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Abstract

Cancer encompasses a diverse group of diseases characterized by uncontrolled cell division, lead-
ing to immune system impairment and the potential to metastasize to other regions of the body. Globally,
cancer represents a significant threat to public health, ranking as the second most prevalent cause of death
following cardiovascular diseases. Quinazoline and azole derivatives are important classes of compounds
in medicinal chemistry with a wide variety of biological activities. Here, five quinazoline-azole hybrids
were designed and synthesized as cytotoxic agents. The chemical structures of new compounds were con-
firmed using spectroscopic methods. Molecular docking studies were done on epidermal growth factor
receptor (EGFR) as a potential target for quinazoline and azole derivatives. The binding energies and
interactions of these ligands toward the active site of EGFR were analyzed in comparison with erlotinib.
Interestingly, all compounds showed lower binding energies than erlotinib. In silico physicochemical pa-
rameters and ADME profiling calculations were also performed.
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1. Introduction

Cancer is generic term for many dis-
eases that causes cells to divide without con-
trol and damage to the immune system and
spread to other part of body. Cancer as the
second leading causes of mortality, after car-
diovascular diseases, is a great concern for hu-
man health worldwide (1, 2). Currently, che-
motherapy that involves the use of cytotoxic
agents to eliminate cancer cells is the major
method employed in the management of nu-
merous kinds of cancer. However, cytotoxic

are not specific for cancer cells and they can
also affect the normal cells and thus use of
them have been associated with various organ
toxicity that often limit the efficiency of che-
motherapy agents (2). Therefore, the discov-
ery and development of potent and selective
anticancer agents with minimal side effects
is of great value in cancer therapy (3). Quin-
azoline scaffolds and their bioisosteres are
recognized as a useful and significant scaffold
in drug design and are privilege structure to
medicinal chemists, Because of broad spec-

effect of most of the chemotherapeutic agents
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trum of biological potential like antidiabetic
(4), anti-cancer (5) anti-histaminic (6), anti-
inflammatory (7), antibacterial (8), antifungal
(9) and antiviral activities (10). Imidazole and
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triazole derivatives have been identified as a
potentially advantageous class of anticancer
agents with significant therapeutic poten-
tial. (11). Triazole compounds have different
mechanisms of action for their anticancer ef-
fects, such as inhibition of epidermal growth
factor receptor (EGFR), microtubule synthe-
sis, aromatase, and Poly-ADP-ribose poly-
merase (PARP) (12). Furthermore, there are
already some imidazole-based drugs includ-
ing Dacarbazine, Zoledronic acid, Nilotinib,
Tipifarnib, and Abemaciclib to treat neoplastic
diseases (13, 14). Therefore, quinazoline and
azole scaffolds could have contributed to build
an enormous number of chemical compounds
with cytotoxic activity particularly through
EGFR inhibition (15-17). Since EGFR is
frequently overexpressed in several cancer
types, including non-small cell lung cancer
(NSCLC), head and neck squamous cell carci-
noma (HNSCC), and colorectal cancer (18), it
has rationalized the development of a number
of specific targeted therapeutics. Currently,
two classes of EGFR-specific cancer drugs
are used in treatment of cancer: monoclonal
antibodies (mAbs), which bind to the extracel-
lular domain of the transmembrane receptor
and small-molecule tyrosine kinase inhibitors
(TKIs), which interact with the adenosine tri-
phosphate (ATP) binding site (19, 20). In this
study five quinazolinone-azole compounds
were synthesized as EGFR inhibitors and mo-
lecular docking was done to explore interac-
tions and binding modes of synthesized com-
pounds against the EGFR as plausible target.
Physicochemical properties and ADME pro-
file of all synthesized compounds were also
calculated.

2. Experimental
2.1. Chemistry

All solvents and chemical substance
were purchased from Merck Company (an-
alytical grade) and used without further
purification. Melting points and IR spectra of
all compounds were determined using Elec-
trothermal 9200 apparatus and a VERTEX70
spectrometer, respectively. lH NMR and 13C
NMR spectra were recorded on a BRUKER
DRX-400 AVANCE (Bruker, Germany) in-
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strument using CDCIl3 as deuterated solvent
and with an internal standard of tetramethylsi-
lane at 500 and 125 MHz, respectively. Mass
spectra were recorded on Mass instrument us-
ing (M++1) mode.

