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Abstract—A series of anilinoquinazoline derivatives with modification on the 2nd carbon of the aniline ring has
been synthesized and characterized. The compounds have been tested for their in vitro antiproliferative activity
against three NSCLC cell lines, including A549, H1650 and H1975. One of the products has demonstrated the
highest ICs, value against A549 (17.60 = 1.70 uM), surpassing the standard drug, gefitinib (34.32 + 1.30 uM),
another one has exhibited ICs, value against H1975 (9.75 + 1.06 uM), surpassing gefitinib (31.12 £+ 0.38 uM).
The best performing derivatives in the antiproliferative assay have been selected for further in silico study for
investigating their plausible binding mode in different EGFR kinases through molecular docking and molecular

dynamics simulations.
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Quinazoline derivatives have demonstrated a broad
spectrum of valuable biological activities, including
antimicrobial [ 1], anti-inflammatory [2] and anticonvulsant
[3]. Several derivatives of anilinoquinazoline, such as
gefitinib and erlotinib, are widely used in treatment of
non-small cell lung cancer (NSCLC) [4, 5]. Discovery
of those anticancer agents has stimulated further attempts
in derivativation of anilinoquinazoline scaffold and study
of the products antitumor activity [6-9].

However, a limited attention has been payed to the
derivatives with substituents on the 2nd carbon atom of
the aniline ring of the anilinoquinazoline. Therefore, in
this project, a series of anilinoquinazoline derivatives with
an aromatic ring extended from an amide linker on the 2nd
carbon of the aniline ring (Fig. 1) was synthesized and
tested for antiproliferative activity against A549, H1650,
and H1975 cell lines. Molecular docking and molecular
dynamics simulations were involved for the insite in the
mechanism of their cells proliferation inhibition.

RESULTS AND DISCUSSION

Eight new anilinoquinazoline derivatives were
synthesized according to the synthetic pathway outlined
in Scheme 1. The commercially available 2-amino-4-

R

’
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Fig. 1. General structure of the designed derivatives.
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Scheme 1. Synthetic pathway to compounds 4a—4h.
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Reagents and conditions: () formamide, MW, 190°C, 0.5 h; () oxalyl chloride, DMF, CHCl;, 60°C, overnight;
(c) CDI, THEF, different amines, room temperature, overnight; (d) 4,7-dichloroquinazoline, THF, room temperature, overnight.

chlorobenzoic acid (1) was reacted with formamide under
MW irradiation to afford 7-chloroquinazolin-4(3H)-one
(2). Initially the same process was carried out under
conversion heating of 1 [10, 11]. The alternative MW
irradiation [12] elevated the yield of 2 up to 90%.

Chlorination of 7-chloroquinazolin-4(3H)-one (2)
using oxalyl chloride and DMF in chloroform produced
4,7-dichloroquinazoline (3) [13, 14], the following
reaction of which with 2-amino-4-chlorobenzoic acid in
THF targeted the 4-anilinoquinazoline scaffold. However,
very low solubility of the precipitated product in common
NMR solvents did not allow to characterize its structure.
Instead, a series of aminobenzamide was prepared in situ
from 2-amino-4-chlorobenzoic acid and different amines
via CDI mediated coupling, before being reacted with
4,7-dichloroquinazoline (3) with formation of the target
compounds 4a—4h (Scheme 1).

Antiproliferative study. The in vitro antiproliferative
activity of the synthesized compounds was measured
against three NSCLC cell lines: A549, H1650, and H1975
(Table 1). Gefitinib was used as the positive control.

The products demonstrated different selectivity on the
cell lines. In comparison with gefitinib, seven compounds
(except 4f) demonstrated better 1C5, values on A549
cell line, and similarly, seven compounds (besides 4c)
performed better on H1975 cell line. However, none of
the compounds performed better than gefitinib on H1650
cell line.

