid of docked Com 

16 with 1E7V Protein 
 

 
The 2D model of the binding pose with bond length 
and interacting amino acid of docked Com 19 with 

1E7V Protein 

 
 

The 2D model of the binding pose with bond 
length and interacting amino acid of docked co-

crystal ligand (AMG319) with 1E7V Protein 
 

Figure 3: 2D interactions with binding modes and docking interactions diagrams of prominent 
ligands and the co-crystal ligand AMG319 against PI3K enzyme (1E7V); dotted green lines indicate 
conventional H-bonding interactions and dotted yellow and purple lines indicate different types of 

hydrophobic interactions. 
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The 2D model of the binding pose with bond 
length and interacting amino acid of docked  

Com 7 with 1M17 Protein. 

The 2D model of the binding pose with bond 
length and interacting amino acid of docked 

Com 8 with 1M17 Protein. 

The 2D model of the binding pose with bond 
length and interacting amino acid of docked  

Com 10 with 1M17 Protein. 

The 2D model of the binding pose with bond 
length and interacting amino acid of docked  

Com 12 with 1M17 Protein. 

The 2D model of the binding pose with bond 
length and interacting amino acid of docked  

Com 21 with 1M17 Protein. 
 

The 2D model of the binding pose with bond 
length and interacting amino acid of docked 

reference drug (Imatinib) with 1M17 Protein. 

Figure 4: 2D interactions with binding modes and docking interactions diagrams of prominent 
ligands and the co-crystal ligand Imatinib against EGFR-TK enzyme (1M17); dotted green lines 

indicate conventional H-bonding interactions, and dotted yellow and purple lines indicate 
different types of hydrophobic interactions. 
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Lipinski's Rule of Five 
The drug-likeness of the designed compounds was evaluated using Lipinski's rule of five. The results are 
summarized in Table 5. The results revealed that all the compounds showed good drug-like properties 
based on Lipinski’s rule of five with additional parameters of drug-likeness. In our study, all the 
compounds exhibited satisfactory molecular properties and Lipinski’s parameters. The parameters LogP, 
MW, and molecular PSA indicate good membrane permeability, intestinal absorption, and oral 
bioavailability, respectively, whereas the other parameters nHBAs, nHBDs, nR, and Rotb bonds facilitate 
to produce well-defined drug-receptor interactions for optimal drug action. None of the compounds 
violated the Lipinski’s rule of 5. Compounds showed drug likeness scores in the range of 0.15 to 1.09 as 
seen from the calculations of the Molsoft program. The drug-likeness scores were within the acceptable 
range (0-1) [51, 52]. 

Table 5: Drug likeness of the designed Benzimidazole Quinoline derivatives. 

Compounds 
Molecular properties and Lipinski’s parameters DL 

score MW nHBD nHBA QPlogP o/w N of 
Violations Nrb 

Com 5 380.44 3 2 3.81 0 4  0.34 
Com 6 44.844 3 5 4.85 1 5 0.40 
Com 7 448.44 3 5 4.80 0 5 0.23 
Com 8 448.44 3 5 4.83 0 5 0.29 
Com 9 410.47 3 3 3.81 0 5 0.53 

Com 10 394.47 3 2 4.14 0 4 0.26 
Com 11 458.90 4 4 3.88 0 5 1.09 
Com 12 458.90 4 4 3.95 0 5 0.52 
Com 13 458.90 4 4 3.97 0 5 1.00 
Com 14 381.43 3 3 3.08 0 4 0.68 
Com 15 381.43 3 3 3.07 0 4 0.75 
Com 16 424.45 4 4 3.35 0 5 0.46 
Com 17 398.43 3 3 4.13 0 4 0.54 
Com 18 380.44 3 2 3.81 0 4 0.34 
Com 19 398.43 3 3 4.12 0 4 0.69 
Com 20 438.48 4 2 3.81 0 5 0.67 
Com 21 438.48 4 4 3.81 0 5 0.15 
Com 22 438.48 4 4 3.40 0 6 0.88 

LogP – log of octanol/water partition coefficient; MW – molecular weight; nHBA –number of hydrogen 
bond acceptor(s); nHBD – number of hydrogen bond donor(s); nRotB – number of rotable bond(s) and DL 
score-drug-likeness score. 
ADME Prediction 
The ADME properties of the designed compounds were predicted using SwissADME. The results are 
summarized in Table 6. all the compounds show Pharmacokinetics parameters and bioavailability of the 
benzimidazole quinoline derivatives. Eighteen compounds had high values of GI absorption. Moreover, 
the analysis provided insights into the probability of some compounds crossing the blood brain barrier 
(BBB), although experimental studies are necessary to validate these predictions. Interestingly all the 
results indicated that almost all derivatives are not P-glycoprotein (P-gp) inhibitors, implying that they 
are unlikely to be substrates for the efflux pump and may exhibit lower potential for drug-drug 
interactions. 
 
CONCLUSION 
This study designed and assessed a number of benzimidazolo quinoline derivatives as possible inhibitors 
of the PI3K and EGFR-TK receptors using molecular docking experiments. The findings showed 
encouraging interactions and binding affinities with the target receptors when compared to the reference 
medications imatinib and AMG319. ChemSketch was used for the drug design process, and OpenBabel 
made file conversion easier. Chimera was used to purify proteins having PDB IDs that were obtained from 
the RCSB Protein Data Bank. Additionally, SwissADME was used to evaluate drug-likeness properties and 
conduct ADME studies. PyRx was used for molecular docking simulations, BIOVIA Discovery Studio was 
used for visualization, and MolSoft was used for further drug-likeness assessment. Further studies are 
needed to synthesize and evaluate the biological activity of the designed compounds. Additionally, the 
optimization of the lead compounds to improve their potency and selectivity towards PI3K and EGFR-
TK is warranted. 
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Table 6: Pharmacokinetic parameters of the designed Benzimidazole Quinazoline derivatives 

Com
pounds 

GI absorption 

BBB perm
eant 

P-Gp substrate 

CYP1A2inhibitor 

CYP2C19inhibitor 

CYP2C9inhibitor 

CYP2D
6inhibitor 

CYP3A4inhibitor 

Log K
p(cm

/s) 

Com5 High Yes Yes No Yes Yes Yes Yes -5.22 
Com6 High No Yes Yes Yes No Yes Yes -5.00 
Com7 High No Yes Yes Yes No Yes Yes -5.00 
Com8 High No Yes Yes Yes No Yes Yes -5.00 
Com9 High Yes Yes No Yes Yes Yes Yes -5.42 

Com10 High Yes Yes No Yes Yes Yes Yes -5.04 
Com11 High No No No No Yes Yes Yes -5.19 
Com12 High No No No No Yes Yes Yes -5.19 
Com13 High No No No No Yes Yes Yes -5.19 
Com14 High Yes Yes No Yes Yes Yes Yes -5.09 
Com15 High Yes Yes No Yes Yes Yes Yes -5.99 
Com16 High No No No No Yes Yes Yes -5.82 
Com17 High Yes Yes No Yes Yes Yes Yes -5.26 
Com18 High Yes Yes No Yes Yes Yes Yes -5.22 
Com19 High Yes Yes No Yes Yes Yes Yes -5.26 
Com20 High No No No No Yes Yes Yes -5.25 
Com21 High No No No No Yes Yes Yes -5.25 
Com22 High No No No No Yes Yes Yes -5.64 
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