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A B S T R A C T   

Cancer is a broad classification of diseases that can affect any organ or body tissue due to aberrant 
cellular proliferation for unknown reasons. Many present chemotherapeutic drugs are highly 
toxic and have little selectivity. Additionally, they lead to the development of medication resis-
tance. Therefore, developing tailored chemotherapeutic drugs with minimal side effects and good 
selectivity is crucial for cancer treatment. 2-(1H)-Quinazolinone is one of the vital scaffold and 
anticancer activity is one of the prominent biological activities of this class. Here we report the 
novel set of amide-enriched 2-(1H)-quinazolinone derivatives (7a-j) and their apoptotic activity 
with the help of MTT assay method against four human cancer cell lines: PC3 (prostate cancer), 
DU-145 (prostate cancer), A549 (lung cancer), and MCF7 (breast cancer). When compared to 
etoposide, every synthetic test compound (7a-j) exhibited moderate to excellent activity. The IC50 
values of the new amide derivatives (7a-j) varied from 0.07 ± 0.0061 μM to 10.8 ± 0.69 μM. 
While the positive control, etoposide, exhibited 1.97 ± 0.45 μM to 3.08 ± 0.135 μM range. 
Among the novel amide derivatives (7a-j), in particular, 7i and 7j showed strong apoptotic ac-
tivity against MCF7; 7h showed against PC3, and 7g showed against DU-145. Molecular docking 
studies of test compounds (7a-j) with the EGFR tyrosine kinase domain (PDB ID: 1M17) protein 
provided the significant docking scores for each test compound (7a-j) (− 9.00 to − 9.67 kcal/mol). 
Additionally, DFT investigations and MD simulations validated the predictions of molecular 
docking. According to the findings of the ADME analysis, oral absorption by humans is antici-
pated to be higher than 85 % for all test compounds.   

1. Introduction 

Cancer is a severe problem in both developed and underdeveloped countries. According to the International Agency for Research on 
Cancer (IARC), one in every five people will develop cancer at some point in their lives [1–3]. The most common types of cancer are 
breast, lung, prostate, and colon cancer. Intrusive procedures such as surgery and hazardous medication such as chemotherapy and 
radiotherapy are most common treatments. These procedures have downsides, such as the careless destruction of healthy cells and the 
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development of medication resistance etc. [4,5] Therefore, developing tailored chemotherapeutic drugs with minimal side effects and 
good selectivity is crucial for cancer treatment. Heterocyclic compounds are key synthetic targets for the creation of new chemo-
therapeutics with good selectivity and are being studied extensively as bioactive molecules [6–15]. Quinazolines are well-studied 
phenyl pyrimidine heterocycles with potential biological applications [16,17]. The quinazoline moiety serves as a fundamental 
structural unit in various physiologically active chemicals and medicinal molecules [18]. Quinazoline and quinazolinone derivatives 
have been attracted by biologists and medicinal chemists due to their diverse pharmacological activities [19,20], including anticancer 
[21–24], antitubercular [25–27], antimalarial [28], anti-inflammatory [29,30], antimicrobial [31], anticonvulsant [32], antihyper-
tensive [33,34], antidiabetic [35], anti-HIV [36], antitumor [37–39], antioxidant [40], antiviral [41], kinase inhibitory [42], 
sedative-hypnotic, antihistaminic and many other uses [43]. Quinazoline and its derivatives are promising cancer chemotherapeutic 
agents for treating solid tumors [44–50]. The FDA has approved many quinazoline derivatives for clinical use as cancer treatments. 
These drugs include Erlotinib, Afatinib, Imatinib, Gefitinib, Lapatinib, Vandetanib and Lcotinib [51,52]. However, fewer number of 
anticancer agents were reported, where 2-quinazolinone (quinazolin-2(1H)-one) is basic structural unit [53]. As a part of our ongoing 
research towards the design and development of bioactive anticancer drug molecules, we designed the series of novel 
quinazolinone-based molecules by introducing isopropyl group at 1st position (at amine nitrogen center) and phenyl group at 4th 
position of phenyl pyrimidine 2-quinazolinone (at imine nitrogen center) and tunable amide functionality at 6th position of the phenyl 
pyrimidine 2-quinazolinone structural unit. Molecular modeling studies predicted that substituent modification at amide functionality 
of phenyl pyrimidine 2-quinazolinone unit will produce potential anticancer agents that can bind with several enzymes, including 
epidermal growth factor receptor (EGFR), dihydrofolate reductase, folate thymidylate synthase, tyrosine kinase, aldose reductase, 
cyclic GMP phosphodiesterase, and DNA repairing enzyme [54–56]. The four EGFR subfamilies (erbB-1 to 4) regulate the proliferation, 
apoptosis evasion, angiogenesis, migration, and metastasis of cancer cells. Breast, lung, colon, and bladder cancers, as well as other 
solid tumors with unfavorable prognoses, are brought on by the overexpression of EGFR [30]. We have therefore selected EGFR 
tyrosine kinase domain (EGFR TKD) as drug targets implicated in breast, lung and prostate cancers. Here we proposed 26 novel 
quinazolinone derivatives (7a-z) by altering the substitution at position “C6” will affect molecules biological activity (Chart-S1 in SI). 
All 26 novel quinazolinone derivatives designed were investigated for their possible biological significance by using molecular docking 
studies to better understand the structure-activity correlation. Non-covalent interactions such as H-bonds, pi-stacking, ionic and van 
der Waals interactions are involved when a drug molecule binds with protein targets. The molecular docking scores of all the proposed 
quinazolinone derivatives (7a-z) and the reference molecules such as Etoposide and Erlotinib were provided in Table S1 in SI. Further, 
the pharmacokinetic characteristics of all the proposed quinazolinone derivatives and reference molecules were also investigated and 
provided in Table S2 in SI. After preliminary screening of all proposed quinazolinone derivatives by computer-aided methods, 
quinazolin-2-(1H)-one derivatives (7a-j) were selected and synthesized in our research lab by utilizing novel synthetic methodology 
and easily accessible starting materials. All of the synthesized quinazolin-2-(1H)-one derivatives (7a–j) were fully characterized and 
their structures validated utilizing spectroscopic/analytical techniques such as NMR spectroscopy and mass spectrometry. Further-
more, utilizing HPLC analysis to determine the purity of each derivative (7a-j), it was observed that all tested compounds had a purity 
of at least 95 %. In-vitro cytotoxicity of all the synthesized quinazolin-2-(1H)-one derivatives (7a-j) were investigated by using the MTT 
assay method against the four human cancer cell lines MCF7 (Breast cancer), A549 (Lung cancer), PC3 (Prostate cancer) and DU- 145 
(Prostate cancer) and Etoposide is used as a positive control. Among all quinazolin-2-(1H)-one scaffolds tested, the test compounds 7a 

Scheme 1. Synthesis of 6-amino-1-isopropyl-7-methyl-4-phenylquinazolin-2(1H)-one (5).  
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and 7c demonstrated modest activity with reference to “Etoposide,” while 7g-j showed exceptional cytotoxicity against four human 
cancer cell lines. Particularly, 7h, 7i, and 7j showed remarkable activity against all four human cancer cell lines. The results from in 
silico molecular docking studies by using EGFR tyrosine kinase domain (EGFR TKD) (1M17), as protein target are consistent with the 
experimentally derived results for quinazolinone derivatives (7a-j). The docking scores of the newly produced quinazolinone de-
rivatives (7a-j) with EGFR tyrosine kinase domain (EGFR TKD) (1M17) protein target varied from − 9.00 kcal/mol to − 9.67 kcal/mol 
whereas reference standard etoposide showed docking score as − 7.66 kcal/mol, indicating that, the proposed 2-quinazolinone de-
rivatives (7a-j) have reasonably good binding affinities with the protein target compared to etoposide. However, the real-time bio-
logical activity under in-vitro or in-vivo conditions may differ from molecular docking predictions. Molecular docking predictions were 
further supported by MD simulations and DFT studies. According to the findings of the ADME analysis, oral absorption by humans is 
anticipated to be higher than 85 % for all test compounds. 

