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ABSTRACT

The present study is an effort to explore some low molecular weight chemical entities
quinazolinone incorporated naphthyl chalcones for their cytotoxic potential and, that can act smartly
by inhibiting the mutated molecular targets EGFR (T790M mutation; PDB Id: 5Y9T), and mutated
K-RAS(G12D mutation; PDB Id: 4EPT). The In-vitro cytotoxic studies were done by the MTT assay
method. For the lung cancer cell lines (A549), N1-N4 were found as more potent than the reference
erlotinib (IC,:44.4 pg/ml), and among them, the most potent compound is N3 (IC,:11.29 pg/ml). Against
the colorectal cancer cell lines (Caco2), the same compound N3 was found as most potent (IC,:10.79
pg/ml). Molecular docking by autodock-4 revealed that all the title compounds have high affinity for both
the molecular targets, as they have high negative binding energies. The inhibition constants obtained
in docking studies are in nanomoles, The title compounds can be used as a template for developing
more potent, selective and dual targeted drugs to treat lung cancer and colorectal cancer.

Keywords: Docking, Anticancer agents, Cytotoxicity, EGFR inhibitors,
K-RAS inhibitors, Chalcones, Quinazolinone.

INTRODUCTION followed by colorectal cancer'?. The analysis of the

literature revealed the quinazolinone/quinazoline

Cancer is one of the deadliest diseases scaffold's significant therapeutic potential. Drugs
worldwide, one of the most typical malignancies like Raltitrexed, which is used to treat cancer,
detected in both men and women is lung cancer, methaqualone, which has sedative properties,
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proquazone, which is an NSAID, and albaconazole,
which has antifungal properties, are all based on a
quinazolinone scaffold®*. Patel et al., had described a
series of 7-chloro-2-phenylquinazolinone derivatives
as promiscuous EGFR (T790M mutation) inhibitors®.

Chalcones are unsaturated ketones, and
are pharmacophoric scaffolds in many anticancer
chemicals, including both synthetic and natural
medicines (e.g. isoliquiritigenin, butein, etc.)®’.
Chalcones are Michael acceptors because of their
unsaturated carbonyl site, which enables them to
interact with a wide range of biological molecules
while also tolerating them. This enables the
chalcones to exhibit a variety of biological activities®.
The molecular hybridization approach has been one
of the most important advancements in the field of
medicinal chemistry and drug discovery. In the drug
design process known as molecular hybridization,
two different bioactive scaffolds are linked together
to form a new hybrid molecule®. The molecular
hybridization strategy has been proven to be a boon
for the design of novel anticancer compounds'®,
for example, 3-methylquinazolinone incorporated
chalcone hybrids'', 4-aminoquinazoline-chalcone
hybrids'2, quinoline-chalcone conjugates'®, chalcone-
benzimidazole hybrids', thiazole incorporated
chalcone hybrids'®, pyrazole-chalcone hybrids'®,
etc., all support using the chalcone structural motif
to find new anticancer drugs. EGFR overexpression
is a significant contributor in the poor prognosis
and low survival rate of lung and colorectal
cancer patients''®. The driving force behind the
development of EGFR -TKls has been the poor
prognosis and severe toxicities associated with
conventional chemotherapeutic treatments™®.

To treat NSCLC and mCRC, EGFR inhibitors
of the first, second, and third generations, are
currently used®. First-generation EGFR inhibitors
that are 4-aminoquinazoline derivatives, are
ineffective for treating NSCLC linked to the T790M
EGFR mutation>®. Afatinib and dacomitinib, which
are 4-aminoquinazoline derivatives and second-
generation EGFR inhibitors, proved to be effective
against EGFR with the T790M mutation in preclinical
models, but they failed in clinical trials because of
their dose-limiting toxicity?'2. In the EGFR signaling
pathways, RAS serves as a master element. One of
the main causes of EGFR-targeted therapy's failure is
caused by mutations in RAS, which render the RAS
protein consistently active and insensitive to upstream
signals triggered by EGFR. Of these genomic
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alterations, KRAS mutation is the most prevalent,
occurring in 40% of MCRC?. Gly12, Gly13, and GIn61
are the three locations in KRAS where mutations are
most frequently seen. The most frequent mutation
type is G12D and is one of the most significant targets
for drug discovery as a result?**. Abnormal K-RAS
signaling is involved in 30% of all cases of human
cancer®. K-RAS inhibition is therefore a promiscuous
approach for many malignancies.

The current study concentrates on
the synthesis and in vitro cytotoxicity testing of
quinazolinone-chalcone hybrid ligands on normal
cell lines (Vero), colorectal cancer cell lines (Caco,),
and lung cancer cell lines (A549). The current
research also focuses on the molecular docking of
the ligands to evaluate their ability to inhibit EGFR
(T790M mutation) and K-RAS (G12D mutation). As
a result, the current work's objective is to search
for cytotoxic chemical entities with multi-targeted
virtue that can inhibit both, mutated EGFR as well as
mutated K-RAS and can exhibit selective cytotoxicity.

MATERIALS AND METHODS

All the chemical reagents/solvents used
were of synthetic/commercial grade. Monitoring of
chemical reactions and determination of Rf values
were done by TLC technique. Purification of the
synthesized compounds was done by washing
and recrystallization using appropriate solvents.
The open capillary method was used to determine
the melting point of the synthesized compounds.
The structural characterization of the compounds
was done by infrared FTIR-spectroscopy (Alpha-E
BRUKER spectrometer), 'H-NMR ((400MHz by ECS
Zeol spectrometer), and ®C-NMR spectroscopy
(500MHz/400MHz by ECS Zeol spectrometer),
and the molecular weight of all the synthesized
compounds were confirmed by mass spectroscopy
(Xevo G2-S Q Tof- Waters, USA; ESI+). In In-vitro
cytotoxic studies, absorbance readings were taken
using a microplate reader (Bio-Rad 550).