2.1.1. General procedure for the synthesis of
2-(chloromethyl)-4H-benzo[d][1,3]oxazin-
4-one (3).

A solution of anthranilic acid (1) (1
mmol) in dichloromethane (10 mL) was added
to diisopropylethylamine (DIPEA) (1.5 mmol)
and then 1.2 mmol of chloroacetyl chloride (2)
was added dropwise for 20 minutes at room
temperature, and the reaction mixture was
stirred for 2 hours. The reaction mixture was
washed with water and extracted with ethyl
acetate (2 x 20 mL) and the organic layers
dried with anhydrous Na,SOy,. The filtered
evaporated by rotary evaporator (Scheme 1).

2.1.2. General procedure for the synthesis of
2-(chloromethyl)-3-substituted — quinazoline-
4(3H)-one (35).

Intermediate 5 was synthesized us-
ing 3-chloroanilines (4) and compound 3 (1
mmol) in the presence of PCl; (1.5 mmol) in
acetonitrile (CH3CN) at 60 °C for 2 hours.
After completion of the reaction, a saturated
NaHCOj solution was added and then the
product (5) extracted with ethyl acetate (3 x
20 mL). The organic layers were dried with
anhydrous Na,SOy, and the crude products
were purified by recrystallization with ethanol
(Scheme 1).

2.1.3. General procedure for the synthesis
of 2-((1H-azolyl)methyl)-3-(3-chlorophenyl)
quinazolin-4(3H)-one (7a-7e).

One mmol of azole compounds (6a-
6¢) were added to a solution of trimethyl-
amine Immol, anhydrous potassium carbonate
Immol and 1 mmol of compound 5 in aceto-
nitrile and then stirred for 24 hours at reflux
temperature. After completion of the reaction,
the solvent was evaporated and purified by
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column chromatography using chloroform/n-
hexane (25/75) as an eluent.

2.1.4. Spectral data
2.1.4.1.  2-((1H-imidazol-1-yl)methyl)-3-(3-
chlorophenyl)quinazolin-4(3H)-one (7a)
Chemical Formula: C;gH;3C;N4O,
Molecular Weight: 336.78, Yield: 78%. 'H-
NMR (500 MHz,CDCls) §(ppm): 8.25 — 8.19
(m, 1H), 7.79 (td, J= 8.0, 7.4, 1.5 Hz, 1H),
7.71-7.69 (m, 1H), 7.54—7.48 (m, 21H), 7.43
(d,J=8.0 Hz, 1H), 7.13 - 7.11 (m, 2H), 7.00 (s,
1H), 6.99 — 6.96 (m, 1H), 6.75 (s, 1H), 4.88 (s,
2H). 13C-NMR (126 MHz, CDCls) 8(ppm):
161.68, 149.35, 146.54, 137.95, 137.40,
136.53, 135.82, 135.11, 131.16, 130.27,
128.89, 128.47, 128.18, 127.84, 127.09,
126.45, 119.21, 50.33. MS (EI), m/z (%):
336.5(60), 316.6(29), 284.6(19), 255.4(68),
149.3(23), 11.6(35), 71.3(56), 57.3(100),
43.3(90). IR (KBr)Umax (cm-!): Ar-H aro-
matic: 3125, 3065 cm-l; CH2: 2923, 2853
cm!; C=0 amide: 1678 cm-1; C=N: 1611cm-
1. C-C aromatic: 1585, 1421 cm-1; CH2:1472
cm'l; Ar-N: 1351, 1272 cml; C-N: 1229,
1076 cm-!1, C-Cl: 770 cm-1.