2. Results and discussion 

2.1. Synthesis of 6-amino-1-isopropyl-7-methyl-4-phenylquinazolin-2(1H)-one (5) 

A new series of amide enriched 2-(1H)-quinazolinone derivatives (7a-j) derived from 6-amino 1isopropyl-7-methyl-4-phenyl-
quinazolin-2(1H)-one (5) has been synthesized in a traditional step by-step synthetic methodology as described in Schemes 1 and 2 
with good to moderate yields in every step. Friedel-Crafts acetylation of 1-chloro-3-methyl benzene with benzoyl chloride in presence 
of AlCl3 offered (2-chloro-4-methylphenyl) (phenyl)methanone (1, 51 %) and 4-chloro-2- methylphenyl) (phenyl)methanone (35 %). 
The intermediate (2-chloro-4-methylphenyl) (phenyl)methanone (1) was further subjected to nitration in the presence of H2SO4/ 
HNO3 and acetic anhydride to get 2-chloro-4-methyl-5-nitrophenyl)(phenyl)methanone (2), as another key intermediate with good 
yield (92 %). Further, treatment of intermediate compound 2 with isopropyl amine in the presence of K2CO3 and CuI offered the 2- 
chloro-4-methyl5-nitrophenyl) (phenyl)methanone (3) with 82 % yield. The reaction of compound 3 with ethyl-carbamate in the 
presence of ZnCl2 at 240 ◦C in a sealed tube offered 1-isopropyl-7-methyl-6-nitro4-phenylquinazolin-2(1H)-one) (4) with 78 % yield. 
Finally, the nitro group of the intermediate compound (4) reduced to amine functionality with the help of Raney Ni, H2 gas in methanol 
solvent afforded the desired amine compound such as 6-amino-1-isopropyl-7-methyl-4-phenylquinazolin2(1H)-one (5) with 82 % 
yield. 

All the intermediate compounds (1–5) were characterized by using spectroscopic/analytical techniques and corresponding data 
was given in the experimental section and spectral data was presented in supporting information. The structurally characterized key 
intermediate compound (5) is then further treated with various aryl acid chlorides (6a-j) to achieve the target amine enriched 2-(1H)- 

Scheme 2. Synthesis of target amide enriched 2-(1H)-quinazolinone derivatives (7a-j).  
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quinazolinone derivatives (7a-j) in the presence of triethylamine as a base in toluene solvent under reflux condition as shown in 
Scheme 2. The final amide derivatives(7a-j) derived from 6-amino-1-isopropyl-7-methyl-4-phenylquinazolin-2(1H)-one (5) was fully 
characterized by spectroscopic/analytical techniques. 

2.2. Biological evaluation 

2.2.1. In-vitro cytotoxicity 
The newly synthesized amide enriched 2-(1H)-quinazolinone derivatives (7a-j) were examined for their in-vitro cytotoxicity against 

four human cancer cell lines such as MCF7 (Breast cancer), A549 (Lung cancer), PC3 (prostate cancer) and DU-145 (Prostate cancer) by 
using the MTT assay and obtained results i.e., the half maximal inhibitory concentration (IC50) of the tested compounds on the four 
human cancer cell lines are summarized and reported in Table 1. The chemotherapeutic anticancer drug such as etoposide is used as 
positive control. Most of the tested compounds displayed excellent-good and good-moderate activities compared to etoposide under in- 
vitro conditions. This could be presumably due to the enhanced lipophilic nature of the incorporated tunable amide functionality and 
appended quinazolinone system in 7a-j compounds. The IC50 values of the novel amide derivatives (7a-j) ranged from 0.07 ± 0.0061 
μM to 10.8 ± 0.69 μM whereas positive control (Etoposide) showed 1.97 ± 0.45 μM to 3.08 ± 0.135 μM, for all the human cancer cell 
lines studied. The developed quinazolinone derivatives of 6-amino-1-isopropyl-7-methyl-4-phenylquinazolin-2(1H)-one was found to 
have significant biological impact and they can be transformed to good cytotoxic agents after in-depth analysis and clinical trials at the 
later stages. The present study i.e. MTT assay investigations predicted that apoptotic activity of the test compounds (7a-j) under in- 
vitro conditions. Among the new amide derivatives (7a-j), particularly 7g-j displayed highly potent apoptotic activity towards 
MCF7 (7i, 7j), PC3 (7h), and DU- 145 (7g) human cancer cell lines respectively. Among the investigated compounds, four compounds 
(7g, 7h, 7i, and, 7j) displayed potent apoptotic activities at all investigating doses (See Table 1). 

It was observed that compound 7i with heterocyclic ring(6-bromopicolinoyl) substitution linked to amide functionality showed 
excellent apoptotic activity, which can be evident by IC50 values (Entry 9 in Table 1), on four used human cancer cell lines, as MCF-7 =
0.07 ± 0.0061 μM; A549 = 0.19 ± 0.045 μM; PC3 = 0.012 ± 0.021 μM and DU-145 = 1.64 ± 0.12 μM) compared to etoposide (Entry 
11). Also, the compound 7j with electron-rich segment (4-methoxy) group as a substituent on the phenyl ring linked to amide 
functionality displayed excellent apoptotic activity on MCF-7 = 0.13 ± 0.053 μM; A549 = 1.23 ± 0.19 μM; PC3 = 1.81 ± 0.22 μM and 
DU-145 = 1.63 ± 0.11 μM) compared to etoposide (Entry 11); Compound 7h with heterocyclic ring (thiophene) substitution linked to 
amide functionality showed good apoptotic activity on four human cancer cell lines MCF-7 = 1.85 ± 0.14 μM; A549 = 1.27 ± 0.03 μM; 
PC3 = 0.77 ± 0.086 μM and DU-145 = 1.02 ± 0.065 μM) compared to etoposide (Entry 11) and compound 7g with heterocyclic ring 
(benzyl) substitution showed good apoptotic activity on four human cancer cell lines MCF7 = 2.29 ± 0.41 μM; A549 = 2.11 ± 0.28 μM; 
PC3 = 2.09 ± 0.17 μM and DU-145 = 1.98 ± 0.27 μM) compared to etoposide (Entry 11) and showed slightly lower activity when 
compared with compound 7j (see Entries 7 and 10). However, as expected compound 7b (Phenyl),7c (cyclohexyl), and 7e (Methyl 
benzyl) substitution on phenyl ring linked to amide functionality displayed relatively lower activity compared to 7h and etoposide 
(Entry 8 &11) due to the reduced inductive effect. The remaining test compounds with electron-withdrawing substituents 7a (4- 
fluorophenyl), 7d (3-bromobenzoyl) and 7f (4-bromophenylacetyl) substitution showed weak apoptotic activity when compared with 
etoposide (see entry 1,4,6 and 11) due to presence of electron-withdrawing groups on aryl substitution, which further influences the 
binding capacity of amide (-C(=O)– NH) group during the interactions with drug targets of various human cancer cell lines. These 
results suggested that the designed quinazolin-2-one derivatives having 6-amino-1-isopropyl-7- methyl-4-phenylquinazolin2(1H)-one 
(7a-j) are promising candidates for future cytotoxic molecules discovery. 

Table 1 
Screening results of apoptotic activity of the test compounds (7a-j) expressed as IC50 (μM) using the MTT assay. All the values are expressed as the 
mean ± SD of triplicate experiments.a  

Entry Compound c MCF-7 d A549 e PC3 f DU-145 

1 7a 3.48 ± 0.21 4.11 ± 0.34 ND ND 
2 7b 6.21 ± 0.29 6.43 ± 0.78 5.62 ± 0.51 ND 
3 7c ND 2.91 ± 0.17 4.25 ± 0.33 3.96 ± 0.16 
4 7d 7.52 ± 0.33 ND ND 5.97 ± 0.41 
5 7e ND 10.8 ± 0.69 3.10 ± 0.39 7.44 ± 0.51 
6 7f 6.71 ± 0.61 ND 8.24 ± 0.51 7.19 ± 0.54 
7 7g 2.29 ± 0.41 2.11 ± 0.28 2.09 ± 0.17 1.98 ± 0.27 
8 7h 1.85 ± 0.14 1.27 ± 0.03 0.77 ± 0.086 1.02 ± 0.065 
9 7i 0.07 ± 0.0061 0.19 ± 0.045 0.12 ± 0.021 1.64 ± 0.12 
10 7j 0.13 ± 0.053 1.23 ± 0.19 1.81 ± 0.22 1.63 ± 0.11 
11 Etoposide 2.11 ± 0.024 3.08 ± 0.135 2.39 ± 1.56 1.97 ± 0.45 

ND = Not deter mi ne. 
a Each data represents as mean ± S. D values. From three different experiments performed in triplicates. 
c MCF-7: human breast cancer cell line. 
d A549: human lung cancer cell line. 
e PC3: human prostate cancer cell line. 
f DU-145: human prostate cancer cell line. 
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2.3. Molecular docking studies 

The molecular docking studies were used to screen the binding interactions of the investigated test compounds (7a-j) utilizing the 
AutoDock v4.2.6 suite. AutoDock v4.2.6 uses the Lamarckian Genetic Algorithm (LGA) as a search engine to automate docking in-
vestigations [54]. The pdbqt files for the receptor and the ligand were prepared using the graphical interface of the auto-docking 

Fig. 1. 2D (left side (a)) and 3D (right side (b)) Docking interaction profiler of 7i with EGFR-TKD active site of protein(1M17).  