MarvinSketch version 18.23 (Chemaxon
Ltd; http://www.Chemaxon.com) was used to create
the ligand structures and their energy minimization.
The target proteins were Kirsten rat sarcoma
(K-RAS) with the G12D mutation (PDB ID: 4EPT) and
the endothelial growth factor receptor (EGFR) with
the T790M mutation of (PDB ID: 5Y9T), both of which
were retrieved from the Protein Data Bank (https://
www.rcsb.org). Molecular docking investigations
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were conducted using AutoDock 4.0 MGL tools
(The Scripps Research Institute, Molecular Graphics
Laboratory, 10550 North Torrey Pines Road, CA,
92037). All docking experiments were conducted
using an Intel (R) core i5 CPU running at 1.7 GHz,
3.8 GB of RAM, and the Microsoft Windows 10
operating system. The ligand-target interactions
were observed using the discovery studio visualizer
2017 R2 of Dassault Systéemes BIOVIA. To calculate
the RMSD value, UCSF Chimera (https://www.cgl.
ucsf.edu/chimera) was used.

Chemical synthesis of 2-phenyl-4H-3,
1-benzoxazin-4-one (B1),2-(4-methoxyphenyl)-
4H-3,1-benzoxazin-4-one (B2),2-(4-chlorophenyl)-
4H-3,1-benzoxazin-4-one (B3) and 2-(2-furyl)-4H-
3,1-benzoxazin-4-one (B4)

The reaction was performed out as outlined
in Scheme.1 (Fig.1.), dry pyridine (30 mL) was
used to dissolve anthranilic acid (0.01 mol), and the
resultant solution was then chilled by employing an
ice bath for 2025 minutes. Dropwise addition of
aroylchloride (0.021 mol) to the ice-cold solution
was carried out to keep the reaction mixture's
temperature below 10°C. In an ice bath, the reaction
mixture was stirred for 15 min, followed by stirring
at room temperature for 30 min to 1 h, and then
kept aside at room temperature for 15 to 40 min
with intermittent shaking. The reaction mixture was
poured into 200 mL of ice-cold water, and 10%
sodium bicarbonate solution was added until the
effervescence subsided. By filtration, the resulting
solid precipitate was separated and repeatedly
washed using ice-cold water until the filtrate became
neutral to pH paper. The solid product obtained was
dried and recrystallized using ethanol?627,

Chemical synthesis of 3-(4-acetylphenyl)-
2-phenylquinazolin-4(3H)-one (Q1), and
3-(4-acetylphenyl)-2-(2-furyl)quinazolin-4 (3H)-
one (Q4)

The fusion reactions between 4-amino-
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acetophenone (0.01 mol) and B1 (0.01 mol)/B4
(0.01 mol) were conducted?® as outlined in Scheme.1
(Fig. 1). Glacial acetic acid was used to triturate the
fused mass, and the resulting suspension was added
into cold water (about 200 mL). The solid obtained,
was separated by filtration and repeatedly washed
with water to get the filirate neutral to pH paper,
followed by methanol washing. The product thus
obtained was dried and purified by recrystallization
twice with methanol.

Chemical synthesis of 3-(4-acetylphenyl)-2-(4-
methoxyphenyl)quinazolin-4(3H)-one(Q2) and
3-(4-acetylphenyl)-2-(4-chlorophenyl)quinazolin-
4(3H)-one (Q3)

4-Aminoacetophenone (0.01 mol) and B2
(0.01 mol)/ B3 (0.01 mol) were refluxed in glacial acetic
acid® as outlined in Scheme.1 (Fig. 1). The reaction
mixture was added to crushed ice, the solid obtained,
was separated by filiration and repeatedly washed with
water to get neutral pH filtrate, followed by methanol
washing. The product thus obtained was dried and
purified by recrystallization twice with methanol.

Chemical synthesis of 2-aryl-3-(4-((E)-3-
(naphthalene-1-yl)acryloyl)phenyl)- quinazolin-
4(3H)-one compounds (N1-N4):

The reactions were carried out as outlined
in Scheme.1 (Fig.1). Approximately 6 mL of ethanol
and 3 mL of 10% NaOH (Aq.) were added to the
2-aryl-3-(4-acetylphenyl)-quinazolin-4(3H)-one
compound (0.004 mol), and the resulting reaction
mixture was stirred at room temperature for
10 minutes. 1-Naphthaldehyde was then added
dropwise to the reaction mixture (0.004 mol)2%°, Until
the reaction was completed, the reaction mixture
was stirred. The reaction mixture was added to
ice-cold water, and the solid precipitate obtained was
separated by filtration, and repeatedly washed with
water to get neutral pH filtrate. The dried product was
recrystallized with acetic acid.
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Scheme 1 (Fig. 1). Synthesis of 2-aryl-4H-3,1-benzoxazin-4-one intermediates (B1-B4), 3-(4-acetylphenyl)-2-arylquinazolin-4(3H)-
one intermediates (Q1-Q4) and 2-aryl-3-(4-((E)-3-(naphthalene-1-yl)acryloyl)phenyl)- quinazolin-4(3H)-one compounds (N1-N4)
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In-vitro cytotoxic studies

In vitro cytotoxic studies were done by the
MTT assay method®. The cell lines were obtained
from NCCS, (The National Centre for Cell Science,
Pune (India). The cell culture (A549, Caco,, and
Vero cell lines) was centrifuged and using a DMEM
medium containing 10% fetal bovine serum, the
cell suspension was prepared (1.0x10° cells/mL).
100 pL of the diluted cell suspension was added to
each well. After 24 h on attaining the adequate cell
population, the centrifugation was done, and the
100 L of different test sample concentrations that had
been made in the maintenance medium were added.
At 37°C for 48 h, the plates were incubated in a 5%
CO, environment. and observations were recorded
every 24 hours. 20 pL of MTT solution (concentration:
2 mg/mL) in MEM-PR (MEM without phenol red)
was added after 48 hours. The plates were gently
shaken before being incubated at 37°C for two h in
a 5% CO, environment. The 100 pL of DMSO was
added, and the plates were gently shaken to dissolve
the formazan that had formed. Using a microplate
reader, the absorbance measurement was made at
a wavelength of 540 nm (Bio-Rad 550).

Docking studies
Preparation of target proteins

The procedure is comprised of several
steps®%2, First, the crystal structures of the
naquotinib complexed mutated EGFR (T790M
mutation; PDB Id: 5Y9T), mutated human K-RAS
(G12D mutation; Pdb Id: 4EPT) complexed with
2-hydroxyphenyl pyrrolidin-1-yl and GDP, in.pdb file
type, were downloaded from protein data bank. The
complexed ligand-protein crystal structures were
opened in discovery Studio Visualizer to separate the
co-crystallized ligands and water molecules. Using
the Auto Dock 4.0 MGL tools, the revised 3D crystal
structures of the target proteins were prepared for
docking experiments by adding the polar hydrogen
atoms, the merging of non-polar hydrogens, and the
inclusion of Kollman charges, and were then saved
in the.pdbqt file format.