2.1.4.2. 2-((1H-1,2,4-triazol-1-yl)methyl)-
3-(3-chlorophenyl)quinazolin-4(3H)-one (7b)

Chemical Formula: C;7H;,C{N;O,
Molecular Weight: 337.77, yield: 62%, MP:
161-163 °C. 1H- NMR (500 MHz, CDCls)
O(ppm): 8.29 - 8.27 (m, 1H), 7.98 (s, 1H),
7.96 (s, 1H), 7.85 — 7.77 (m, 1H), 7.69 (d, J
= 8.1 Hz, 1H), 7.56 (d, J = 7.6 Hz, 1H), 7.54
(s, 1H), 7.50 (t, J = 7.9 Hz, 1H), 7.26 (t, J
= 2.0 Hz, 1H), 7.18 — 7.10 (m, 1H), 5.17 (s,
2H).13C- NMR (125 MHz, CDCl;) 8(ppm):
161.65, 151.97, 148.43, 146.55, 144.39,
136.62, 13599, 135.06, 131.21, 130.39,
128.59, 128.15, 127.92, 127.13, 126.47,
121.01, 52.29. MS (EI), m/z (%): 377.5(82),
316.6(53), 268.4(13), 255.4(100), 191.5(13),
111.3(34), 57.3(100). IR (KBr)Umax (cm-1):
Ar-H aromatic: 3120 cm-!; CH2: 2985, 2954,
2921, 2852 cml; C=0O amide: 1682 cm!;
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C=N: 1609cm-!; C-C aromatic: 1586, 1505,
1438 cm!; CH,: 1471 cm!; Ar-N: 13438, 1276
cml; C-N: 1211, 1111, 1015 cm-1, C-CI: 775
cml,

2.1.4.3 2-((1H-benzo[d]imidazol-1-yl)
methyl)-3-(3-chlorophenyl)quinazolin-4(3H)-
one (7c)

Chemical Formula: C5,H{5C;N4O ,
Molecular Weight: 386.84, Yield: 81%, MP:
174-177 °C. 1TH NMR (500 MHz, CDCly)
O(ppm): 8.24 - 8.23 (m, 1H), 7.81 — 7.77 (m,
2H), 7.71 (d, J= 8.1 Hz, 1H), 7.53 (t, J=7.5
Hz, 1H), 7.48 — 7.45 (m, 1H), 7.40 — 7.36 (m,
2H), 7.26 (dd, J = 8.0, 4.1 Hz, 1H), 7.21 (s,
1H), 7.20 (s, 1H), 7.10 (s, 1H), 6.92 (d,J="7.8
Hz, 1H), 5.16 (d, J = 2.2 Hz, 2H). 13C NMR
(125 MHz, CDCl3) & (ppm): 161.71, 149.05,
146.49, 143.22, 143.03, 136.62, 135.95,
135.09, 133.54, 131.19, 130.27, 128.33,
128.17, 127.90, 127.13, 126.39, 123.44,
122.64, 121.02, 120.40, 109.76, 48.091.
MS (EI), m/z (%): 386.6 (100), 387.6 (42),
255.4(30), 131.4(30). IR (KBr)Umax (cm-1):
Ar-H aromatic: 3062 cm-!; CH,: 2921, 2851
cm!; C=0 amide: 1678 cm-!; C=N: 1610cm-
I C-C aromatic: 1585, 1498, 1430 cm!;
CH,:1462 cm1; Ar-N: 1335, 1262 cm!; C-N:
1207, 1182 cm-1, C-Cl: 767cm-1.

2.1.4.4. 3-(3-chlorophenyl)-2-((2-methyl-1H-
benzo[d]imidazol-1-yl)methyl)quinazolin-
4(3H)-one (7d)