Table 2 
Molecular docking scores and active interactions of test compounds (7a-j) with EGFR TKD (PDB ID: 1M17).  

Test compound Docking score 
(kcal/mol) 

Inhibition 
Constant, 
Kia (nM/ 
μM) 

Amino acid residues interacting with reference and test compounds 

7a − 9.59 92.70 nM H-Bond: Arg817(3.64 Å), Met769(2.30 Å) and Asp831(1.91 Å); Hydrophobic: Leu694(3.47 Å), 
Al a719(3.60 Å), Lys721(3.27 Å), Leu764(3.97 Å), 
Thr766(3.71 Å), Met 769(3.23 Å) and Leu820(3.85 Å) 

7b − 9.11 98.16 nM H-Bond: Thr766(3.67 Å), Met769(2.13 Å) and Asp831(2.11 Å); Hydrophobic: Leu694(3.75 Å), 
Phe699(3.41, 3.49 & 3.72 Å), Lys721(3.69 Å), Thr766(3.75 Å), Met 769(3.09 Å) and Leu820(3.56 Å); 
π-Stacking: Lys721(5.31 Å) 

7c − 9.29 154.67 nM H- Bond: Thr766(3.70 Å), Met769(2.23 Å) and Asp831(2.19 Å); Hydrophobic: Leu694(3.65 Å), Phe699 
(3.76 Å), Thr766(3.85 Å), Met769(3.03 Å) and Leu820(3.52 Å); π-Stacking: Phe699(4.05 Å) 

7d − 9.17 162.48 nM H- Bond: Met769(2.13 Å) and Asp831(1.88 Å); Hydrophobic: Leu694(3.70 Å), Phe699(3.80 Å), Lys721 
(3.69 Å), Thr766(3.59 Å), Met769(3.19 Å) and Leu820(3.28& 3.44 Å); π-Stacking: 
Phe699(4.09 Å) 

7e − 9.03 239.76 nM H- Bond: Lys721(2.27 Å) and Asp831(3.41&3.40 Å); Hydrophobic: Leu694(3.49 Å), Phe699(3.34 Å), 
Val702(3.80 Å), Ala719(3.41 Å), Lys721(3.92 Å), andLeu820(3.23 Å) 

7f − 9.00 250.54 nM H-Bond: Lys721(2.30 Å) and Asp831(3.30 &3.31 Å); Hydrophobic: Leu694(3.37 Å), 
Phe699(3.63 Å), Val702(3.46 Å), Ala719(3.97 Å), 
Asp831(3.73 Å), and Leu820(3.18, 3.85 &3.98 Å 

7g − 9.41 126.35 nM H-Bond: Thr766(3.64 Å), Met769(2.23 Å) and Asp831(1.90 Å); Hydrophobic: Leu694(3.49 Å), Phe699 
(3.77 Å), Lys721(3.75 Å), Thr766(3.39 Å), 
Met 769(3.31 Å) and Leu820(3.61 Å) 

7h − 9.31 81.63 
nM 

H-Bond: Met769(2.87 Å) and Asp831(2.94 Å); Hydrophobic: Leu694(3.56 Å), 
Al a719(3.87 Å), Lys721(3.47 Å), Thr766(3.52 Å), 
Met 769(3.38 Å) and Leu820(3.31 &3.51 Å); π-Stacking: Phe699(4.17 Å) 

7i − 9.67 82.15 
nM 

H- Bond: Lys721(2.76 Å), Asp831(2.73 Å); Hydrophobic: Ala719(3.17 Å), Met769(3.49 Å), 
Leu820(3.89 Å) and Asp831(3.55 Å) 

7j − 9.65 84.46 
nM 

H-Bond: Lys721(3.03 Å) and Met 769(2.95 Å); Hydrophobic: Leu694(3.35 Å), 
Val 702(3.56 Å), Ala719(3.53 Å), Lys721(3.35 Å), 
Leu764(3.60 Å), Thr766(3.58 Å), Leu768(3.64 Å), 
Met 769(3.09 Å) and Leu820(3.37 Å); π-Stacking: Phe699(4.48 Å) 

Erlotinib − 7.54 2.96 uM H-Bond: Cys773(2.24 Å) and Met769(4.15 Å); Hydrophobic: Val702(3.65 Å), Lys721(3.70 Å), 
Thr766(3.73 Å), Asp831(3.47 Å), Gly772(3.72 Å); π-Cation Interactions: Lys721(4.81 Å) 

Etoposide − 7.66 2.41 uM H-Bond: Cys773(3.27 Å), and Arg817(2.57 & 3.02 Å); Hydrophobic: Leu820(3.32 Å), Thr830(3.65 Å).  

a Inhibitory constant (Ki) values are generated theoretically from molecular docking methodology. 
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application ADT4.2. The 2D structures (7a-j) of the target compounds were sketched in ChemDraw and saved as pdb files. The ligand 
files were subjected to energy minimization (force field-uff) using the open babel tool and conformers (AutoDock pdbqt files) were then 
generated in Auto Dock tool. The structure of chosen protein, Epidermal Growth Factor Receptor tyrosine kinase domain (EGFR TKD) 
with 4-anilinoquinazoline inhibitor erlotinib (1M17) was downloaded from RSCB Protein Data Bank [55,56]. Before docking, the 
co-crystal ligand i.e., 4-anilinoquinazoline inhibitor (Erlotinib) and the molecular waters were eliminated as per standard docking 
protocol. The Ramachandran plot was generated using Discovery Studio 4.1 to examine whether amino acid residues reside in 
“accepted region” or “unaccepted” region. All hydrogens were added, non-polar hydrogens were merged, Kollman charges were 
added, and missing atoms were added and assigned the AD4 type. The three-dimensional energy scoring grids with a resolution of 
0.375 Å and dimensions of 60 Å × 60 Å X 60 Å were computed, and the xyz coordinates of co-crystal (Erlotinib) were extracted from 
Discovery studio (X = 20.676, Y = 9.289, and Z = 55.459) to generate a grid box around the region where the co-crystal ligand exhibits 
interactions with amino acid residues in target. The ligands (test compounds) were finally docked at the active sites using the Mo-
lecular Docking tool. Docking was done using the LGA default settings. The docked results were subjected to cluster analysis with a 
RMSD tolerance of 2.0 Å. The Discovery Studio Visualizer tool was used to analyze the binding modes and to understand the inter-
molecular interactions between the active sites of the target protein and test compounds (7a-j) [57,58]. Before proceeding to the 
docking analysis of the test compounds (7a-j), the reliability of the docking results was rechecked by redocking a co-crystallized ligand 
i.e. Erlotinib at the TKD-binding site of EGFR. The active site of EGFR in its TKD-binding domain, allows a small pocket for ligand entry 
and binding. The site consists of hydrogen bond amino acid residues (Cys773 and Met769), hydrophobic amino acid residues (Val702, 
Lys721, Thr766, Asp831, Gly772, Leu764, Leu 694), negatively charged residues (Glu738), positively charged residues (Arg817 and 
Lys721), and polar amino acids (Thr830 and Thr766) (See Fig. S1 in SI). The RMSD between the original and post-docking orientation 
is found to be 0.325 Å, confirming the methodology’s accuracy. The docking score of the co-crystal i.e. Erlotinib inhibitor is found to be 
− 7.54 kcal/mol and inhibition constant (Ki) was predicted to be 2.96 μM. Once the re-docking results were satisfactory, the test 
compounds (7a-j) are processed, optimized for protein binding, and the corresponding docking scores were assessed, which shows 
their viability in binding interactions with the active sites of the target protein. The predicted molecular docking results for test 
compounds (7a-j) were summarized in Table 2. In addition to test compounds (7a-j), the docking interactions of Etoposide with active 
site of EGFR-TKD (1M17) were also predicted and the corresponding details were provided in supplementary information (See Fig. S2 
in SI) though Etoposide is not best suited for the selected target protein EGFR-TKD (1M17). 