Ligand preparation

The 2D structures were drawn using
MarvinSketch, and subsequently converted to
3D structures. Explicit hydrogens were added to
each ligand, the geometry of the ligands was then
cleaned, and the ligands' energy was minimized
in an MMFF94 force field using Marvin Sketch's
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gradient optimization function. The ligands' 3D
structures were stored as .pdb files. The autodock
tools program was used to open the ligand structure
(.pdb file format). After giving all of the ligand's atoms
the AD4 type, merging non-polar hydrogen atoms,
adding polar hydrogen atoms, and inclusion of
gasteiger charges, every ligand structure was stored
in the .pdbqt file format, for docking experiments®3,

Docking run
For target 5Y9T

For autogrid computing and docking
investigations, respectively, Autogrid-4 and Autodock-4
programs of MGL tools were employed®.To create
the grid parameter file (.gpf format) for each ligand,
a 3D grid box was put in the centre of the target
macromolecule, and 90 grid points were selected
along its x, y, and z axis with a grid spacing of 0.375
A°. For each ligand, a grid log file (.glg file format)
was created using Autogrid-4 of the MGL tools from
its respective grid parameter file (.gpf format). In the
preparation of the docking parameter file (.dpf file
format), a genetic algorithm technique was employed,
docking experiment was set for 100 independent runs
such that each run contained an initial population of
150 conformations. For picking the worst individual, the
number of generations was set to 10, and an elitism
value of 1 was set for cluster analysis. Autodock4.0
was run to start docking with the .dpf file format of the
ligand that generated a docking log file (.dlg file format)
of the ligand under study.

For target 4EPT

All the process adopted was the same as
aforementioned for 5Y9T, but for this target 100 grid
points were selected.

Docking data, observation of docked conformation
and interactions with macromolecule

Ligand’s free energy of binding (BE) and
inhibition constant (KI) were obtained from their
respective .dlg files. The complex between the
ligand’s best fit conformer and its respective target
was saved in .pdb file format. To visualize the ligand's
binding pose and its interactions with the amino acid
residues of the target macromolecule, the .pdb file
of the complex was opened and viewed in Discovery
Studio Visualizer.

RESULTS AND DISCUSSION

Chemical synthesis
Compound B1: Molecularformula:C,,H,NO,;
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Molecular weight: 223.22676; White solid; Melting point:
120-122°C; Rf (30% ethylacetate+70% hexane):
0.674; Reaction time: 1 hour 10 min; Yield: 73.58%.
Mass Spectra (ESI+): Calculated for [C,,H,NO,+H"]:
224.22676, found 224.2261; IR-ATR (v, cm™): 1759.21
(lactone C=0 str), 1568(C=N str); 'H-NMR (400 MHz,
CDCl,) & ppm: 8.31-7.5 (m, 9H, Ar-H); *C-NMR (400
MHz CDCI,) 5 ppm: 159.66 (1C, C=0 of benzoxazin-
4-one), 157.12 (1C, N=C-O of benzoxazin-4-one),
147.06 (1C, Aromatic), 136.65 (1C, Aromatic),
132.71 (1C, Aromatic), 130.31 (1C, Aromatic),
128.83 (2C, Aromatic), 128.68 (1C, Aromatic), 128.4
(2C, Aromatic), 128.35 (1C, Aromatic), 127.32 (1C,
Aromatic), 117.1 (1C, Aromatic)

Compound B2: Molecular formula:
C,,H,,NO,; Molecular weight: 253.25274;
White solid; Melting point: 142-145°C; Rf (30%
ethylacetate+70% hexane): 0.628; Reaction time:
1 h 55 min; Yield: 67.1%. MS(ESI+): Calculated
for [C,;H,,NO,+H+]: 254.25274, found 254.2527;
IR-ATR (v, cm™): 1753.48 (lactone C=0 str), 1593.25
(C=N str); '"H-NMR (400 MHz, CDCl,) 5 ppm:
8.24-6.95(m,8H,Ar-H), 3.86 (s,3H, CH, of methoxy);
3C-NMR (500MHz, DMSO-d6) & ppm: 163.38
(1C,Aromatic), 159.51 (1C, C=0 of benzoxazin-4-
one), 156.89 (1C, N=C-O of benzoxazin-4-one),
147.08 (1C, Aromatic), 137.34 (1C, Aromatic),
130.32 (2C, Aromatic), 128.57 (1C, Aromatic),
128.53 (1C, Aromatic), 127.12 (1C, Aromatic),
122.58 (1C, Aromatic), 117.05 (1C, Aromatic),
114.96 (2C, Aromatic), 56.06 (1C, CH, of methoxy).

Compound B3: Molecular formula:
C,,H,CINO,; Molecular weight: 257.67182;
White solid; Melting point: 183-185°C; Rf (30%
ethylacetate+70% hexane): 0.744; Reaction time:
1 h; Yield: 75.03%. MS(ESI+): Calculated for
[C,,H,CINO,+H+]: 258.67182, found 258.6718;
IR-ATR (v, cm™): 1766.43 (lactone C=0 str),
1620.60 (C=N str); 'H-NMR (400 MHz,CDCl,) & ppm:
8.23-7.22(m,8H,Ar-H); *C-NMR(500MHz CDCI,)
8 ppm: 159.3(1C, C=0 of benzoxazin-4-one),
156.24 (1C, N=C-O of benzoxazin-4-one), 146.8
(1C, Aromatic), 139.08 (1C, Aromatic), 136.69

(1C, Aromatic), 129.62 (2C, Aromatic), 129.13
(2C, Aromatic), 129.01 (1C, Aromatic), 128.74
(1C, Aromatic), 128.69 (1C, Aromatic), 127.26
(1C, Aromatic), 116.97 (1C, Aromatic).
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Compound B4: Molecular formula:
C,,H,NO_; Molecular weight:213.18888; White solid;
Melting point: 102-105°C; Rf (30% ethylacetate+70%
hexane): 0.593; Reaction time: 1h 5 min; Yield:
65.6%. MS(ESI+):Calculated for [C,,H NO_+H"]:
214.18888, found 214.1889; IR-ATR (v, cm™):
1750.99 (lactone C=0 str), 1638.48 (C=N str); H
NMR (400 MHz, CDCL,) 6 ppm: 8.19-6.58 (m,7H,
Ar-H and Furan-H); *CNMR (500MHz,DMSO-d6):
163.32 (1C, N=C-O of benzoxazin-4-one),158.76
(1C, C=0 of benzoxazin-4-one), 148.38 (1C,
Aromatic), 146.74 (1C, Aromatic), 144.56 (1C,
Aromatic), 137.4 (1C, Aromatic), 128.86 (1C,
Aromatic), 128.66(1C, Aromatic), 127.13 (1C,
Aromatic), 117.52 (1C, Aromatic), 117.44 (1C,

Aromatic), 113.46 (1C, Aromatic).