Chemical Formula: C,y3H{7C{N4O,
Molecular Weight: 400.87, yield: 82.5%, MP:
179-182 °C. 1TH NMR (500 MHz, CDCly)
O(ppm): 8.27 — 8.21 (m, 1H), 7.77 — 7.72 (m,
1H), 7.69 (d, J = 7.9 Hz, 1H), 7.57 (d, J =
8.2 Hz, 1H), 7.52 — 7.49 (m, 2H), 7.47 (d, J
= 7.7 Hz, 1H), 7.26 (t, J = 1.7 Hz, 1H), 7.23
—7.19 (m, 1H), 7.16 — 7.12 (m, 1H), 7.07 —
7.04 (m, 1H), 7.01 (d, J = 8.0 Hz, 1H), 4.95
(d, J = 1.5 Hz, 2H), 2.38 (s, 3H).13C NMR
(125 MHz, CDCl3) 6(ppm): 174.43, 161.81,
152.26, 148.90, 146.51, 141.71, 136.72,
136.13, 135.03, 134.78, 131.39, 130.40,
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128.28, 127.99, 127.95, 127.03, 126.27,
122.55, 122.43, 120.84, 118.94, 108.88,
46.93, 13.42. MS (EI), m/z (%): 400.6(8),
256.5(10), 132.3(26), 60.3(80), 43.3(100) IR
(KBr)Umax (cm-!): Ar-H aromatic: 3061 cm-
. CH,: 2925, 2853 ¢cml; C=0 amide: 1680
cml; C=N: 1610cm-!; C-C aromatic: 1585,
1531, 1406 cml; CH,:1466 cm-l; Ar-N:
1333, 1269 cm-l; C-N: 1255, 1227, 1078 cm-
1 C-CI: 769 cm-1.

3.1.4.5  3-(3-chlorophenyl)-2-((5,6-dimeth-
vl-1H-benzo[d]imidazol-1-yl)methyl)quinazo-
lin-4(3H)-one (7¢)

Chemical Formula: C,y4H;9C{N4O,
Molecular Weight: 414.89, Yield: 82%, MP:
180-184 °C 'H NMR (500 MHz, CDCls)
O(ppm): 8.29 — 8.21 (m, 1H), 7.86 — 7.81 (m,
1H), 7.76 (d, J = 8.0 Hz, 1H), 7.59 — 7.55 (m,
1H), 7.54 (s, 1H), 7.50 — 7.47 (m, 1H), 7.39 (t,
J=8.0Hz, 1H), 7.30 (s, 1H), 7.12 (s, 1H), 6.93
(s, 1H), 6.91 (s, 1H), 5.13 (s, 2H), 2.36 (s, 3H),
2.31 (s, 3H). 13C NMR (125 MHz, CDCl3)

S(ppm): 161.77, 150.52, 149.33, 146.57,
142.12, 136.69, 135.97, 135.09, 132.56,
132.05, 131.49, 131.15, 130.14, 128.38,
128.14, 127.87, 127.16, 126.49, 121.06,

120.38, 109.81, 48.86, 20.58, 20.22. MS (EI),
m/z (%): 414.6(100), 255.4(14), 159.4(30).
IR (KBr)Umax (cm-1): Ar-H aromatic: 3072,
3029 cm-1; CH2: 2971, 2942, 2917 cm-1; C=0O
amide: 1679 cm-1; C=N: 1612cm-!; C-C aro-
matic: 1586, 1493, 1434 cm-1; CH,:1471 cm-
I Ar-N: 1315, 1277 eml; C-N: 1257, 1224,
1183 cm-1, C-Cl: 778 cm-1.

2.2. Molecular Docking

Molecular docking was done using
Autodock Vina software. In order to dock-
ing procedure EGFR was selected as a target.
EGFR with erlotinib (PDB ID: 1M17) was
obtained from Protein Data Bank (PDB da-
tabase; http://www.rcsb.org). In the first step
water molecules and cocrystal ligand (erlo-
tinib) were removed, and the enzyme save as
PDBQT format using MGLTools 1.5.6 soft-
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ware. All new synthesized compounds as well
as erlotinib and nilotinib were drawn and op-
timized in HyperChem Professional version 8
(Hypercube Inc., Gainesville, FL, USA) and
then geometry optimization was done by Mo-
lecular Mechanic (MM+) method. The opti-
mized structures were converted to PDBQT
using MGLTools. Finally, all five investigated
compounds were characterized by a docking
mode in the active site of EGFR. The dock-
ing mod was performed by an in-house batch
script (DOCK-FACE), based on the Lamarck-
ian genetic algorithm, in a parallel mode, us-
ing all system resources, as described in our
recent studies. The grid box of 70 x 70 x 70
A was centered with a spacing of 0.375 A to
accommodate ligand in a respectable orien-
tation. For internal validation, erlotinib was
excluded from the PDB structure of receptor
and was docked the same as examined ligands.
Root-mean-square deviation (RMSD) value
obtained below of 2 A showed the validity of
docking (33).