Compounds 4a, 4g, and 4h were structurally different
in term of the distance between the amido group and the
phenyl ring. Specifically, there was one carbon atom
separating the two groups in compound 4a, two carbons
in compound 4g, and none in compound 4h. On A549
cell line, compound 4a (24.87 £ 1.74 uM) performed
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Table 1. The ICs, values for compounds 4a—4h and gefitinib

IC5y (Mean = SD uM)
Compound A549° H1650° H1975°
4a 2487+174 | 2611+1.62 | 23.83 +1.68
4b 27.14+0.39 | 3035+ 0.89 | 28.28 + 1.01
4c¢ 26.18+£092 | 28.04+1.75 | 32.23+0.71
4d 2378+ 0.26 | 25.88+1.26 | 23.49 = 1.13
de 17.60+ 1.70 | 27.61 +0.49 | 20.46 = 1.86
4f 44544053 | 36.64+020 | 21.11+1.59
4g 31064028 | 31.14=131 | 9.75+1.06
4h 33.64+0.75 | 3030+ 1.63 | 29.66+0.85
Gefitinib | 34.32+1.30 | 19.17+1.90 | 31.12+0.38

2 A549 is NSCLC cell line with wild-type (WT) EGFR.

YH1650 is NSCLC cell line with exon 19 deletions mutated EGFR.

¢H1975 is NSCLC cell line with L8585R+T790M (LRTM) mutated
EGFR.

better than 4g (31.06 + 0.28 uM) and 4h (33.64 +
0.75 uM). On the other hand, on H1975 cell line, compound
4g(9.75+1.06 uM) exhibited better results than 4a (23.83 +
1.68 uM) and compound 4h (29.66 + 0.85 uM).
Compound 4f which contained pyridinyl ring instead of
phenyl was determined to be of the lowest activity.

Molecular docking study. The molecular docking
study was carried out for the most active products 4e and
4g interaction with EGFR kinase, which was chosen as
the target protein [15, 16], and gefitinib and erlotinib were
known as inhibitors of EGFR kinase [17].

Compound 4e and compound 4g were considered as
ligands for docking in WT-EGFR and LRTM-EGFR,
respectively (Table 2).

Compound 4e bound to WT-EGFR could be in the
same orientation in the crystal structure of erlotinib in
EGFR kinase [4]. The incorporated aromatic ring on
the 2nd position of the aniline ring of compound 4e
formed n—m interaction with PHE723. The aromatic ring
also formed m-anion interaction with ASP855. n-Anion
interaction with ASP855 had previously been observed in
the docking of luteolin in EGFR kinase [18]. In LRTM-
EGFR, compound 4g also formed hydrogen bonding
with MET793, and its aromatic ring was involved in -
interactions with PHE723.

The 3D diagrams of both docking results indicated that
LYS745 and ASP855 residues were in close proximity to
the amide group linker of compounds 4e and 4g. Despite
the ability of the amide group to become a hydrogen
donor and acceptor, such interactions were not observed.

Molecular dynamics simulations. The molecular
dynamics simulations were carried out for the compounds
4e and 4g in the respective kinases for detecting possibile
H-bonds formation with the residues that could contribute
to their in vitro antiproliferative activity.

Stability and fluctuation of the systems were evaluated
by the root-mean-square deviation (RMSD) of the
backbone residues over 50 ns, that were calculated by

Table 2. List of interactions for compound 4e in WT-EGFR, and compound 4g in LRTM-EGFR

Parameter Compound 4e in Gefitinib in . Compound 4¢g Gefitinib in
WT-EGFR WT-EGFR in LRTM-EGFR LRTM-EGFR
Hydrogen bonding MET793% MET793%2 MET7932 IMET793
T—7 interaction PHE723Y - PHE723% -
n-Anion/Cation ASP855 LYS745 - -
Carbon hydrogen bond GLN791, ASP855 ARG841
Van der Waals GLU762, THR790, | LEU788, THR790, | GLU762, GLN791, | GLY719, MET766,
GLN971, LEU792, | LEU792, GLY796, | LEU792, GLY796, | LEU788, LEU792,
GLY796, THR854 | THR854, PHE856 | THR854, ASP855, | PRO794, GLY796,
ARGB8S58 CYS797, THR854
Pi-Sigma LEU718, LYS745, LEU844 LEU718, LEU844 LEU718