Compound Q1: Molecular formula:
C,,H,;N,O,; Molecular weight: 340.37464; Light
yellow solid; Melting point: 165-168°C; Rf (30%
ethylacetate+70% hexane): 0.354; Yield: 51.57%.
MS(ESI+): Calculated for [C,,H N,O +H"]:
341.37464, found 341.3746; IR-ATR (v, cm™):
1679.45 & 1649.75 (C=0Os str), 1586.59 (C=N str);
'H-NMR (400 MHz, DMSO-d6) & ppm: 8.28 (d,
1H, Ar-H), 7.91-7.22 (m,12H, Ar-H), 2.47 (s, 3H,
CH,); *CNMR (500MHz,DMS0-d6)s ppm: 197.16
(1C, C=0 of acetyl), 168.10 (1C, N=C-N of quinazolin-
4-one ring), 165.27 (1C, C=0 of quinazolin-4-one
ring), 143.61 (1C, Aromatic), 138.73 (1C, Aromatic),
134.92 (1C, Aromatic), 132.80 (1C, Aromatic), 132.51
(1C, Aromatic), 129.73 (2C, Aromatic), 129.6 (1C,
Aromatic), 129.61(2C, Aromatic), 129.3 (2C, Aromatic),
127.60 (1C, Aromatic), 127.49 (1C, Aromatic), 124.04
(1C, Aromatic), 122.39 (1C, Aromatic), 120.47 (2C,
Aromatic), 26.97 (1C, CH, of acetyl).

Compound Q4: Molecular formula
C,,H,,N,O,; Molecular weight: 330.33676; Brown solid;
Melting point: 180-182°C; Rf (30% ethylacetate+70%
hexane): 0 316;Yield: 53.03%. MS(ESI+): Calculated
for [C,,H,,N,O,+H*]: 330.33676, found 331.3368; IR-
ATR (v, cmr ). 1672.70 & 1651.30 (C=Os str), 1582.70
(C=N str); '"H-NMR (400 MHz, DMSO-d6) & ppm:
8.36 (d, 1H, Ar-H), 7.93-6.65 (m, 10H, Ar-H &
Furan-H), 2.59 (s, 3H, CH,); ®*C-NMR (400MHz,
DMSO-d6) & ppm: 197.18 (1C, C=0 of acetyl), 168.08
(1C, N=C-N of quinazolin-4-one ring), 164.24 (1C,
C=0 of quinazolin-4-one ring), 147.83 (1C, Aromatic),
146.64 (1C, Aromatic), 143.5 (1C, Aromatic), 138.45
(1C, Aromatic), 133.03 (1C, Aromatic), 132.89
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1C, Aromatic), 129.76 (2C, Aromatic), 129.69
1C, Aromatic), 126.97 (1C, Aromatic), 123.85
1C, Aromatic), 121.74 (1C, Aromatic), 120.58
2C, Aromatic), 115.94 (1C, Aromatic), 113.14 (1C,
Aromatic), 27.02 (1C,CH, of acetyl).

Py

Compound Q2: Molecular formula:
C,,H,eN,O,; Molecular weight: 370.40062; White solid;
Melting point: 185-190°C; Rf (30% ethylacetate+70%
hexane): 0.266; Yield: 52.9%; MS(ESI+): Calculated
for [C,,H,N,O3+H"]: 371.40062, found 371.4007;
IR-ATR (v, cm™): 1672.64 & 1643.96 (C=Os str),
1580.83 (C=N str); '"H NMR (400 MHz, DMSO-d6)
8 ppm: 8.31 (d,1H, Ar-H), 7.97-7.05 (m, 11H, Ar-
H), 3.78 (s, 3H, CH, of methoxy), 2.48 (s, 3H, CH,
of acetyl); ®*CNMR (400MHz,DMSO-d6) & ppm:
197.15 (1C, C=0 of acetyl), 168.24 (1C, N=C-N
of quinazolin-4-one ring), 164.68 (1C, C=0 of
quinazolin-4-one ring), 162.8 (1C, Aromatic), 143.6
(1C, Aromatic), 139.12 (1C, Aromatic), 134.83
(1C, Aromatic) 132.81 (1C, Aromatic), 129.74 (1C,
Aromatic), 129.52 (2C, Aromatic), 129.45 (2C,
Aromatic), 127.06 (1C, Aromatic), 123.67 (1C,
Aromatic), 123.12 (1C, Aromatic), 120.5 (2C, Aromatic),
120.2 (1C, Aromatic), 114.73 (2C, Aromatic), 56 (1C,
CH, of methoxy), 27 (1C, CH, of acetyl).

Compound Q3: Molecular formula
C,,H,.CIN,O,; Molecular weight: 374.8197;
White solid; Melting point:190-192°C; Rf ( 30%
ethylacetate+70% hexane): 0.380; Yield: 54.6%;
MS(ESI+): Calculated for [C,,H, ,CIN,O,+H*]:
375.8197, found 375.8196; IR-ATR (v, cm™):
1665.24 (C=0s str), 1586.56 (C=N); 'H NMR (400
MHz, DMSO-d6) & ppm: 8.56 (d,1H,Ar-H), 7.88-
7.11 (m,11H, Ar-H), 2.41 (s,3H, CH,); *CNMR
(400MHz, DMSO-d6) 6 ppm: 197.12 (1C, C=0 of
acetyl), 167.94 (1C, N=C-N of quinazolin-4-one
ring), 164.34 (1C, C=0 of quinazolin-4-one ring),
143.69 (1C, Aromatic), 138.33 (1C, Aromatic),
137.52 (1C, Aromatic),133.78 (1C, Aromatic),
132.74 (1C, Aromatic), 130.27 (1C, Aromatic),
129.74(2C, Aromatic), 129.59 (2C, Aromatic),
129.43 (2C, Aromatic) 129.4 (2C, Aromatic), 127.41
(1C, Aromatic), 123.67 (1C, Aromatic), 120.51
(2C, Aromatic), 26.99 (1C, CH, of acetyl).