The test molecule 7i (6-bromo-N-(1-isopropyl-7-methyl-2-oxo-4-phenyl-1,2-dihydroquinazolin-6-yl)picolinamide) gave the more 
negative docking score (− 9.67 kcal/mol) against the EGFR tyrosine kinase domain (1M17), also demonstrated the exceptional potent 
inhibitory activity on four human cancer cell lines tested in the MTT assay. Upon analyzing the docking pose of 7i within the EGFR 
tyrosine kinase domain (1M17) binding site, it was noted that several hydrophobic residues, including Phe699, Val702, Ala719, 
Met769, Leu820, Leu768, Gln767, Gly772, Thr830, and Thr766, surround the supplied ligand, or test compound 7i. The EGFR-TKD 
protein target (1M17) and the test compound 7i are found to bind through a donor type H-bond between nitrogen of its amide group 
and Asp831, neighboring polar Lys721 residue, through pi-sulfates interaction of Met742 with aromatic picoline ring, pi-alkyl 
interaction of halogen (Br) with Leu764, and strong aromatic hydrophobic interaction with Val702 residue. (Fig. 1). 

In a similar fashion, the test compounds 7j (N-(1-isopropyl-7-methyl-2-oxo-4-phenyl-1,2-dihydroquinazolin-6-yl)-4-methox-
ybenzamide) and 7h (N-(1-isopropyl-7-methyl-2-oxo-4-phenyl-1,2-dihydroquinazolin-6-yl)thiophene-2-carboxamide) also gave 
reasonably good docking scores (− 9.65 kcal/mol for 7j and − 9.31 kcal/mol for 7h respectively) with EGFR TKD (1M17) active binding 
sites. The captured binding characteristics, 2D and 3D docking profiles of 7j and 7h with target protein EGFR TKD (1M17) were 
provided in Table 2 and Fig. 2 & Fig. 3 respectively. The docking analysis results of 7j and 7h are consistence with experimentally 

Fig. 2. 2D (left side (a)) and 3D (right side (b)) Docking interaction profiler of 7j with EGFR-TKD active site of protein(1M17).  
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observed apoptotic activity on four human cancer cell lines. Both 7j and 7h exhibited excellent to good inhibitory activity with four 
human cancer cell lines tested in MTT assay compared to all other test compounds and reference standard Etoposide (See Table 1). 

The molecular docking results of test compound 7g (N-(1-isopropyl-7-methyl-2-oxo-4-phenyl-1,2-dihydroquinazolin-6-yl) 
thiophene-2-carboxamide) with target protein EGFR TKD (1M17) also yielded a fairly good docking score of − 9.41 kcal/mol, which is 
quite similar to the docking score of − 9.31 kcal/mol (for 7h). Nevertheless, the compound’s in-vitro apoptotic activity against four 
human cancer cell lines is found to be moderate in comparison to 7i, 7j, and 7h. The molecular docking results of all other test 
compounds (7a-g) with EGFR TKD (1M17) were provided in the supplementary information. Furthermore, the test compounds (7a–j) 
were subjected to molecular docking investigation with another target protein, such as topoisomerase-IIβ (PDB ID: 3QX3) [59]. The 
resulting docking characteristics and binding interaction data were reported in Table S3 of the supplementary information. 

2.4. ADME analysis 

2.4.1. Pharmacokinetic properties studies (ADME) 
Absorption, distribution, metabolism, and excretion (ADME) analysis predict the druggability of a molecule by studying its 

adherence with the ‘Lipinski Five’ Rules [60]. The pharmacokinetic properties and drug-likeness of novel amidic derivatives of 
Quinazolinone (7a-j) were studied and compared with standard drug (Etoposide) using an online accessible web tool: ADMET lab 2.0 
and SwissADME program of the Molecular Modelling Group of the Swiss Institute of Bioinformatics [61–66] which are publicly 
available at https://admet mesh.scbdd.com and http://www. Swissadme.ch, respectively. The software computed various pharma-
cokinetic properties and descriptors: Physicochemical: Donor H-bond (nHD <7) and accepter H-bond (nHA <12), n-stereo center ≤2, 
aqueous solubility (Log S range 0.5 to − 4 mol/L) and octanol/water partitioning coefficient (Log P ≤ 5); Absorption: The human colon 
adenocarcinoma cell lines permeability (Caco-2 > − 5.15), human gastrointestinal absorption capability (HIA) range from 0 to 0.3; 
Distribution: Brain/blood barrier (BBB) permeability in range from 0 to 0.3 cm/s, and Topological polar surface (<140) and rule of five 
(Lipinski). The percentage of oral absorption (%ABS) was calculated according to the method of Zhao et al. [67]. All the derivatives 
(7a-j) have shown strong cell permeability and the highest human oral observation compared with positive control (Etoposide) 
(Table S4 in SI). 

2.5. Molecular dynamic simulations 

2.5.1. MD studies of 7h, 7i and 7j drugs 
The molecular mechanics studies further revealed how these quinazoline derivatives interacted with the active site of kinase 

Fig. 3. 2D (left side (a)) and 3D (right side (b)) Docking interaction profiler of 7h with EGFR-TKD active site of protein(1M17).  

Table 3 
Mean binding energy, average binding and free energy of EGFR TKD-Quinazoline derivative complexes of (7h-7j).  

S. 
No 

Quinazoline 
derivative 

Binding energy (kcal/ 
mole) 

MM/GBSA 100ns (kcal/ 
mol) 

Std. Err. of Mean 
(±) 

MM/PBSA (kcal/ 
mol) 

Std. Err. of Mean 
(±) 

1 7h − 9.31 − 34.7559 0.1334 − 7.5478 1.8089 
2 7i − 9.67 − 39.8501 0.1815 − 7.6282 2.4312 
3 7j − 9.65 − 41.7478 0.1554 − 7.4321 1.7682  
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domain in EGFR kinase domain. The 100 ns AMBER MD simulations trajectories of the three complexes were analyzed by root mean 
square deviation (RMSD) and root mean square fluctuation (RMSF) plots, and the total energy of the molecular systems. The initial and 
final average structures superimposed well with low RMSD in the C-terminal domain, whereas significant conformational changes 
were seen in the N-terminal domain of EGRF TKD (1M17). The average total energies of the complexes were nearly the same; 7h 
(− 9.31kcal/mol), 7i (− 9.67 kcal/mol), and 7j (− 9.65 kcal/mol) as shown in Table 3. 

The EGFR TKD–7h complex was the most stable complex with a low RMSD of the protein and ligand (Fig. S6 and Fig. S7) and 
relatively low RMSF fluctuations (Fig. S8). The N- and C- terminal regions displayed higher RMSF compared to the other regions in the 
protein structure. All molecules induced relatively higher distortions in EGFR protein kinase N-terminal β-sheet rich region during 100 
ns MD simulations. Manual examination of the complexes from MD simulations (7h and 7j) indicated that these chemical conformers 
moved closer towards the activation loop while the 7i continued to bind close to the hinge region. This can be seen from the Sup-
plementary Figs. S6–S8). As the binding affinities from free energy calculations, the 7j has more binding affinity (-41.74 kcal/mol) 

Fig 4. The frontier molecular orbital of compounds a) 7h, b) 7i and c) 7j computed at B3LYP/6-31g (d,p) level in the gas phase.  
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among all molecules in terms of solvation surface energy from MMGBSA but in terms of polar and dispersion binding affinities, the 7i 
has more PB polar and dispersion solvation binding affinity (− 7.62 kcal/mol) towards the protein-inhibitor complex. The PB and GB 
methods calculated the binding affinities of protein-inhibitors associated with the water solvation sphere as ΔG of various terms 
including van der Waals, surface solvation, polar and dispersion solvation energies as given by individual differences given as [(ΔG 
Complex – {ΔG Receptor - ΔG Li gand})] (Homeyer et al., 2012 and Wright et al., 2014) [68]. 