2.3. Physicochemical parameter (ADME) pre-
diction

The pharmacokinetic parameters are
important to determine safety of drugs and are
described by main physicochemical character-
istics such as Absorption, Distribution, Me-
tabolism, and Excretion (ADME). These pa-
rameters were predicted using the http://www.
swissadme.ch/ server.

3. Results and Discussion
3.1. Design Approach

Erlotinib and Gefitinib are the most
potent and selective EGFR inhibitor which
have quinazoline scaffold (Figure 1), In recent
years, azole derivatives have attracted much in-
terest as potent anticancer agents (21). Among
the various azole derivatives, triazole, tetrazol
and pyrazole indicated the best anticancer ac-
tivity (22, 23). Nilotinib contains an imidazole
component and acts as a potent Ber-Abl tyro-
sine kinase inhibitor (24-26). Different stud-
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Figure 1. Schematic of designed compounds.

ies reported the significant of azole scaffold as
novel anticancer agents (27-29). For example,
structure I (30) exhibited promising cytotox-
icity against A549 (human lung carcinoma),
MCF7 breast carcinoma, Structure II, a ben-
zothiazole-piperazine-1,2,3-triazole ~ hybrid,
demonstrated promising anticancer activity
against DU145 prostate carcinoma and HelLa
cervical carcinoma cell lines (IC50 < 50 uM)
values, these results support its potential for
further development as a therapeutic agents.
31).

Recently, pharmaceutical researchers
have drawn attention to the design of more
effective anticancer agents in order to save
time and money based on hybridization of
potent scaffold. In this regard, there is grow-
ing interest in quinazoline scaffolds and azole
compounds as anticancer agents. Given the
increasing focus on hybridization approaches,
we introduced the recent hybridization of the
quinazolinone scaffold with azole moieties
(7a-7e).
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3.2. Chemistry

Synthesis of the quinazoline-azole hy-
brids (7a—7e) were carried out via three steps
(Scheme 1). In the first step, anthranilic acid
(1) with chloroacetyl chloride (2) reacted to
2-chloromethyl benzoxazine-4-one (3) in the
presence of a catalytic amount of diisopro-
pyl ethyl amine (DIPEA) in dichloromethane
(DCM) for 2 hours at room temperature. Next,
a nucleophilic attack occurred between 3 and
3-chloroanilines (4) to give 2-(chloromethyl)-
3-m-chloroaniline substituted quinazoline-
4(3H)-one derivatives (5) under acidic condi-
tions at 60 °C. The third step of the reaction
proceeded by replacing the chlorine atom at
the side chain with azole derivatives (6a-6¢) in
the presence of K,COj3 and thriethylamine in
acetonitrile for 24 hours to obtain final prod-
ucts (7a-7e). The products (7a-7¢) were puri-
fied on a chromatography plate, using silicagel
and 25% chloroform in n-hexane as an eluent
(yield 62-82.5 %). The chemical structures
of all compounds were confirmed by IR, !H-
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Figure 2. Scheme route of synthesized compounds (7a-7¢).

NMR, I3C-NMR, and Mass Spectrometry.
Spectroscopic data are presented in experi-
mental section.

3.3. Molecular docking studies

As previously mentioned, EGFR is the
main target of quinazoline derivatives as cy-
totoxic agents, molecular docking studies was
performed to evaluate their interactions and
conformations of compounds against EGFR
enzyme. The results including the estimated
free binding energy (Kcal.mol-!) of ligand-
complex, and also possible interactions with
the main amino acid residues at the active site
of the enzyme are shown in Table 1, Figure 3
and 4.