Compound N1: Molecular formula
C,,H,,N,O,; Molecular weight: 478.53998; Yellow
solid; Melting point: 220-222°C; Reaction time: 3 h

;Rf(30% ethylacetate+70% hexane): 0.500; Yield:
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61.12%. MS(ESI+): Calculated for [C,,H,,N,O+H"I:
479.53998, found 479.5390; IR-ATR (v, cm™): 1644.49
(C=0s str), 1593.77 (C=N str); 'H-NMR (400 MHz,
CDCI,) 5 ppm:8.69 (d, 1H, ethylenic), 8.53 (d, 1H, Ar-
H), 8.26 (d, 1H, Ar-H), 8.17 (d, 2H, Ar-H), 8.00 (d, 2H,
Ar-H), 7.95 (d, 2H, Ar-H), 7.86(d, 1H, Ar-H), 7.90(d,
1H, Ar-H), 7.65 (d, 1H, ethylenic), 7.61-7.49(m, 8H,
Ar-H), 7.34 (1, 1H, Ar-H), 6.91 (i, 1H, Ar-H); '*C-NMR
(400MHz,CDCI,)3 ppm: 188.54 (1C, C=0 of chalcone
structural motif), 168.39 (1C, N-C=N of quinazolinone
ring), 165.29 (1C, C=0 of quinazolinone ring), 142.97
(1C, Aromatic), 140.9 (1C, C=C site of chalcone
structural motif), 139.78 (1C, Aromatic), 134.54
(1C, Aromatic), 133.57 (1C, Aromatic), 132.78
(1C, Aromatic), 132.13 (1C, Aromatic), 131.87
(1C, Aromatic), 131.55 (1C, Aromatic), 130.66
(1C, Aromatic), 129.58 (2C, Aromatic), 129.59 (2C,
Aromatic), 128.8 (1C, Aromatic), 128.7 (3C, Aromatic),
127.17 (2C, Aromatic), 126.89 (1C, Aromatic), 126.22
(1C, Aromatic), 125.45 (1C, Aromatic), 125.03 (1C,
Aromatic), 124.33 (1C, Aromatic), 123.25 (1C,
Aromatic), 122.61 (1C, Aromatic), 121.3 (1C, C=C site
of chalcone structural motif),120.45(2C, Ar).

Compound N2: Molecular formula:
C,,H,,N,O,; Molecular weight: 508.56596; Yellow
solid; Melting point: 225-228°C; Reaction time: 3 h;
Rf (30% ethylacetate+70% hexane): 0.450; Yield:
46%. MS(ESI+): Calculated for [C_H,,N,O+H"]:
509.56596, found 509.5650; IR-ATR (v, cm™):
1646.97 (C=Os str), 1569.27 (C=N str ); 'H NMR
(400 MHz, CDCl,) 5 ppm: 8.69 (d, 1H, ethylenic),
8.36 (d, 1H, Ar-H), 8.26 (d, 1H, Ar-H), 8.17 (d, 2H,
Ar-H), 8.02 (d, 2H, Ar-H), 7.96 (d, 2H, Ar-H), 7.92 (d,
1H, Ar-H), 7.88 (d, 1H, Ar-H), 7.67 (d, 1H, ethylenic),
7.58 (t, 1H, Ar-H), 7.55-7.47 (m, 4H, Ar-H), 7.19
(t, 1H, Ar-H), 7.15 (d, 2H, Ar-H), 6.75 (t, 1H, Ar-
H), 3.88 (s, 3H, OCH,); '*C-NMR(400MHz,CDCI,)
8 ppm: 188.93 (1C, C=0 of chalcone structural
motif), 167.88 (1C, N=C-N of quinazolinone ring),
165.88 (1C, C=0 of quinazolinone ring), 162.92 (1C,
Aromatic), 142.52 (1C, Aromatic), 141.63 (1C, C=C
of chalcone structural motif), 139.04 (1C, Aromatic),
134.16 (1C, Aromatic), 133.8 (1C, Aromatic), 132.37
(1C, Aromatic), 131.84 (1C, Aromatic), 131.51
(1C,Aromatic) 130.88 (1C, Aromatic), 130.18 (2C,
Aromatic), 129.41 (2C, Aromatic), 129.4 (1C,
Aromatic), 128.84 (1C, Aromatic), 127.08 (1C,
Aromatic), 126.57 (1C, Aromatic), 126.4 (1C,
Aromatic), 125.53 (1C, Aromatic), 125.16 (1C,
Aromatic), 124.47 (1C, Aromatic), 123.6 (1C,
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Aromatic), 122.97 (1C, Aromatic), 122.07 (1C,
Aromatic), 121.72 (1C, C=C of chalcone structural
motif), 119.92 (2C, Aromatic), 114.23 (2C, Aromatic),
55.58 (1C, methyl of -OCH,)