From the above analysis, 7h and 7i are better suitable drug candidates at hinge region inhibition whereas 7j is bound towards the 
activation loop region and the highest GB binding free energy -41.74 kcal/mol showed the best drug molecule among all drug can-
didates. The average structure analysis of initial and final 100 ns MD simulations structures describes how the inhibitor moves towards 
the hinge region in 7h and 7i bound EGFR kinase domain. The final average structures of EGFR TKD-7j showed the inhibitor moved 
towards the kinase active binding site to influence activation and αC-helix flip movement from initial structures. Therefore, the 7j 
inhibitor has shown effective binding affinity at active site of kinase domain in EGFR as high GB binding free energy. The PB energies 
indicated EGFR kinase domain hinge region has high polar and dispersion solvation interactions with 7i and 7h drug molecules rather 
than 7j bound at the kinase active site region. The 7j, 7i, and 7h are bound at the kinase active site region but the drug-bound effective 
site region may vary based upon the active chemical space environment of specified functional group attached to quinoline basic 
structures of given drug molecules. From the MM- GBSA analyses, the binding free energies were observed to be 7h (− 34.7559 kcal/ 
mol), 7i (− 39.8501 kcal/mol), and 7j (− 41.7478 kcal/mol) as shown in Table 3. The in-silico results correlated reasonably well with 
the in vitro MTT assay observations which confirms the concurrence of data derived computational tools and experimentally derived 
cytotoxic in vitro results. The research findings reported by Sangpheak et al., 2019, Bandaru et al., 2021, supported that the compound 
7j (4-methoxy), with electron donating substitutions may show potent anticancer activity and derivatives having heterocyclic ring 
substitutions 7h and 7i showed potent anticancer activity. 

2.6. Density functional theory 

2.6.1. Quantum chemical studies of synthetic drugs 
The quantum chemical optimization was done for the three synthetic inhibitors with a corrected correlation of hybrid Beckmann 

exchange integral from Hartree Fock–Density functional combined level theory and 6-311 + G (d, p) basis set including polarized and 
diffused functional of d and p–type orbitals including hydrogen atom distorted polarized functional. The highest occupied molecular 
orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) were evaluated to understand the zone that is rich (donor) and poor 
(acceptor) in electrons, and the band gap energy in each of the compounds. The HOMO is observed on the quinazoline and the amide 
link adjacent to it. Whereas the LUMO is located on the quinazoline and connected phenyl ring in 7h and 7j, whereas, in 7i the LUMO is 
located on the bromo-substituted pyridine ring (Fig. 4). 

The HOMO-LUMO band gap energies for all three molecules vary from 152.6 to 149.58 kcal per mol (Table 4). Based on the band 
gap energy, we propose that 7j has a relatively better pharmacophore entity. 

3. Conclusions 

A new series of amide-enriched 2-(1H)-quinazolinone derivatives (7a-j) were synthesized under mild reaction conditions with 
excellent yields. The in vitro cytotoxic potential (Apoptotic activity) of these new compounds (7a-j) were screened against MCF7 
(breast cancer), A549 (lung cancer), PC3 (prostate cancer) and DU145 (prostate cancer). The novel amide-enriched 2-(1H)-quina-
zolinone derivatives 7i and 7j displayed good cytotoxic activities against cancer cell lines, MCF-7 and 7h showed against PC3, with 
IC50 values in low micromolar range. Molecular docking studies of the 7a-7j have showed a strong binding (− 9.00 to − 9.67 kcal/mol) 
with EGFR tyrosine kinase domain with 4-anilinoquinazoline inhibitor erlotinib (1M17). Additionally, DFT investigations and MD 
simulations validated the predictions of molecular docking. According to the findings of the ADME analysis, oral absorption by humans 
is anticipated to be higher than 85 % for all test compounds. The obtained results are very promising and demonstrate that the new 
compounds 7i, 7j and 7h could lead towards anticancer drug development. 

4. Experimental section 

4.1. Chemistry 

General: All the reactions were carried out under an inert atmosphere with dry solvents under anhydrous conditions unless 

Table 4 
AutoDock binding energies and DFT of inhibitors and MD studies of EGFR kinase domain -inhibitor complexes.  

S. 
No 

EGFR -drug 
complex 

ADT inhibitor mean binding 
energy in kcal/mol 

Total Energy in DFT kcal/ 
mole for inhibitor 

The inhibitor HOMO- LUMO gap 
QM calculation kcal/mol 

Average Total 
Energy of EGFR drug complex 
in MD 100 ns kcal/mol 

01 7h − 9.31 − 1.01E+06 − 152.60 − 91.928 
02 7i − 9.67 − 2.43E+06 − 151.02 − 91.865 
03 7j − 9.65 − 8.76E+05 − 149.58 − 91.911  
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otherwise mentioned. DCE was distilled from calcium hydride under a nitrogen atmosphere, ethanol was distilled from sodium eth-
oxide followed by magnesium, TEA was distilled from KOH and toluene was distilled from sodium. All the reactions were carried out 
under appropriate conditions and monitored by the thin layer chromatography (TLC) using silica gel on aluminum plates (GF254) by 
charring with 3 % (w/v) ninhydrin in n-butanol or by 3 % (w/v) phosphomolybdic acid (PMA) stain or by ultraviolet (UV) detection. 
Silica-gel (100–200 mesh) was used for column chromatography to purify the compounds. 1 H spectra were recorded on Bruker ® 
Avance 500, 400 MHz and for 13 C 125, 100 MHz spectrometer in deuterated solvent (CDCl3). 1 H NMR chemical shifts were reported in 
parts per million (ppm) (δ) with TMS as an internal standard (δ 0.00), and 13 C NMR were reported in chemical shifts with solvent 
reference (CDCl3, δ 77.00). Mass spectra were recorded on Micro mass, Quattro LC using ESI + software with capillary voltage 3.98 kV 
and ESI mode positive ion trap detector and High-resolution mass spectra (HRMS) were recorded on Bruker maxis ESI-TOF spec-
trometer. The purity of all the tested compounds (7a-j) was determined to have >95 % purity by HPLC analysis. 

4.1.1. Synthesis procedure of compound 1 & 1a[2-chloro-4-methylphenyl) (phenyl)methanone & (4-chloro-2-methylphenyl) (phenyl) 
methanone] 

To a stirred solution 0.79 mol (100 g) of compound 1 in ethylene dichloride (EDC) (2.5L) at 0–5 ◦C, were added 0.86 mol (100 mL) 
of benzoyl chloride and 0.9 mol(120g) of AlCl3, heated the reaction mixture to 100 ◦C and agitated for 16 h. The progress of the 
reaction was monitored by TLC (E. A: Hex 4:6), Quenched the mixture with dil. HCl at 0–10 ◦C and extracted the compound twice with 
Dichloromethane (2 × 600 mL). The combined organic layer was washed with purified water and 20 % sodium chloride solution. Dried 
the organic layer over MgSO4 and concentrated under reduced pressure at a temperature below 45 ◦C. The distilled residue was 
purified by flash column chromatography using (100–200 mesh silica) and gradient EtOAc/hexane to offer pure compound 1 (92.7g) 
and 1a (63.4g) as off-white solids with 51 % & 35 % yield respectively. 

1: 1 HNMR (500 MHz, CDCl3): δ = 7.812 (d, 2H, J = 10 Hz), 7.610 (t, 1H, J = 8.5 Hz), 7.493–7.462 (m, 2H), 7.313–7.281 (m, 2H), 
7.195 (d, 1H, J = 9.8 Hz), 2.432 (s, 3H); 1a: 1 H- NMR (500 MHz, CDCl3): δ = 7.806 (d, 2H, J = 9.5 Hz), 7.601 (t, 1H, J = 16.5 Hz), 
7.471 (t, 2H, J = 14 Hz), 7.325–7.244 (m, 3H), 2.345 (s, 3H). 

4.1.2. Synthesis procedure of compound 2 and 2a[2-chloro-4-methyl-5-nitrophenyl) (phenyl)methanone & 4-chloro-2-methyl-5-nitrophenyl) 
(phenyl)methanone] 

To a stirred suspension of 0.217 mol (50g) compound 1 in 0.43 mol (42.4g) of conc. H2 SO4 was added 0.49 mol (50g) of acetic 
anhydride and cooled the mixture to − 10 to − 5 ◦C, slowly adding 0.217 mol (13.68 g) of conc. HNO3 at-10 to − 5 ◦C and the mixture 
was allowed to warm to room temperature and agitated for 3 h, the progress of the reaction was monitored by TLC (E. A: Hex 4:6). 
Reaction mixture was poured into crushed ice and neutralized with aq. NaOH solution. 