Alkyl/Pi-Alkyl

Pi-Sulfur
Halogen

LEUgR44
VAL726, ALA743,
MET766, LEU788

LEU718, PHE723,
VAL726, ALA743,
MET766

GLU762

VAL726, ALA743,
LYS745, MET766,
LEU788,
MET790°¢

VAL726, ALA743,
LYS745, LEU844

MET790°¢
GLU762

2 The essential amino acid residues of the EGFR kinase for substrate binding at the active site [4].
bThe targeted amino acid by aromatic ring incorporation.

¢ The mutated amino acid.
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Table 3. The H-bond occupancy of compound 4e and gefitinib in WT-EGFR and compound 4g and gefitinib in LRTM-EGFR

Receptor Ligand Acceptor Donor Occupancy, %

WT-EGFR 4e Compound 4e-N*? MET793-NHP 88.24
ASP_855-OD1°¢ Compound 4e-N21¢ 5.04

ASP_855-OD2¢ Compound 4e-N21¢ 3.68

Gefitinib Gefitinib-N? MET793-NH® 91.80

LRTM-EGFR 4g Compound 4g-N? MET793-NH® 95.88
ASP855-0OD2°¢ Compound 4g-N21¢ 23.95

Gefitinib Gefitinib-N? MET793-NH® 91.48

2 N: the nitrogen atom of the quinazoline ring.

YNH: the hydrogen atom on the amino group of MET793.

¢OD1 and OD?2 are two different oxygen atoms of ASP855.
4N-21 is the nitrogen atom of the amide group of the compounds.

using their respective energy minimized structures as a
reference. Ten amino acid residues of both terminals of
each kinase were opted out from RMSD calculations due
to their highly fluctuating nature that might interfere with
the interpretation of the results [19]. According to RMSD
of the complexes the backbones of those were stabilized
after 30 ns of simulations.

Hydrogen bond occupancy (Table 3 and
Supplementary Materials). Though both compounds 4e
and 4g contained the amide group on their aniline ring,
compound 4g had a higher occupancy of the hydrogen
bonding with ASP855 (23.95%), than 4e (8.72%). The
3D interaction diagram of LRTM-EGFR/compound 4g
(Fig. 2a) supported the fact that presence of the bulky
mutated arginine residue (ARG858) pushed ASP855

Fig. 2. 3D interaction diagrams of the lowest energy frame of (a) LTRM-EGFR/compound 4g, and (b) WT-EGFR/compound 4e.

residue closer towards compound 4g, allowing it to form
stronger hydrogen bonding with ASP855, whereas in WT-
EGFR, ASP855 residue had more space to be flexible due
to smaller LEU858 (Fig. 2b).

EXPERIMENTAL

All chemicals were obtained from various commercial
sources, and used as received. TLC was performed using
MERCK 25 TLC plates 20x20 cm silica gel 60 F254
precoated aluminum plates. The spots were visualized
under the UV light. Ethyl acetate:hexane system was
used as an eluent. Flash column chromatography was
performed using silica gel (0.063—0.2 mm) as the
stationary phase. Melting points were measured in glass
capillaries on a MELTEMP II, Laboratory Device. NMR
spectra were measured on a JEOL ECX-400 MHz using

(b)
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DMSO-ds and CDClj as the solvents. Mass spectra
were measured on an Agilent 6550 iFunnel ESI-Q-TOF
LC-MS.