Compound N3: Molecular formula:
C,H,,CIN,O,; Molecular weight: 512.98504; Light
yellow solid; Melting point: 227-229°C; Reaction
time: 3 h; Rf (30% ethylacetate+70% hexane):
0.600; Yield: 52.2%. MS(ESI+): Calculated for
[C,H,,CIN,O,+H*]: 513.98504, found 513.9857;
IR-ATR (v, cm™): 1650.47 (C=Os str), 1583.77 (C=N
str); '"H-NMR (400 MHz, CDCl,) 5 ppm: 8.66(d, 1H,
ethylenic), 8.56 (d, 1H, Ar-H), 8.23 (d, 1H, Ar-H),
8.14 (d, 2H, Ar-H), 7.92 ( d, 2H, Ar-H), 7.88 (d, 2H,
Ar-H), 7.86 (d, 1H, Ar-H), 7.8 (d, 1H, Ar-H), 7.62
(d, 1H, ethylenic), 7.58-7.50 (m, 5H, Ar-H), 7.47
(d, 2H, Ar-H), 7.38 (t, 1H, Ar-H), 6.97 (t, 1H, Ar-
H). ®*C-NMR(400MHz, DMSO-d6) & ppm: 188.06
(1C, C=0 of chalcone structural motif), 168 (1C,
N=C-N of quinazolinone ring), 164.34 (1C, C=0 of
quinazolinone ring), 143.93 (1C, Aromatic), 141.68
(1C, C=C of chalcone structural motif), 138.37
(1C, Aromatic), 137.29 (1C, Aromatic), 133.86
(1C, Aromatic), 133.74 (1C, Aromatic), 132.69
(1C, Aromatic), 131.51 (1C,Aromatic), 131.89
(1C, Aromatic), 130.74 (1C,Aromatic), 130.26
(2C, Aromatic), 130.18 (1C,Aromatic), 129.61
(8C, Aromatic), 129.39 (2C, Aromatic), 129.29
(1C, Aromatic), 127.75 (1C, Aromatic), 126.81
(1C, Aromatic), 126.2 (1C, Aromatic), 125.15 (1C,
Aromatic), 124.97 (1C, Aromatic), 124.33 (1C,
Aromatic), 123.49 (1C, Aromatic), 122.82 (1C, C=C
of chalcone structural motif), 120.56 (2C, Aromatic),
120.39 (1C, Aromatic).

- - =

Compound N4: Molecular formula:
C,,H,N,O,; Molecular weight: 468.5021; Yellow
solid; Melting point: 218-220°C; Reaction time: 3 h;
Rf ( 30% ethylacetate+70% hexane): 0.475; Yield:
50.1%. MS(ESI+): Calculated for [C,,H, N,O +H"I:
469.5021, found 469.5020; IR-ATR (v,cm):
1648.01 (C=Os str ), 1581.49 (C=N str); '"H-NMR
(CDCI, 400MHz) 5 ppm: 8.68 (d, 1H, ethylenic),
8.48 (d, 1H, Ar-H), 8.25 (d, 1H, Ar-H), 8.14 (d,
2H, Ar-H), 7.91 (d, 2H, Ar-H), 7.88 (d, 1H, Ar-H),
7.75 (d, 1H, Ar-H), 7.64 (d, 1H, ethylenic), 7.6-7.5
(m, 6H, Ar-H, Furan-H), 7.35 (1, 1H, Ar-H), 7.24
(d, 1H, Furan-H), 6.93 (t, 1H, Ar-H), 6.54 (dd, 1H,
Furan-H); *C-NMR (400MHz, CDCI,) & ppm: 188.92
(1C, C=0 of chalcone structural motif), 167.46 (1C,
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N=C-N of quinazolinone ring), 164.44 (1C, C=0 of
quinazolinone ring), 147.87 (1C, Aromatic), 145.36
(1C, Aromatic), 142.1 (1C, Aromatic), 141.74 (1C,
C=C of chalcone structural motif), 138.67 (1C,
Aromatic), 133.8 (1C, Aromatic), 132.91 (1C,
Aromatic), 132.47 (1C, Aromatic), 131.84 (1C,
Aromatic), 131.53 (1C, Aromatic), 130.92 (1C,
Aromatic), 130.18 (2C, Aromatic), 128.85 (1C,
Aromatic), 127.36 (1C, Aromatic), 127.09 (1C,
Aromatic), 126.41 (1C, Aromatic), 125.53 (1C,
Aromatic), 125.18 (1C, Aromatic), 124.41 (1C,
Aromatic), 123.58 (1C, Aromatic), 123.34 (1C,
Aromatic), 122.13 (1C, C=C of chalcone structural
moitif), 121.62 (1C, Aromatic), 120.01 (2C, Aromatic),
115.71 (1C, Aromatic), 112.42 (1C, Aromatic).

Cytotoxic studies

The In-vitro cytotoxic potential (by MTT
method) of the title compounds is summarized in
Table 1.

Table 1: Cytotoxicity (IC,, ug/ml) of the
compounds(N1-N4)

Compound Name of the cell line (IC,, values ug/ml)
A549 Caco2 Vero
N1 12.38 22.69 15.02
N2 15.50 15.95 76.62
N3 11.29 10.79 18.72
N4 19.87 15.81 28.86
Erlotinib 44.41 16.13 25.78

In-vitro cytotoxicity for the A549 cell lines

The In-vitro investigations showed that all
of the title compounds (N1-N4) are more cytotoxic
than the reference erlotinib (IC,: 44.41 pg/ml), with
values ranging from 11.29 to 19.87 (ug/ml). The most
potent cytotoxic compound against lung cancer cell
lines A549 is N3 (IC_: 11.29 ug/ml), followed by N1
(ICy,: 12.38 ug/mi).

In-vitro cytotoxicity for the Caco2 cell lines

The In-vitro investigations showed that,
except for N1 (IC_: 22.69 pg/ml), the other title
compounds (N2-N4) are more cytotoxic than the
reference erlotinib (IC,: 16.13 ug/ml), with IC_,
(ug/ml) values ranging from 10.79 to 15.95. The
cytotoxicity of compounds N2 (IC,: 15.95 ug/ml)
and N4 (IC_: 15.81 ug/ml) is very similar to that of
the reference drug erlotinib.

In-vitro cytotoxicity for the normal cell lines
(Vero)
The In-vitro investigations showed that
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the compounds N2 and N4 are less toxic to normal
cells than the reference erlotinib (IC,:25.78 pg/ml),
with IC,, values of 76.62 pg/ml and 28.86 ug/ml,
respectively. The compound N2, which is least toxic
to normal cells, has a high selectivity for lung and
colorectal cancer cells.

Molecular docking studies
Docking Analysis (with 5Y9T)

Every docked ligand binded to the 5Y9T
target's reported active site4, as shown in Fig.2 and
Fig. 3, ensuring the good affinity of the ligands under
study and, the accuracy of the docking experiments.
Docking analysis as summarized in Table 2, revealed
that all the ligands have good affinity for the active
site of the target protein (5Y9T) as they have high
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negative binding energies (ranging from -45.27
to -43.14 KJ/mol), and the inhibition constant in
nanomoles (ranging from 11.63 to 34.69 nmol).