Extracted twice with Dichloromethane (2 × 500 mL). The combined organic layer was washed with purified water, and 20 % 
sodium chloride solution. The organic layer was dried over MgSO4 and concentrated under a reduced pressure temperature below 
45 ◦C. The distilled residue was purified by flash column chromatography using (100–200 mesh silica) gradient EtOAc/hexane to offer 
pure compound 2 (28g) and 2a (22.7g) as pale-yellow solids with 47 % & 32.7 % yield respectively. 2: 1 H- NMR (500 MHz, CDCl3): δ 
= 8.085 (s, 1H), 7.836 (d, 2H, J = 11.9 Hz), 7.694 (t, 1H, J = 20.1 Hz), 7.545–7.506 (m, 3H), 2.710 (s, 3H); 2a: 1 H- NMR (500 MHz, 
CDCl3): δ = 8.595 (s, 1H), 8.591–8.512 (m, 1H), 8.184–8.140 (m, 2H), 7.743 (t, 1H, J = 16 Hz), 7.557 (s, 1H), 2.743 (s, 3H). 

4.1.3. Synthesis procedure of compound 3 [2-(isopropyl amino)-4-methyl-5-nitrophenyl) (phenyl)methanone] 
To a stirred solution 0.072 mol (20g) of compound 2 in Ethanol (200 mL) was added 0.18 mol (10.7g) of isopropyl amine, 0.43 mol 

(60g) of K2CO3 and 0.06 mol(12g) of CuI. The mixture was heated to 80 ◦C and agitated for 5h. The progress of the reaction was 
monitored by TLC (E. A: Hex 4:6). Diluted the mixture with purified water and extracted thrice with dichloromethane. The combined 
organic layer was washed with purified water, and sodium chloride solution and dried over MgSO4. The organic layer was concentrated 
under reduced pressure at 40–45 ◦C. The distilled residue was purified by flash column chromatography using (100–200 mesh silica) 
gradient EtOAc/hexane to offered (15.46g) of pale-yellow solid compound 3 with 72 % yield. 1 H-NMR (500 MHz, CDCl3): δ = 9.170 
(s, 1H), 8.503 (s, 1H), 7.641–7.580 (m, 3H), 7.535–7.499 m, 2H), 6.595 (s, 1H), 3.926–3.876 (m, 1H), 2.713 (s, 3H), 1.387–1.372 (d, 
6H, J = 8.0 Hz). 

4.1.4. Synthesis procedure of compound 4 [1-isopropyl-7-methyl-6-nitro-4-phenyl quinazolin2(1H)-one] 
0.033 mol (10g) of compound 3, in 50 mL of ethyl carbamate and 0.07 mol (10g) of ZnCl2 were taken into seal tube. Heated the 

mixture to 240 ◦C and agitated for 3 h. Cooled the contents to 0–5 ◦C. Quenched with dil. HCl and extracted twice with Dichloro-
methane. Combined organic phase was dried over MgSO4 and concentrated under reduced pressure at 40–45 ◦C. The distilled residue 
was purified by flash column chromatography using (100–200 mesh silica) gradient EtOAc/hexane to offered (7.36g) of pale-yellow 
solid compound 4 with 68 % yield. 1 H-NMR (500 MHz, CDCl3): δ = 8.586 (s, 1H) 7.766–7.751 (d, 2H, J = 7.5 Hz), 7.649–7.568 (m, 
3H), 7.427 (s, 1H), 5.142–5.116 (m, 1H), 2.834 (s, 3H), 1.748–1.734 (d, 6H, J = 7 Hz). 

4.1.5. Synthesis procedure of compound 5[6-amino-1-isopropyl-7-methyl-4-phenyl quinazolin-2(1H)-one] 
To a solution, 0.02 mol (6.5g) of compound 4 in MeOH (100 mL) was added raney Ni (0.65g) and the mixture was hydrogenated 

under H2 in at atmosphere using a bladder for 1 h. The progress of the reaction was monitored by TLC (E. A: Hex 4:6). The mixture was 
filtered through Celite and concentrated under a reduced pressure temperature below 45 ◦C. The distillate residue was purified by 
column chromatography using gradient EtOAc/hexane to offer (4.84g) of compound 5 as a pale yellow to beige solid with 82 % yield. 1 

H-NMR (500 MHz, CDCl3): δ = 7.719–7.70 (d, 2H, J = 9.5 Hz), 7.533–7.489 (m, 3H), 7.347 (s, 1H), 7.029 (s, 1H), 5.196 (brs, 1H), 
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3.655 (s, 2H), 2.380 (s, 3H), 1.711–1.697 (d, 6H, J = 7.0 Hz). Purity by RP- HPLC: 99.39 %, MS (ESI): Calcd. For (C17 H16 N3 O) [ M +
H] + : 293.37, found 294.42. 

4.2. Synthesis procedure of 7a-j 

4.2.1. 2-(4-fluorophenyl)- N-(1-isopropyl-7- methyl-2-oxo-4-phenyl-1,2-di hydroquinazolin-6yl) acetamide(7a) 
To a solution of (150 mg, 0.51 mmol) of compound 5 in Toluene (18 mL) was added (129.3 mg, 1.28 mmol) of TEA and (110 mg, 

0.637 mmol) of 4-Fluorophenylacetyl chloride in toluene at 0–5 ◦C. Agitate the mixture at 0–10 ◦C for 30 mi n and slowly raise the 
reaction mass temperature to reflux for 2h. The mixture was neutralized with aqueous saturated sodium bicarbonate solution and the 
separated organic layer was washed with sodium chloride solution. Dried the organic layer over sodium sulfate and concentrated 
under reduced pressure at a temperature below 45 ◦C. The distillate residue was purified by column chromatography using gradient 
EtOAc/hexane to offer (149 mg) of compound 7a as off-white solid with 68 % yield. H-NMR (500 MHz, CDCl3): δ = 8.18 (dd, 1H, J =
7.2, 3.5 Hz), 7.71 (s, 2H), 7.55–7.48 (m, 4H), 7.38–7.32 (m, 3H), 7.18–7.11 (m, 2H), 5.12 (s,1H), 3.79 (s, 2H), 2.29 (s, 3H), 1.67 (d, 6H, 
J = 7.0 Hz); 13 C{1H} NMR (125 MHz, CDCl3): δ = 173.34, 168.63, 161.92, 159.97, 155.47, 141.21, 136.16, 131.82–131.79, 130.69, 
129.82, 128.36, 124.84, 115.84, 48.94, 37.65, 19.14, 14.15; HRMS (ESI): (C26 H24 FN3 O2); [ M + H]+: calcd: 430.1931, found: 
430.1925. HPLC purity: 98.45 % 

4.2.2. N-(1-isopropyl-7- methyl-2-oxo-4-phenyl-1,2-di hydroquinazolin-6-yl) cyclohexane carboxamide(7b) 
The compound 7b was prepared by the method described for 7a, employing compound 5(150 mg, 0.51 mmol) in toluene, followed 

by the addition of Cyclohexane carbonyl chloride (6b) (94 mg, 0.637 mmol) to afford pure compound 7b (164 mg) as pale-yellow solid 
with 74 % yield. 1 H-NMR (500 MHz, CDCl3): δ = 8.03 (s, 1H), 7.68 (d, 2H, J = 5.0 Hz), 7.51–7.44 (dq, 4H, J = 14.3, 7.1 Hz), 7.39 (s, 
1H), 5.12 (s, 1H), 2.44 (s, 3H), 2.33 (ddd, 1H, J = 15.4,7.8, 3.5 Hz), 1.84–1.79 (m, 2H), 1.67 (d, 6H, J = 7.5 Hz), 1.56–1.49 (m, 2H), 
1.28 (d, 6H, J = 15.5 Hz); 13 C{1H} - NMR (125 MHz, CDCl3): δ = 175.12, 173.28, 165.53, 155.51, 141.23, 136.18, 130.65–129.79, 
128.37, 125.43, 115.73–115.28, 48.97, 45.87, 29.73, 25.66, 19.38, 14.14; HRMS (ESI): (C25 H29 N3 O2); [ M + H]+: calcd: 434.2338, 
found: 434.2334. HPLC purity: 99.01 %. 

4.2.3. N-(1-isopropyl-7-methyl-2-oxo-4-phenyl-1, 2-di hydroquinazolin-6-yl) benzamide (7c) 
The compound 7c was prepared by the method described for 7a, employing compound 5(150 mg, 0.51 mmol) in toluene, followed 

by the addition of benzoyl chloride (6c) (89.6 mg, 0.637 mmol) to afford pure compound 7c (142 mg) as pale-yellow solid with 70 % 
yield. 1 H-NMR (400 MHz, 

CDCl3): δ = 8.73 (s, 1H), 7.98 (d, 3H, J = 4.2 Hz), 7.62 (d, 2H, J = 8.4 Hz), 7.54–7.39 (m, 6H), 5.07 (s, 1H), 2.53 (s, 3H), 1.64 (d, 
6H, J = 6.0 Hz); 13 C{1H} - NMR (100 MHz, CDCl3): δ = 173.15, 166.59, 155.58, 141.54, 135.99, 134.12, 130.70, 129.78, 128.68, 
127.56, 126.13, 127.3, 126.13 115.84–115.25, 49.11, 19.68; HRMS (ESI): (C25 H23 N3 O2); [ M + H]+: calcd: 398.1868, found: 
398.1862. HPLC purity: 98.74 %. 