Synthesis of 7-chloroquinazolin-4(3H)-one (2).
2-amino-4-chlorobenzoic acid (0.5 g, 2.91 mmol) was
stirred in 7.5 mL of formamide. The mixture was heated
in a microwave oven at 300 kWatt, 190°C, for 30 min.
The clear brown reaction mixture was cooled to room
temperature. Ice cold water was added to the reaction
mixture to induce precipitation. The precipitate was
filtered, and the crude product was further purified using
column chromatography (EA: hexane, 7 : 3) to give
compound 2 as white powder. Yield 90%, mp 256-258°C.
"H NMR spectrum, §, ppm: 7.49 d. d (1H, J = 8.71 Hz,
J=2.29 Hz, CH), 7.66 d (1H, J=2.29 Hz, CH), 8.05 d
(1H, J = 8.71 Hz, CH), 8.09 s (1H, CH), 12.35 s (1H,
NH). 13C NMR spectrum, 8¢, ppm: 122.0, 126.9, 127.5,
128.5,139.4, 147.4, 150.4, 160.7.

Synthesis of 4,7-dichloroquinazoline (3). Compound
2 (5 g, 27.69 mmol) and DMF (1 mL, 20% w/w) were
added to 150 mL of chloroform. The reaction mixture
was cooled in an ice-bath. Oxalyl chloride (4.8 mL,
55.38 mmol) was added dropwise to the reaction mixture
which was left to warm up to room temperature upon
stirring for 2 h. Then the reaction mixture was heated
to 60°C and stirred overnight, upon completion of the
process it was cooled in ice-bath. Then, 4.95 g of sodium
hydrogen carbonate in 50 mL of cold water were added
drop-wise to the reaction mixture. The mixture was
separated, and the organic layer was dried using sodium
sulphate and concentrated under vacuum. The crude
product was purified by column chromatography (ethyl
acetate: hexane, 1 : 1) to give the product 3 as white solid.
Yield 80%, mp 140-142°C. '"H NMR spectrum, §, ppm:
7.67d.d (1H,J=8.70 Hz, J=1.84 Hz, CH), 8.07 d (1H,
J=1.84 Hz, CH), 8.21 d (1H, J = 8.70Hz, CH), 9.04 s
(1H, CH). 13C NMR spectrum, 8., ppm: 122.6, 127.4,
128.0, 130.4, 141.6, 151.7, 154.8, 162.5.