Fig. 3. Docked ligands at the active site of 5Y9T (a) N1 (b) N2 (c) N3 (d) N4

Table 2: Docking analysis (with 5Y9T)

Target protein 5Y9T

Compound Binding Inhibition No of H-bond interaction residues Other Interaction residues No of
Energy Constant H-bonds  (Bond distance in A°) (Polar and non polar) interacting
(B.E.) (Ki) (nM) residues
(KJ/mol)
N1 -44.18  18.33 1 MET793 (2.38) LEU792,LYS728,PRO794, 8
LEU718,VAL726,LEU844,ASP855
N2 -43.14 34.69 1 MET793 (2.29) LEU792,LYS728,PRO794,LEU718, 12
ALA743,LEU844,VAL726,PHE723,ASP855
N3 -43.26  26.32 1 MET793(2.12) PHE723,ALA743, MET790,ASP855,LYS745, 11
LYS728,LEU718,PRO794,LEU844,LEU792,VAL726
N4 -45.27 11.63 2 MET793(1.93), ALA743,LEU844,ALA722,VAL726,LYS728,PRO794, 1

LYS 745(1.94)

LEU718,LEU792,MET790

Interaction of N1 with 5Y9T

As shown in Fig. 4, the a—f unsaturated
carbonyl group’s oxygen atom in the N1 compound is
involved in H-bonding with MET793 residue, phenyl
substituent at 2" position of quinazolinone scaffold
is in 11 -anion polar interaction with ASP855 residue,
naphthalene ring system is the site for 11-lone pair
and 11-sigma interactions with PRO794 and LEU718,

respectively. All aromatic sites of the compound are
involved in II-alkyl interactions and, the amino acid
residues involved are LEU792, LYS728, PRO794,
LEU718, VAL726, and LEU844.

Interaction of N2 with 5Y9T
As shown in Fig.5, the o—fB unsaturated
carbonyl group’s oxygen atom in the N2 compound
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is involved in H-bonding with MET793 residue, the
phenyl ring at the 2" position of quinazolinone scaffold
is the site for 11-anion polar interaction with ASP855
residue, naphthalene ring system makes 11-lone pair
and 11-sigma interactions with PRO794 and LEU718,
respectively. Benzene ring of quinazolinone makes
n—n interaction with PHE723.The naphthalene ring
system, phenyl ring at the 3 position of quinazolinone
scaffold, and methyl of methoxy substituent involved in
11-alkyl interactions and, amino acid residues involved
are LEU792, LYS728, PRO794, LEU718, ALA743,
LEU844, and VAL726.
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Interaction of N3 with 5Y9T

As shown in Fig. 6, in the N3 compound,
the o—p unsaturated carbonyl group’s oxygen atom
is involved in H-bonding with MET793 residue,
the 4-chlorophenyl substituent at the 2nd position
of quinazolinone is the site for 11-cation and
I1-anion interactions with LYS745 and ASP855,
respectively. The naphthalene ring system makes
11-lone pair interaction with PRO794 and 11-sigma
interaction with LEU718 and LYS728. Benzene
ring of quinazolinone makes n—n interaction with
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PHE723. The aromatic rings of the molecule are
involved in 11-alkyl interactions and the residues
involved are LEU792, LYS728, PRO794, LEU718,
ALA743, LEU844, and VAL726.
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Interaction of N4 with 5Y9T

As shown in Fig. 7, In the N4 compound,
the oxygen atom of the a—f unsaturated carbonyl
group forms H-bond with MET793, while the
furan ring oxygen forms a hydrogen bond with
LYS745.The furan ring is also involved in 11-anion
interaction with ASP855. The phenyl ring at the 3rd
position of quinazolinone is involved in T11-sulphur
interaction with MET790. The naphthalene ring
system makes r11-lone pair interaction with PRO794
and 11-sigma interaction with LEU718. Benzene
ring of quinazolinone makes n—n interaction with
PHE723. All the aromatic ring systems except
furan are involved in 11-alkyl interactions and the
residues involved are LEU844, LEU792, ALA743,
LEU718, and VAL726.
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Fig. 7. Interaction of the compound N4 with 5Y9T
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Docking analysis (with 4EPT)
Every docked ligand binds to the
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macromolecule's stated GDP binding site® of
the target protein (4EPT) as shown in Fig. 8 and
Fig. 9, ensuring the good affinity of the ligands
for the active site of the target protein and, the
accuracy of the docking experiments. Docking
analysis with 4EPT as summarized in Table 3,
revealed that all the ligands have good affinity
for the active site of the target protein (4EPT)
as they have high negative binding energies
(ranging from -44.35 to -49.96 KJ/mol), and the
inhibition constant in nanomoles (ranging from
1.78 to 16.86 nmol).
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Fig. 9. Docked ligands in the GDP binding pocket of 4EPT (a) N1 (b) N2 (c) N3 (d) N4

Table 3: Docking analysis (with 4EPT)

Target protein 4EPT

Compound Binding Inhibition ~ Number of H bond Other interacting amino acids No. of interacting
energy constant (KI) H bonds interaction (A°) (polar and non polar) amino acids
(BE) in in nmol
kJ/mol
N1 -49.96 1.78 3 SER17(2.27),ALA18 LYS16,ALA59,GLY13,PRO34,ASP33, 13
(2.74)Glud1(1.77) PHE28,ALA146,LYS117,LYS147,LEU120
N2 -49.2 2.4 3 ALA18(2.64),SER17 LYS16,ALA59, PRO34,ALA146,LYS117, 1
(2.13),GLU31(1.80) PHE28,LYS147,LEU120
N3 -46.94 5.98 2 LYS16(2.82), ALA59,PRO34,LYS117,ALA146, 9
TYR32(2.62) LYS147,PHE28,ALA18
N4 -44.35 16.86 2 TYR32(2.21), LYS16,ALA146,LYS147,ALA18, 10
GLU31(2.41) PHE28,LYS117,GLY12,PRO34

Interaction of N1 with 4EPT

As shown in Fig. 10, in the N1 compound,
the carbonyl’s oxygen atom of the quinazolinone
forms H-bonds with SER17 and ALA18, the a—p
unsaturated carbonyl’s oxygen atom is also involved
in H-bonding with GLU31, the benzene ring of
quinazolinone is involved in 11-cation interaction
and, 11-alkyl interaction with LYS16 and ALA59
respectively, the phenyl substituent at the 2™
position of quinazolinone ring forms 11-sigma and,
11-amide stacked interaction with PRO34 and ASP33

respectively. The naphthalene ring system forms
bonding with PHE28 and, is involved majorly in 11
-alkyl interactions with LYS117, LEU120, ALA146,
and LYS147 respectively.