4.2.4. 3-Bromo-N-(1-isopropyl-7-methyl-2-oxo-4-phenyl-1,2-di hydroquinazolin-6yl) benzamide (7d) 
The compound 7d was prepared by the method described for 7a, employing compound 5(150 mg, 0.51 mmol) in toluene, followed 

by addition of 3-bromobenzoyl chloride (6d) (140 mg, 0.637 mmol) to afford pure compound 7d (189 mg) as beige solid with 78 % 
yield. 1 H-NMR (500 MHz, CDCl3): δ = 8.63 (s,1H), 8.10 (s, 1H), 7.93 (s, 1H), 7.89 (d, 1H, J = 7.8 Hz), 7.64 (ddd, 1H, J = 7.9, 2.0, 1.0 
Hz), 7.57 (d, 2H, J = 7.5 Hz), 7.44–7.35 (m, 4H), 7.31 (t, 1H, J = 7.9 Hz), 5.06 (s, 1H), 

2.51 (s, 3H), 1.63 (d, 6H, J = 6.9 Hz); 13 C{1H} - NMR (100 MHz, CDCl 3): δ = 173.13, 165.12, 155.58, 141.63, 136.05, 135.90, 
134.96, 130.76, 130.33, 129.72, 128.36, 126.24, 115.92–115.26, 49.18, 19.67, 14.52; HRMS (ESI): (C25 H22 Br N3 O2); [ M + H]+: 
calcd: 476.0973, found: 476.0969. HPLC purity: 98.26 %. 

4.2.5. 3.2.5 N-(1-isopropyl-7- methyl-2-oxo-4-phenyl-1,2-di hydroquinazolin-6-yl)-4methyl benzamide (7e) 
The compound 7e was prepared by the method described for 7a, employing compound 5(150 mg, 0.51 mmol) in toluene, followed 

by addition of 4- methylbenzoyl chloride (6e) (99 mg, 0.637 mmol) to afford pure compound 7e (145 mg) as pale-yellow solid with 69 
% yield. 1 H-NMR (500 MHz, CDCl3): δ = 8.20 (s,1H), 7.78 (d, 5H, J = 8.4 Hz), 7.58–7.48 (m, 3H), 7.45 (s, 1H), 7.29 (d, 2H, J = 8.0 
Hz), 5.16 (s, 1H), 2.52 (s, 3H), 2.43 (s, 3H), 1.70 (d, 6H, J = 7.2 Hz); 13 C{1H} - NMR (125 MHz, CDCl3): δ = 173.13, 166.36, 155.54, 
142.03, 136.08, 131.22, 130.68, 129.81, 129.40, 127.41, 125.86, 115.54, 49.03, 21.53, 19.56, HRMS (ESI): (C26 H25N3 O2); [ M +
H]+: calcd: 

412.2025, found: 412.2020. HPLC purity: 98.97 %. 

4.2.6. 2-(4-bromophenyl)- N-(1-isopropyl-7- methyl-2-oxo-4-phenyl-1,2-di hydroquinazolin-6yl) acetamide (7f) 
The compound 7f was prepared by the method described for 7a, employing compound 5(150 mg, 0.51 mmol) in toluene, followed 

by the addition of 4- bromophenylacetyl chloride (6f) (149 mg, 0.637 mmol) to afford pure compound 7f (180 mg) as light brown solid 
with 72 % yield. 1 H- NMR (500 MHz, CDCl3): δ = 8.16 (s,1H), 7.75–7.71 (m, 2H), 7.55–7.50 (m, 5H), 7.34 (s, 1H), 7.23 (d, 2H, J = 8.4 
Hz), 7.08 (s, 1H), 5.11 (s, 1H), 3.72 (s, 2H), 2.20 (s, 3H).1.67 (d, 6H, J = 7.0 Hz); 13C{1H} -NMR (125 MHz, CDCl3): δ = 173.39, 
169.61, 155.29, 141.21, 140.57, 135.94, 133.90, 130.28132.23 (m), 129.67, 128.33, 125.35, 121.35, 115.44, 49.12, 43.19, 19.35, 
15.26; HRMS (ESI): (C26 H24 Br N3 O2); [ M + H] +: calcd: 490.1130, found: 490.1141. HPLC purity: 98.58 %. 
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4.2.7. 2-(4-bromophenyl)- N-(1-isopropyl-7- methyl-2-oxo-4-phenyl-1,2-di hydroquinazolin-6yl) acetamide (7g) 
The compound 7g was prepared by the method described for 7a, employing compound 5(150 mg, 0.51 mmol) in toluene, followed 

by addition of Phenylacetyl chloride (6g) (99 mg, 0.637 mmol) to afford pure compound 7g (160 mg) as pale-yellow solid with 76 % 
yield. 1 H-NMR (500 MHz, CDCl3): δ = 8.28 (s, 1H), 7.78–7.74 (m, 2H), 7.56–7.50 (m, 3H), 7.47–7.40 (m, 2H), 7.40–7.31 (m, 4H), 
6.98 (s, 1H), 5.12 (s, 1H), 3.77 (s, 2H), 2.10 (s, 3H), 1.66 (d, 6H, J = 7.0 Hz); 13 C{1H}- NMR (125 MHz, CDCl3): δ = 173.36, 169.65, 
155.45, 141.09, 138.33, 136.24, 134.48, 130.73, 129.87, 129.63, 129.41, 128.39, 115.50, 48.91, 44.48 19.37, 18.75; HRMS (ESI): 
(C26 H25 N3 O2); [ M + H]+: calcd: 412.2025, found: 412.2026. HPLC purity: 98.73 %. 

4.2.8. N-(1-isopropyl-7- methyl-2-oxo-4-phenyl-1,2-di hydroquinazolin-6-yl)thiophene-2carboxamide (7h) 
The compound 7h was prepared by the method described for 7a, employing compound 5(150 mg, 0.51 mmol) in toluene, followed 

by addition of thiophene-2-carbonyl chloride (6h) (94 mg, 0.637 mmol) to afford pure compound 7h (123 mg) as pale-yellow solid 
with 60 % yield. 1 H-NMR (500 MHz, CDCl3): δ = 8.10–7.91 (m, 2H), 7.71 (dt, 3H, J = 16.3, 6.6 Hz), 7.56 (dt, J = 3.8, 1.9 Hz, 1H), 
7.51–7.40 (m, 4H), 7.13 (dd, 1H, J = 5.1, 3.6 Hz), 5.11 (s, 1H), 2.53 (s, 3H), 1.67 (d, 6H, J = 6.8 Hz); 13 C{1H}- NMR (125 MHz, 
CDCl3): δ = 173.16, 160.60, 155.53, 141.07, 138.42, 136.05, 130.78.129.89, 129.20, 128.44, 127.99, 125.71, 115.91, 115.34, 49.10, 
19.51; HRMS (ESI): (C23 H21 N3 O2 S); [M+H] +: calcd: 404.1432, found: 412.1422. HPLC purity: 98.09 %. 

4.2.9. 3-bromo- N-(1-isopropyl-7- methyl-2-oxo-4-phenyl-1,2-di hydroquinazolin-6yl) benzamide (7i) 
The compound 7i was prepared by the method described for 7a, employing compound 5(150 mg, 0.51 mmol) in toluene, followed 

by the addition of 6-bromopicolinoyl chloride (6i) (129 mg, 0.637 mmol) to afford pure compound 7i (151 mg) as brown solid with 62 
% yield. 1 H-NMR (500 MHz, CDCl3): δ = 9.74 (s,1H), 8.58 (s, 1H), 8.21 (d, 1H, J = 7.5 Hz), 7.92–7.75 (m, 3H), 7.69 (d, 1H, J = 7.8 
Hz), 7.61–7.43 (m, 4H), 5.19 (s, 1H), 2.59 (s, 3H), 1.73 (d, 6H, J = 6.9 Hz); 13 C{1H}- NMR (125 MHz, CDCl3): δ = 173.38, 160.78, 
155.37, 150.53, 141.16, 140.54, 140.09, 138.02, 136.37, 131.30, 130.70, 129.89, 129.76, 128.40, 123.06, 121.52, 130.76, 130.33, 
130.25, 129.72, 128.36, 126.24, 115.91, 48.94, 19.45; HRMS (ESI): (C24H21 Br N4 O2); [ M + H]+: calcd: 477.0926, found: 477.0924. 
HPLC purity: 98.69 %. 