Synthesis of compounds 4a—4g. Solution of amino-
4-chlorobenzoic acid (0.30 g, 1.75 mmol) in 10 mL of
THF was mixed with CDI (0.34 g, 2.10 mmol), and the
mixture was stirred for 1 h, after which the desired amine
was added to the mixture, and it was stirred overnight.
Upon completion of the reaction (TLC), the mixture was
filtered through silica, and the eluate was concentrated
on a rotary evaporator. The crude intermediate and
compound 3 (0.35 g, 1.75 mmol) were dissolved in 10 mL
of THF at room temperature and stirred overnight. The
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resulting precipitate was filtered off. The crude product
was stirred in isopropanol for 1 h and filtered to give the
corresponding pure product.
N-benzyl-4-chloro-2-[(7-chloroquinazolin-4-yl)-
amino]benzamide (4a). Phenylmethanamine (0.16 mL,
1.50 mmol) was used as the reactant. Yellowish powder,
yield 62%, mp 208-210°C. '"H NMR spectrum, 3, ppm:
4.40d (2H,J=5.88 Hz, CH,), 7.15 m (5H, C4Hs), 7.44 d
(1H,J=8.55Hz,CH), 7.89d (2H,/=8.55Hz, CH), 7.98 s
(1H,CH), 8.37d (1H,J=8.55Hz, CH), 8.43 s (1H, CH),
8.84 s (1H, CH), 9.43 t (1H, J=5.88 Hz, NH), 12.82 s
(1H, NH). 3C NMR spectrum, 8¢, ppm: 43.2, 113.5,
122.3, 124.8, 125.2, 125.8, 126.0, 127.4, 127.8, 128.8,
129.7, 130.0, 136.5, 138.8, 139.2, 140.6, 143.5, 153.4,
159.1, 167.4. MS: m/z: 423.0769 [M + H]".
N-(2-Bromobenzyl)-4-chloro-2-[(7-chloro-
quinazolin-4-yl)amino]benzamide (4b). (2-Bromo-
phenyl)methanamine (0.19 mL, 1.50 mmol) was used
as the reactant. Yellowish powder, yield 62%, mp
206-208°C. 'H NMR spectrum, 8, ppm: 4.44 d (2H, J =
2.28 Hz, CH,), 7.14d. d (1H, J=7.90 Hz, J = 7.34 Hz,
CH),7.23d.d(1H,J=7.90 Hz, J=7.34 Hz, CH), 7.29 d
(1H,J=7.34Hz,CH),7.45d (1H,J=8.47Hz,CH), 7.53d
(1H, J=17.90 Hz, CH), 7.86 d (1H, J = 8.47 Hz, CH),
7.94 d (1H, J = 8.47 Hz, CH), 7.96 s (1H, CH), 8.33 d
(1H,J/=28.47 Hz, CH), 8.49 s (1H, CH), 8.87 s (1H, CH),
9.44 s (1H, NH), 12.79 s (1H, NH). '3C NMR spectrum,
dc, ppm: 43.8, 113.7, 122.9, 124.4, 124.6, 125.6, 125.9,
128.2, 129.4, 129.6, 131.0, 132.9, 136.7, 137.5, 139.2,
140.4, 144.2, 153.7, 158.9, 167.7. MS, m/z: 500.9893
[M+H]".
4-Chloro-2-[(7-chloroquinazolin-4-yl)amino]-/V-
(4-fluorobenzyl)benzamide (4c¢). (4-Fluorophenyl)-
methanamine (0.17 mL, 1.50 mmol) was used as the
reactant. White powder, yield 65%, mp 228-230°C. 'H
NMR spectrum, 8, ppm: 4.36 d (2H, J = 5.64 Hz, CH,),
6.97 m (2H, CH), 7.23 m (2H, CH), 7.44 d (1H, J =
8.47 Hz, CH), 7.86 d (1H, J=8.47 Hz, CH), 7.91 d (1H,
J =8.47 Hz, CH), 7.98 s (1H, CH), 8.38 m (2H, CH),
8.86 s (1H, CH), 9.43 s (1H, NH), 12.78 s (1H, NH).
13C NMR spectrum, o, ppm: 42.5, 113.3, 115.3, 121.6,
125.0, 126.8, 129.7, 129.9, 131.0, 135.5, 136.4, 138.4,
140.8,142.7,153.2,159.3,160.5,162.9, 167.2. MS: m/z:
441.0680 [M + H]".
4-Chloro-2-[(7-chloroquinazolin-4-yl)amino]-/NV-(4-
methoxybenzyl)benzamide (4d). (4-Methoxyphenyl)-
methanamine (0.20 mL, 1.50 mmol) was used as the