Interaction of N2 with 4EPT

As shown in Fig. 11, in the N2 compound,
the carbonyl’s oxygen atom of the quinazolinone
ring forms H-bonds with SER17 and ALA18, the
benzene ring of quinazolinone is involved in 11
-cation interaction with LYS16, the 4-methoxyphenyl
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substituent at the 2™ position of quinazolinone forms
r1-alkyl bonding with PRO34, the o—f unsaturated
carbonyl’s oxygen atom is also involved in H-bonding
with GLU31, naphthalene ring system forms a n—n
interaction with PHE28 and P-alkyl interactions with
ALA146, LYS117, LYS147, LEU120, and ALA18.
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Interaction of N3 with 4EPT

As shown in Fig. 12, in the N3 compound,
the carbonyl oxygen of the quinazolinone ring forms
a H-bond with LYS16, the oxygen atom of the a—J3
unsaturated carbonyl group is also involved in
H-bonding with TYR32, the naphthalene ring system
participates in a 11-cation interaction, and in a
interaction with LYS117 and PHE28, respectively. All
the aromatic rings participate in r1-alkyl bonding and
the residues involved are ALA59, PRO34, ALA18,
ALA146, and LYS147.

Interaction of N4 with 4EPT

As shown in Fig.13, in the N4 compound,
the oxygen atom of a—p unsaturated carbonyl
group forms H-bond with GLU31 and TYR32, the
furan ring at the 2" position of the quinazolinone

forms a I1-cation interaction with LYS16, the
benzene ring of quinazolinone system participates
in m1-alkyl interaction with PRO34, naphthalene ring
system is involved in 11-cation interaction and n—n
interaction with LYS117 and PHE28, respectively. The
naphthalene ring system is also involved in 11-alkyl
bonding with ALA18, LYS117, ALA146, and LYS147.
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The literature survey revealed that need
to treat NSCLC with mutant EGFR and, to treat
colorectal(CRC) with mutant KRAS is still a
substantive problem that is unmet to date. The
3-methyl quinazolinone chalcone hybrids have
been characterized by Wani et al., as potent
anticancer agents against pancreatic cancer
cell lines with IC,, values ranging from 5.5 to
8.5 uM''. Madhavi et al., have described certain
4-aminoquinazoline incorporated chalcones as
potent cytotoxic agents against cancer cell lines
(melanoma cancer, breast cancer, colorectal
cancer, and lung cancer), with an IC,  range from
0.10 to 0.19 uM'™. The antimicrotubule action
(anticancer) of synthetic naphthyl chalcones has
been the subject of numerous reports®. With IC,;
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(uM) values ranging from 0.01-0.54, the 3-methyl-
quinazolinone derivatives were reported by Le
etal., as strong inhibitors of wild-type EGFR®. With
IC,, values 0.047 to 2.71(uM), Zhang et al., reported
certain 2-phenoxymethylquinazolinone derivatives
as effective EGFR (wild-type) inhibitors®. For
treating NSCLC patients with T790M-mediated
resistance, the third-generation EGFR inhibitors
(such as osimertinib and olmutinib) offered a
potential therapeutic approach, but they are also
linked to serious side effects®”. For NSCLC patients
who have developed resistance to EGFR TKils
because of the mutation T790M, there are still
few effective therapy alternatives available®”. Zhao
et al., have reported certain quinazoline derivatives
as KRAS-G12C inhibitors as promiscuous
anticancer agents®.The rate-determining step
in K-Ras activation is the transition from GDP
bound K-Ras to GTP bound K-Ras. Targeting
the inactive, GDP-bound KRAS (G12C) has
been a promiscuous technique for creating novel
anti-KRAS therapies, as seen by the FDA's
clearance of AMG 510 (Lumakras)24%. In the
present study, the title ligands were docked to
K-RAS (G12D mutation), trapping it in an inactive
conformation and preventing it from coupling with
the downstream effector pathway. The present
work is an effort to explore a few low molecular
weight chemical entities for their cytotoxic potential
and, that can act smartly by inhibiting the mutant
molecular targets (EGFR and K-RAS), moreover,
these chemical entities can be used as a template
for the development of future smart dual targeting
drugs, to overcome resistance hindrance.

CONCLUSION

The intended chalcone hybrid compounds
with quinazolinone incorporation were made in
three steps. Benzoxazine-4-one intermediates (B1-
B4) were synthesized in the first step, and in the
second step, the intermediate compounds (B1-B4)
were treated with 4-aminoacetophenone to afford
intermediates with quinazolin-4-one ring (Q1-Q4).
The quinazolin-4-one (Q1-Q4) intermediates and
1-naphthaldehyde underwent an aldol condensation
reaction in the third step, resulting in the formation
of hybrid molecules (N1-N4). The TLC method,
which uses a solvent system of 30% ethyl acetate
and 70% hexane, was successful in monitoring all
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of the chemical reactions used in the current study
to produce the target hybrid compounds. Using IR,
"H-NMR, ®C-NMR, and mass spectroscopy (ESI+),
the title compounds and the intermediate products
were satisfactorily characterized. The results of the
in-vitro cytotoxic screening and docking analysis can
be concluded as follows:

(@)  When used with the chalcone structural motif,
quinazolin-4-one scaffolds with the aryl rings
in their second and third positions function as
potential chemical templates for anticancer
activity.

(b) Docking experiments showed that all the
synthesized quinazolinone-chalcone hybrid
ligands had a strong affinity for the active
site and could inhibit the EGFR (with T790M
mutation; pdb Id: 5Y9T) and K-RAS (with
G12D mutation; pdb Id: 4EPT).

(c) In-vitro cytotoxic screening against lung
cancer cell lines (A549) and colorectal cancer
cell lines revealed that N3 is the most potent
compound, but N2 is the most selective
towards cancer cells.

The studied title compounds can be
used as a template for chemical tailoring/chemical
modification to make more selective and smart
cytotoxic agents with the virtue of the capability to
inhibit mutant EGFR and mutant K-RAS. Therefore,
the current work can be a catalyst for the development
of novel low molecular weight therapeutic molecules
to treat colorectal cancer and to treat lung cancer
linked to EGFR and K-RAS mutation.
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