4.2.10. N-(1-isopropyl-7- methyl-2-oxo-4-phenyl-1,2-di hydroquinazolin-6-yl)-4methoxybenzamide(7j) 
The compound 7j was prepared by the method described for 7a, employing compound 5(150 mg, 0.51 mmol) in toluene, followed 

by addition of 4-methoxybenzyl chloride (6j) (109 mg, 0.637 mmol) to afford pure compound 7j (179 mg) as pale-yellow solid with 82 
% yield. 1 H-NMR: (400 MHz, CDCl3): δ = 8.10 (d, 1H, J = 19.2 Hz), 7.94 (d, 2H, J = 7.3 Hz), 7.75 (d, 2H, J = 7.1 Hz), 7.58–7.41 (m, 
4H), 7.30 (d, 1H, J = 3.5 Hz), 6.93–7.07 (m, 2H), 5.14 (s, 1H), 3.90 (s, 3H), 2.55 (s, 3H), 1.71 (d, 6H, J = 6.8 Hz); 13 C{1H}- NMR (100 
MHz, CDCl3): δ = 173.21, 162.73, 155.53, 141.42, 136.15, 130.63, 129.86, 129.23, 128.42, 126.25, 125.51, 115.64, 114.03, 55.53, 
49.04, 19.55, 14.26; HRMS (ESI): (C26 H25 N3 O3); [ M + H] +: calcd: 428.1974, found: 428.1969. HPLC purity: 98.53 %. 

4.3. MTT assay 

The cells were plated in 96-well plates at a density of 2.0 × 104 in 200 μl of medium per well of 96 well plate. Cultures were 
incubated with different concentrations of test material and incubated for 48h. After the removal of old medium, 100 μL fresh medium 
provided for our test compound derivatives and standard drug at various concentrations like 0.05 μM, 0.1 μM, 0.5 μM, 1 μM, and 2 μM 
respectively. Now it was added to each well and allowed for incubation at 37 ◦C over 24 h’ time period. Now the medium was removed 
and restore with 10 μL MTT dye. Again, the platers were allowed for incubation at 37 ◦C over 2h time period. The outcoming formazan 
crystals were dissolved in 100 μL extracted buffer. Optical density (O.D) was recorded at 570 nm with Multi-mode Varioskan 
Instrument-Themo Scientific micro plate reader. In medium, % of DMSO not exceeded to 0.25 %. 

4.4. Molecular docking studies 

AutoDock 4.2.6 uses the Lamarckian Genetic Algorithm (LGA) as a search engine to automate docking investigations. The pdbqt 
files for the receptor and the ligand were prepared using the graphical interface of the auto-docking application ADT4. 2. The 2D 
structures (7a-j) of the target compounds were generated in ChemDraw and saved as pdb files. The ligand files were subjected to 
energy minimization (force field-uff) using the open babel tool and conformers (autodock pdbqt files) were then generated in auto dock 
tool. From the protein data bank (rcsb.com/pdb database), the x-ray crystal structure of EGFR TKD in association with co-crystal 
“Erlotinib” [55,56] was obtained (1M17). The co-crystal (Erlotinib) and the molecular waters were eliminated. The Ramachandran 
plot generated using Discovery Studio was used to examine the protein for any structural issues and to check for any missing amino 
acids residues. All hydrogens were added, non-polar hydrogens were merged, Kollman charges were added, and missing atoms were 
added and assigned the AD4 type. The three-dimensional energy scoring grids with a resolution of 0.375 Å and dimensions of 60 Å - 60 
Å - 60 Å were computed, and the xyz coordinates of co-crystal (Erlotinib) were extracted from Discovery studio (X = 20.676, Y = 9.289, 
and Z = 55.459) to generate a grid box around the region where the co-crystal ligand exhibits interactions with amino acid residues in 
target. Docking was done using the LGA default settings. 

4.5. Molecular dynamics simulations 

All MD simulations were carried out with AMBER 18.14 version packages [69]. The best docking pose of each protein-inhibitor 
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complex was utilized as input for MD simulations. The AMBER14SB force fields were generated for the entire system with Ante-
chamber using am1bcc method [70]. All input parameter files for MD simulations were generated after adding hydrogen atoms in 
tLEaP module in AMBER tools at pH 7.4 [71]. Chloride ions were added to the systems to neutralize the charge, each molecular system 
was solvated allowing 8 Å marginal distance between the protein and side of cubic box. The overall prmtop files were verified with par 
med and cpptraj to avoid any structural errors in the protein-inhibitor complex buried in the water sphere. The final ionic concen-
tration for the systems was set to 100 mM. The Amberff14sb-ILDN force field was used for the entire model system with TIP3P water 
model for AMBER molecular parameters [72]. All MD simulations were run at 300 K temperature and 1 atm pressure with Monte Carlo 
barostat [73]. Energy minimization was carried out by using the steepest descent method for 80 000 cycles to overcome short-range 
null contacts among the molecular system in the solvent [74]. Long-range electrostatic interactions were considered with the Particle 
Mesh Ewald algorithm [75] with a cut-off range 9 Å and order 4. All model systems were equilibrated for 7 ns before the production 
run, and the coordinates in the production run were saved every 10ps [76]. The MD simulations of each molecular system were carried 
out for 100 ns, accounting for a total of 300 ns of simulation time. 

The Molecular Mechanics–Generalized Born Surface Area (MM- GBSA) and Molecular Mechanics Poisson –Boltzmann Surface Area 
(MM- PBSA) calculations are carried out on 2k conformers from 10k frames of 100 ns MD simulations data in AMBER MMPBSA. py 
module. It is an efficient and user-accessible end-state free energy calculation algorithm which are inbuilt in AMBER18 tools. The end- 
state implicit solvents model free energy calculations are further divided into three categories Generalized- Born (GB) and Poisson- 
Boltzmann (PB), Reference Interaction Site Model (RI-SM). The overall end-state single ensemble free energies calculation is a rep-
resentation of each frame extracted from MD simulations data. In the current work, free energy calculations have been done with single 
trajectory protocol (STP) where 2k frames of comparable ensembles were taken from individual 100 ns MD simulations data of the 
bound and unbound states between receptor and inhibitor complexes [77]. 

4.6. Quantum chemical calculations 

The molecular structures of 7h-7j were sketched using ChemDraw 22.0 and hydrogen atoms were added. The 3D structures were 
quantum optimized using G09 quantum mechanical suite with hybrid DFT level of theory [CAM- B3LYP], basis set 6-311 + G*(d, p) 
overall complex charge zero and spin multiplicity assigned for G09 quantum mechanical calculations [78,79]. Molecular orbital 
analysis was performed at the B3LYP/6-311 + G(2d, p) level of theory, to evaluate the HOMO and LUMO for all the molecules obtained 
through MD simulations. The ground state optimized structures including fchk files were analyzed to generate the HOMO- LUMO and 
their total energies. This analysis was carried out to identify the zone that is electron-rich in the considered molecules. 

4.7. ADME analysis 

Absorption, distribution, metabolism, and excretion (ADME) analysis predict the druggability of a molecule by studying its 
adherence with the ‘Lipinski Five’ Rules [60]. The pharmacokinetic properties and drug-likeness of novel amidic derivatives of 
Quinazolinone (7a-j) were studied and compared with standard drug (Etoposide) using an online accessible web tool: ADMET lab 2.0 
and SwissADME program of the Molecular Modelling Group of the Swiss Institute of Bioinformatics [61–66] which are publicly 
available at https://admet mesh.scbdd.com and http://www. Swissadme.ch, respectively. The software computed various pharma-
cokinetic properties and descriptors: Physicochemical: Donor H-bond (nHD <7) and accepter H-bond (nHA <12), n-stereo center ≤2, 
aqueous solubility (Log S range 0.5 to − 4 mol/L) and octanol/water partitioning coefficient (Log P ≤ 5); Absorption: The human colon 
adenocarcinoma cell lines permeability (Caco-2 > − 5.15), human gastrointestinal absorption capability (HIA) range from 0 to 0.3; 
Distribution: Brain/blood barrier (BBB) permeability in range from 0 to 0.3 cm/s, and Topological polar surface (<140) and rule of five 
(Lipinski). 
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