reactant. White powder, yield 64%, mp 226-228°C. 'H
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NMR spectrum, 8, ppm: 3.77 s (3H, OCH3), 4.32 d (2H,
J=5.64 Hz, CH,), 6.70 d (2H, J=7.90 Hz, CH), 7.11 d
(2H,J=7.90Hz,CH),7.43d (1H,J=8.47Hz,CH),7.85d
(1H, J = 8.47 Hz, CH), 7.89 d (1H, J = 8.47 Hz, CH),
7.97 s (1H, CH), 8.35 d (1H, J = 8.47 Hz, CH), 8.39 s
(1H, CH), 8.86 s (1H, CH), 9.34 s (1H,NH), 12.81 s (1H,
NH). 3C NMR spectrum, §, ppm: 42.6, 55.5,113.5, 114.1,
122.3, 124.5, 125.5, 125.8, 126.0, 129.2, 129.6, 130.9,
131.0, 131.2, 136.4, 138.8, 140.5, 153.5, 158.7, 159.1,
167.2. MS: m/z: 453.0861 [M + H]".
4-Chloro-2-[(7-chloroquinazolin-4-yl)amino]-/V-
(4-methylbenzyl)benzamide (4e). p-Tolylmethanamine
(0.20 mL, 1.50 mmol) was used as the reactant. White
powder, yield 60%, mp 226-228°C. 'H NMR spectrum,
o, ppm: 2.19 s (3H, CH3), 4.33 d (2H, J=5.64 Hz, CH,),
6.95d (2H, J=7.90 Hz, CH), 7.06 d (2H, J = 7.90 Hz,
CH), 7.44 d. d (1H, J = 8.47 Hz, 2.26 Hz, CH), 7.85 d
(1H, J = 8.47 Hz, CH), 7.89 d. d (1H, J = 9.03 Hz,
2.26 Hz, CH), 7.96 d (1H, J=2.26 Hz, CH), 8.34 d (1H,
J=9.03 Hz, CH), 8.40 s (1H, CH), 8.85 s (1H, CH),
9.37t(1H,J=5.64 Hz,NH), 12.78 s (1H,NH). *C NMR
spectrum, 6, ppm: 21.2, 42.9, 113.5, 122.2, 124.7, 125.
6,125.9,126.1,127.8,129.3,129.6,130.9, 136.2, 136.4,
136.5,138.6, 140.5,143.4,153.4,159.1, 167.2. MS: m/z:
437.0919 [M + H]".
4-Chloro-2-[(7-chloroquinazolin-4-yl)amino]-
N-(pyridin-2-ylmethyl)benzamide (4f). Pyridin-2-
ylmethanamine (0.15 mL, 1.50 mmol) was used as the
reactant. White powder, yield 57%, mp 214-216°C. 'H
NMR spectrum, 6, ppm: 4.40 d (2H, J = 5.08 Hz, CH),
7.48d.d (1H, J=8.47 Hz, 1.70 Hz, CH), 7.65 d. d (1H,
J=5.64Hz,6.78 Hz, CH), 7.74 d (1H,J="7.90 Hz, CH),
7.86 d. d (1H, J=9.03 Hz, 1.69 Hz, CH), 7.97 (1H, d,
J=8.47 Hz, CH), 7.99 s (1H, CH), 8.18 d. d (1H, J =
6.78 Hz, 7.90 Hz, CH), 8.40 s (1H, CH), 8.42d (1H, J=
9.03 Hz, CH), 8.65d (1H, J=5.64 Hz, CH), 8.87 s (1H,
CH), 9.66 t (1H, J = 5.08 Hz, NH). 13C NMR spectrum,
o, ppm: 42.2, 113.3, 121.5, 125.1, 125.4 (CH, C-23),
125.8, 126.4, 126.6, 129.6, 131.3, 136.6, 138.3, 140.8,
142.8,143.6,144.7,153.1,155.1, 159.5, 167.8. MS: m/z:
424.0718 [M + H]".
4-Chloro-2-[(7-chloroquinazolin-4-yl)amino]-
N-phenethylbenzamide (4g). 2-Phenylethanamine
(0.19 mL, 1.50 mmol) was used as the reactant. Yellowish
powder, yield 61%, mp 216-218°C. '"H NMR spectrum,
o, ppm: 2.78 t (2H, J = 7.34 Hz, CH), 3.40 m (2H, CH),
7.07 m (1H, CH), 7.19 m (4H, CH), 7.38 d. d (1H, J =
8.47Hz,J=1.70Hz, CH), 7.78 d (1H, J=8.47 Hz, CH),
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791d.d(1H,J=8.47 Hz,J=1.70 Hz, CH), 7.96 s (1H,
CH), 8.26 d (1H, J = 8.47 Hz, CH), 8.64 s (1H, CH),
8.90 s (1H, CH), 9.03 t (1H, J=5.64 Hz, NH), 12.88 s
(1H, NH). 3C NMR spectrum, §, ppm: 35.2,41.3, 114.0,
123.3, 123.5, 125.0, 125.6, 126.7, 127.3, 128.8, 129.2,
129.6, 130.7, 136.6, 139.4, 139.7, 140.3, 154.0, 158.6,
167.7. MS: m/z: 437.0911 [M + H]".