All of the compounds showed com-
parable docking scores with that of the co-
crystallized ligand, (Erlotinib) with binding
energies lower than -7.1 kcal/mol, indicating
their favorable binding to the EGFR target.

The range of the binding energy values were
showed between -7.4 to -8.5 Kcal.mol-!.

2D and 3D interaction of the Erlotinib
is shown in Figure 3. The nitrogen atom of
quinazoline ring and the oxygen atoms of the
ether chains involved in hydrogen bond inter-
actions with the residues of Lys721, Cys733,
Met769. Other important interactions of Er-
lotinib are m-sigma, m-stacking and m-anion
bonds of quinazoline motif rings with Val702,
Phe699, and Asp831 residues (Figure 3). 2D
interactions of all synthesized compounds (7a-
7e) are shown in Figure 4. For compound 7a,
quinazoline moiety formed hydrogen bond
and m-sigma with Ser 223, and the imidazole
ring involved in w-anion with Asp 227 residue.
7b and 7c¢ have similar interaction like, the
quinazoline moiety formed three interactions
such as hydrogen bond, n-sigma and m-anion
with Lys 56, Phe 34 and Asp 166 residue ami-
no acid. Also, the triazole ring of 7b forms hy-

Table 1. The binding energies kcal.mol-1 of the tested compounds on EGFR (1M17) using AutoDock
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Figure 3. 2D and 3D interaction of the Erlotinib as the co-crystal ligand of IM17.

drogen bond interaction with the Lys 56 and
benzimidazole ring of 7c¢ involved in m-anion
interaction with Glu 69. On the other hand,
compound 7d formed hydrogen bond through
the carbonyl group of quinazoline moiety with
Gln 293. Also, the quinazoline ring of 7e in-
volved in m-anion interactions with Asp 166
and m-sigma with Phe 34 and hydrogen bond
with Lys 56. Finally, the 6, 7 di Me benzimid-
azole have m-anion interaction with Glu 69.

GLY
228

66 LEU
58

3.4. ADME properties

A valuable tool to the design and dis-
covery of new candidate as drug is Lipin-
ski's Rule of 5. Oral bioavailability is a key
determinant of drug efficacy, and therefore,
accurately assessing it is essential for select-
ing compounds with the potential to achieve
therapeutic concentrations in vivo (32). The

LYs
186

ASD
148

VAL
187

LEU
58

Figure 4. The interaction of the synthesized compounds in the active site of EGFR (PDB code

1M17).
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Table 2. Physicochemical properties of studied ligands.

Compounds MW (g/mol) LogP HBD
Ta violation

7b 336.78 2.52 0

7c 337.76 2.69 0

7d 386.83 3.50 0

Vic 400.86 4.38 0

Rule of Lipinski 414.89 4.59 0
S 00 <5 <5

molecular weight must be less than 500 Dal-
tons to permeability across cell membranes.
The number of hydrogen bond acceptor and
donor atoms should be fewer than 5 to exist
well absorbability. The logarithm of the octa-
nol-water partition coefficient (LogP) should
be less than 5 to show desire oral absorption.
Although Total Polar Surface Area (TPSA)
showed improved in oral absorption. As
shown in Table 2, all synthesized compounds
confirm to Lipinski's Rule of Five and can be
administer as oral candidate.

4. Conclusion

Some of the new quinazoline-azole
hybrids were successfully synthesized and
characterized by 'H-NMR, I3CNMR IR and
MASS spectroscopy. Molecular docking stud-
ies of the synthesized compounds on EGFR
(1IM17) revealed that they form more favor-
able interactions within the active site than Er-
lotinib, including key hydrogen bonds, hydro-
phobic contacts, and Van der Waals forces.All
of the compounds comply the lipiniski rule.

HBA  TPSA(A2) n-RB Lipinski
3 52.71 3 0
4 65.60 3 0
3 52.71 3 0
3 52.71 3 0
3 3 0

These findings suggest that quinazolinone-
azole hybrids, such as 7c and 7e, have poten-
tial for further development as novel antican-
cer agents.
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