4-Chloro-2-[(7-chloroquinazolin-4-yl)amino]-/V-
phenylbenzamide (4h). Aniline (0.14 mL, 1.50 mmol)
was used as the reactant. Yellowish powder, yield 60%,
mp 216-218°C. "H NMR spectrum, &, ppm: 7.03 t (1H,
J=17.34Hz,CH), 7.25d.d (2H, J=17.90, 7.34 Hz, CH),
7.53d (1H, J=12.47 Hz, CH), 7.59 d (2H, J=7.90 Hz,
CH), 7.89 m (1H, CH), 7.91 m (1H, CH), 7.98 s (1H,
CH), 8.12 s (1H, CH), 8.60 d (1H, J = 8.47 Hz, CH),
8.85 s (1H, CH), 10.66 s (1H, NH), 12.28 s (1H, NH).
13C NMR spectrum, &, ppm: 113.2, 121.1, 121.4, 124.7,
125.4, 126.3, 126.7, 128.7, 129.2, 129.7, 131.5, 136.2,
137.7,139.1,140.9, 142.4,152.9, 159.7, 165.6. MS: m/z:
409.0591 [M + H]".

In vitro antiproliferative study. The in vitro
antiproliferation activity of the synthesized derivatives
was tested using the MTT assay. Gefitinib was used as the
positive control. Three NSCLC cell lines, namely A549,
H1650, and H1975 which were obtained from AddexBio
Ltd. USA. DMEM was used as the media for A549 cell
line, while RPMI 1640 was used as the media for H1650
and H1975 cell lines. The cells were cultured in a cell
incubator at 37°C, where the humidified atmosphere of 5%
CO, was maintained. The cells were plated into 96-wells
microplate at a density of 10* cells per well after which the
cells were incubated over a period of 24 h. The treatment
of the test compounds onto the cells was executed using
100 uL of nine working concentrations (3.91-100 uM).
The working solutions were prepared in 0.5% v/v DMSO
in respective media. For negative control, the cells were
treated with 100 pL of 0.5% v/v DMSO in media. The
cells were incubated for another 72 h. Next, 20 puL of
MTT reagent (5 mg/mL) were added to each well. After
the MTT treatment, the cells were incubated for another
3 h. Then, the supernatant was removed carefully, after
which 100 pL. of DMSO was added to dissolve the MTT
formazan crystals. The absorbance of the formazan
product was read on a microplate reader at 570 nm,
with 620 nm as the background wavelength (Infinite
200, Tecan, Mannedorf, Switzerland). The percentage
of the viable cells in each well was calculated from the
absorbance of the respective well over that of the negative
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control well. The ICs, values of the test compounds were
determined from dose-response curves using Prism 8.0.2,
software for Windows (GraphPad Software Inc., La Jolla,
CA, USA). The results were expressed as mean +standard
deviation of triplicates [20].

Molecular docking. A workstation with four Intel Core
2 Duo E6850 3.00 GHz microprocessors, 8 GigaBytes
of Random-Access Memory (RAM) and an Ubuntu
18.04 Linux operating system was used. Blind docking
was performed on WT-EGFR and LRTM-EGFR using
AutoDock Vina software [21]. The models for the kinases
were obtained from the Protein Data Bank (PDB ID:
IM17 and SEDR, respectively) [4, 22].

The present ligands and water molecules were removed
from the kinases models using Biovia Discovery Studio
Visualiser 4.5 software [23]. Then, AutoDockTools 1.5.6
software was used to add all hydrogen atoms, merging
nonpolar hydrogen atoms, checking and repairing missing
atoms, adding Gasteiger charges, assigning AD4 atom
types to the protein structure, and finally saving the
protein structure in .pdbqt format for further docking
[24, 25]. A grid box of the kinase structure was then set
using AutoDockTools 1.5.6 software with a grid spacing
of 1.0 A, dimensions of 126x126x126 points along the
X, y and z axes, and centered on the kinase and covered
the whole kinase for blind docking [26].

The structure of the ligands to be run in the molecular
docking were constructed using ChemBio 3D Ultra 12.0,
and their energy were minimized using MM2 energy
minimization calculation [27]. Then, AutoDockTools
1.5.6 software was used to add flexibility to flexible bonds
on the ligands and save the ligands in .pdbqt format as
input files for molecular docking [24].

Molecular dynamics simulations. The MD
simulations were carried out using GROMACS 2019
[28]. GROMACS “pdb2gmx” module with AMBER
force field ff14SB [29] were used to prepare the receptor
files for the simulations. Antechamber Python Parser
Interface (ACPYPE) [30] software was used to prepare
the ligand files, after which Generalized AMBER Force
Field (GAFF) [31, 32] and AM1-BCC charge models
were applied to the files. The receptor-ligand complex
was suspended at the center of a TIP3P water box [33],
where the edge of box was set to be at least 10 A away
from the complex. Explicit solvent model was used to
solvate the system, after which the system was neutralized
by adding counter ions prior to the energy minimization
stage. The energy of the solvated system was minimized
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using the steepest descent algorithm, and followed by
the conjugated gradient algorithm. After the energy
minimization, equilibrium simulation was carried out with
constant temperature and pressure at 300 K and 1 atm,
respectively. All MD simulations during the production
stage was carried out for 50 ns, while a trajectory was
captured for every 20 ps. For RMSD calculation, the
analysis of the collected trajectories was carried out
using the GROMACS ‘rms’ module. For the hydrogen
bond occupancy calculations, the trajectories collected
from GROMACS MD simulation were converted into
AMBER netedf format (.nc) with cpptraj [34] module in
AmberTools. The converted trajectories were then used
for hydrogen bond occupancy analysis with cpptraj’s
hbond module.

CONCLUSIONS

Eight new anilinoquinazoline with an aromatic ring
at the 2nd carbon of the aniline ring with amide group
linker have been synthesized and tested for their in vitro
antiproliferative activity against A549, H1650 and H1975
cell lines. The results have indicated that seven derivatives
have demonstrated performance higher than that of
gefitinib in A549 and H1975 cell lines, while none of the
derivatives have performed better than the standard drug
in H1650 cell line. Compound 4e has demonstrated the
best antiproliferative activity in A549 cell line (17.60 £
1.70 uM), while compound 4g has demonstrated the
highest antiproliferative activity in H1975 cell line
(9.75 £ 1.06 uM). The molecular docking study against
EGFR kinases has proposed that both compounds have
maintained the hydrogen bonding interaction with
MET793 as observed in anilinoquinazoline derivatives,
while forming the additional n—n stacking interaction
with PHE723. Further in silico study by the molecular
dynamics simulations has indicated that in WT-EGFR,
compound 4e could have interacted with ASP855 through
the hydrogen bonding. In LRTM-EGFR, compound 4g
also could have form hydrogen bonding with ASP855.
This study demonstrates that the incorporation of both
amide group and phenyl ring on the 2nd carbon of the
aniline ring increases the potency of the anilinoquinazoline
derivatives against certain NCSLC cells. In conclusion,
compound 4e and compound 4g can be considered as
the potential leads for further development of antitumor
agents.
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